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Purpose of the study: Mathematical literacy remains a persistent challenge in
the Philippine education system, as evidenced by the low performance of
Filipino students in PISA 2022. Addressing this challenge requires integrating
21st-century skills into the mathematics curriculum to prepare students for
complex global demands. This study evaluated the relationship between self-
assessed 21st-century competencies (the 6 Cs) and the mathematical proficiency
of high school students (N = 676) in Digos City.

Methodology: Utilizing a descriptive-predictive research design, the study
analyzed student self-assessments alongside Minimum Competency Assessment
(MCA) scores using Pearson correlation and multiple linear regression.

Main Findings: Results revealed that while students demonstrated strong
foundational competencies in numeracy and abstraction, their overall
mathematical proficiency remained low at Level la. Among the non-cognitive
traits, critical thinking and communication were closely correlated with
abstraction and symbolic reasoning, while culture/citizenship emerged as the
primary statistically significant predictor of mathematical performance.
Crucially, this research contributes to the educational evaluation framework by
demonstrating how non-cognitive 21st-century skills intersect with and support
students' mathematical literacy, reasoning, and problem-solving abilities. To
bridge observed performance gaps, the study advocates for a structured
integration of the 6 Cs through culturally relevant pedagogies, real-world
problem-solving, and contextualized instruction.

Novelty/Originality of this study: Ultimately, these findings carry key
implications for school-based mathematics assessment systems, emphasizing the
need to reform local testing frameworks to evaluate higher-order reasoning and
holistic 21st-century competencies alongside traditional procedural mastery.
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1. INTRODUCTION

Mathematical literacy remains a vast discussion and persistent global challenge, demanding effective
pedagogical strategies and learning initiatives within 21st-century education [1]. At the core of this challenge lies
the necessity of achieving mathematization—the mastery of solving real-life problems through mathematics [2].
The failure to achieve this level of proficiency not only hinders students' academic achievement [3] but also
negatively affects their long-term outcomes [4]. This study addresses a critical gap in the Philippines, driven by
the Programme for International Student Assessment (PISA) 2022 results, which revealed that only 16% of
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Filipino students attained basic mathematical proficiency, lagging significantly behind global peers by
approximately five to six years' worth of schooling [5]. Addressing these performance gaps highlights the role of
assessment as a diagnostic and evaluative tool. Creating a meaningful assessment framework is essential for
systematically evaluating students' mathematical literacy, reasoning, and problem-solving skills in real
classroom settings [6], [7]. Evaluating these transferable 21st-century competencies serves as a vital indicator of
educational quality, measuring a system’s capacity to prepare adaptable, highly skilled graduates who can
navigate complex real-world demands [8], [9].

Responding to the demands of global education, integrating the Critical Thinking, Creativity,
Collaboration, Communication, Citizenship/Culture, and Character/Compassion (6 Cs) Model is essential to
prepare students for social and global development [10]. This initiative aligns with the United Nations
International Children's Emergency Fund (UNICEF), which promotes mathematical competence and
constructive methodologies [11], and national mandates like the Department of Education’s emphasis on 21st-
century skills and global citizenship [12]. Local context provides further justification, with initial evidence
showing that critical thinking skills enhance mathematical understanding [13]. Furthermore, the national vision
of AmBisyon Natin 2040 specifically calls for formal education to ensure the acquisition of foundational
literacies alongside critical thinking, problem-solving, creativity, communication, and character qualities [14].

The theoretical background of this research rests on the principles of Progressivism and Transformative
Learning. John Dewey's progressivism advocates for socially engaging, experiential learning where students
acquire knowledge through hands-on engagement guided by the teacher [15], [16]. Complementing this, Jack
Mezirow’s transformative learning theory emphasizes how learners reinterpret their experiences using critical
reflection to create new, lasting insights [17], [18]. Both theories collectively promote the development of
individual learners through experiential learning, which aligns closely with the integration of the 6 Cs
framework.

However, existing literature assessing students' mathematical literacy and reasoning skills through the
PISA framework presents notable limitations, especially regarding the integration of the 6 Cs [19], [20].
Previous studies have overwhelmingly focused on quantifying low student abilities, evaluating procedural math
tests, or examining the isolated effectiveness of specific instructional models in controlled interventions [21].
There remains a marked shortage of research examining how holistic competencies such as 6 Cs directly
intersect with standardized domain-specific mathematical assessments [8]. Furthermore, conventional
measurement frameworks rarely evaluate how multidimensional 21st-century skill predict domain-specific
mathematical performance, leaving a critical gap in contextualized diagnostic tools that capture both non-
cognitive growth and cognitive reasoning within local education systems. The novelty and urgency of this
research lie in its empirical bridging of 6 Cs through student self-assessments with standardized Minimum
Competency Assessment (MCA). Rather than evaluating pedagogical interventions in isolation, this study
provides a region-specific predictive framework that identifies competencies within the 6 Cs model that serve as
significant predictors of mathematical proficiency under PISA-aligned standards. In direct response to
Sustainable Development Goal 4: Quality Education [22], establishing this empirical link is urgent for retooling
diagnostic assessment modalities and informing targeted curricular reform in vulnerable regional contexts.

This study generally aimed to explore the relationship between the 6 Cs model and mathematics
proficiency of high school students in Digos City. Specifically, this aimed:

1. To determine the level of 6 Cs in the Minimum Competency Assessment (MCA) of high school
students through the following core competencies in Mathematics:

1.1 Numeracy Systems and Their Algebraic Properties;

1.2 Abstraction and Symbolic Representations;

1.3 Mathematical Structures and their Regularities;

1.4 Functional Relationship Between Quantities;

1.5 Mathematical Modelling as Lens onto the Real World; and

1.6 Variation at the Heart of Statistics.

2. To determine the mathematics proficiency level of high school students with the integration of 6 Cs.
3. To determine the level of 6 Cs in the self-assessment of high school students, specifically:

3.1 Communication;

3.2 Collaboration;

3.3 Critical Thinking;

3.4 Creativity;

3.5 Culture/Citizenship; and

3.6 Character.

4. To determine the significant relationship between 6 Cs and Mathematics Proficiency Levels results.
5. To determine which variables of 6 Cs best predict the mathematical proficiency of high school students.
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2. RESEARCH METHODS
2.1. Respondents

The target respondents of this study were students currently enrolled in the school year 2024-2025 from
Grades 9 to 10, aged from 15 to 16 years old. The inclusion criteria for selecting respondents were based on the
PISA Target Population 2022, which varied depending on the sampling technique used to enhance the accuracy of
the data and results [23]. Purposive sampling was utilized to deliberately select students who were best equipped
to provide insight into this study [24]. The schools that officially participated were three (3) private and ten (10)
public secondary schools in Digos City. Due to school restrictions, class schedules, and the total number of
students per school, a total of 676 respondents were selected to participate in the assessment. Table 1 provides a
meaningful glimpse into the demographic profile and distribution of high school students across the various
schools in Digos City. The characteristics highlighted were gender, age, grade level, and school affiliation, which
may influence students' perspectives, experiences, and responses.

Furthermore, any respondents had the option to withdraw from this study when they were not physically,
emotionally, and mentally fit to take the following assessments. For this, a student was excluded from
participating when they dropped out of school within the academic year stated, were caught in an accident and
needed full recovery, and physically absent during the specific day and time the assessments were conducted.

Table 1. The Characteristics of 676 High School Students Included in the Assessment

Profile Variables F %
Gender
Female 383 56.7%
Male 269 39.8%
Member of LGBTQIA+ 16 2.4%
Prefer not to say 8 1.2%
Age
15 years old 416 61.5%
16 years old 260 38.5%
Grade
Grade 9 156 23.1%
Grade 10 520 76.9%
Schools
School A 47 7%
School B 42 6.2%
School C 44 6.5%
School D 106 15.7%
School E 30 4.4%
School F 47 7%
School G 43 6.4%
School H 70 10.4%
School I 15 2.2%
School J 25 3.7%
School K 56 8.3%
School L 85 12.6%
School M 66 9.8%

The gender distribution of high school students in Digos City revealed a predominantly female student
population, with 383 students identifying as female, made up 56.7% of the total. The data suggests a healthy mix
of genders in the educational setting, but the higher number of female students may indicate greater retention or
enrollment rates among young women. It’s important to highlight the 16 students (2.4%) who identified
themselves as members of the LGBTQIA+ community. Their presence in the student body reflects the growing
visibility and acceptance of diverse gender identities and sexual orientations within the younger generation. On
the other hand, the age distribution of high school students in Digos City had shown that the majority of students
are 15 years old, making up 61.5% of the total population. The data also revealed that a large majority of high
school students in Digos City are enrolled in Grade 10, accounting for 76.9% of the total. The high concentration
in Grade 10 reflected the focus of the study and data collection effort of the researchers. Lastly, among the 13
schools listed, School D stands out as the largest contributor, accounting for 15.7% of the student population.
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2.2. Research Instruments

This study adopted the self-assessment questionnaire on the integration of 6 Cs in 21st-century learning
by Fadhilawati et al. [25] and utilized the Minimum Competency Assessment (MCA) test model to measure the
mathematical proficiency of high school students [26].

One of the instruments used was the self-assessment questionnaire that contained items designed to
assess students’ skills in relation to the 6 Cs in Mathematics [25]. The questionnaire specifically measured six
dimensions of the 21st century skills: Communication, Collaboration, Critical Thinking, Creativity,
Culture/Citizenship, and Character. These dimensions were aligned with the 6 Cs framework and designed to
capture students’ perceptions of their skills in mathematical contexts.

To ensure the appropriateness and contextual fit of the adopted survey questionnaire, a targeted
validation process focused on face validity and content validity was executed prior to full deployment. The
questionnaire was submitted for formal evaluation to a panel of expert validators from the Mathematics
Department and the Research and Publication Center (RPC) of UM Digos College. The instrument was
evaluated using a standardized Questionnaire Validity Rubric, earning an overall rating of 5 (Excellent) for item
relevance, clarity, and alignment with learning standards. Because the instrument was adopted directly from a
validated, previously published source, the underlying factor structure and construct validity had already been
psychometrically established by the original authors; as such, a formal pilot testing administration was deemed
unnecessary. Instead, face validity and linguistic appropriateness were confirmed through expert panelists to
ensure the phrasing was clear, age-appropriate, and free of ambiguity for the local student demographic.

Furthermore, it contains five options for scoring through a 5-point Likert Scale. The scale is as follows:
1- minimal or no mastery of skills, 2 - having limited proficiency with room for improvement, 3 - having
moderate proficiency, demonstrating basic understanding, 4 - having good proficiency and solid grasp of skill,
and 5 - having very good mastery that showcases an advanced level of proficiency. Students were asked to rate
their own proficiency in each area by assigning a score in each question. This allowed for an evaluation of how
they viewed their abilities across the 6 Cs. Table 2 shows the range of means used to interpret the level of self-
perceived proficiency of high school students for the 6 Cs.

Table 2. Interpretation Guide for the Level of Self-Assessment for the 6 Cs in Mathematics

Mean Values Levels Descriptive Meaning

4.20-5.00 Very High The students perceived themselves as possessing an advanced level of
proficiency in the items.

340-4.19 High The students perceived themselves to possess an adequate or good

level of proficiency for the items.

2.60-3.39 Moderate The students perceived themselves as possessing a moderate level of
proficiency in the items.

1.80 —2.59 Low The students perceived themselves as possessing a limited level of
proficiency in the items.

1.00-1.79 Very Low The students perceived themselves to have little to no mastery of the

skills described in the items.

Another research instrument used was the Minimum Competency Assessment (MCA) test, which was
conducted to assess students' mathematical proficiency. The development of the test followed the modified model
of Oriondo et al., as cited in Novika [27], which includes test design, test trials, and test measurements [26]. For
the test design, the initial assessment consists of 24 questions per competency, totaling 144 items subjected to
testing. A test blueprint was constructed to guide the design of the Minimum Competency Assessment (MCA). It
systematically matrixes six core Mathematics Content Competencies—Numeracy Systems and their Algebraic
Properties, Abstraction and Symbolic Representations, Mathematical Structures and their Regularities, Functional
Relationship Between Quantities, Mathematical Modeling as a Lens onto the Real World, and Variation at the
Heart of Statistics—across the 6 Cs of 21st-Century Skills using two distinct assessment formats: Traditional
Multiple-Choice and Complex Multiple-Choice items. This balanced matrix design guarantees equal weight
across content areas while testing higher-order cognitive reasoning and skill integration through both single-
response and multi-faceted problem-solving formats. Below is the test blueprint used to assess students’
mathematical proficiency.
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Table 3. Test Blueprint for Minimum Competency Assessment

Numeracy

tem Abstraction and Mathematical Functional Mathematical Variation
. . systems strachion Structures and ~ Relationship Modeling as a at the
Mathematics Competencies and their Symbolic their Between Lens onto the Heart of Total
Algebrglc Representations regularities Quantities Real World Statistics
properties
Critical
Thinking 2 2 2 2 2 2 12
Traditional Creativity 2 2 2 2 2 2 12
Multiple Collaboration 2 2 2 2 2 2 12
Choice Communication 2 2 2 2 2 2 12
Citizenship 2 2 2 2 2 2 12
Character 2 2 2 2 2 2 12
Critical
comt Thinking 2 2 2 2 2 2 12
Nf”ﬁ? ‘TX Creativity 2 2 2 2 2 2 12
Choee  Collaboration 2 2 2 2 2 2 12
Communication 2 2 2 2 2 2 12
Citizenship 2 2 2 2 2 2 12

To assess the reliability of the instrument and data collection procedures, a test trial was administered. A
total of 30 respondents from a similar inclusion profile participated in the pilot testing, but were not included in
the final assessment. Findings revealed that students generally performed moderately, with an average score of
61.83%, ranging from a high of 97 to a low of 44 out of 144 items. Item analysis was also performed, with 107
items falling within the difficulty index of 0.25 to 0.75, leaving the average items for final assessment. Moreover,
the overall assessment yielded good internal consistency (o = 0.8), as determined by the Kuder-Richardson
Formula 20 (KR-20). For the actual assessment, scores will be obtained per student, which will be generally
converted to percentage cut-off scores to identify their proficiency level. Below is the interpretation guide for the
level of mathematical proficiency, adapted from the PISA 2022 Mathematical Framework.

Table 4. Interpretation Guide for the Level of Mathematical Proficiency

. Percentage
Proficiency Cut-off
Level
Scores

Task Description

Level 6 66.9%-100%

Level 5 60.7%-
66.8%
Level 4 54.5%-
60.6%
Level 3 48.2%-
54.4%

Students at this level can solve abstract problems using creative and flexible
thinking. They are skilled in critical thinking and are proficient in symbolic and
formal math, which they use to explain their reasoning clearly. They can assess
whether their actions and solutions are appropriate for the problem, considering
the real-world context through the integration of the 6 Cs.

Students at this level can create and work with models for complex situations, set
limitations, and make assumptions. They employ organized and well-thought-out
strategies to tackle challenging tasks, such as planning an experiment, devising
the optimal procedure, or working with complex visualizations. They show a
greater ability to solve problems that require applying mathematical knowledge
not directly mentioned in the items. At this level, students reflect on their work
and evaluate their mathematical results in real-world contexts, integrating the 6
Cs.

Students at this level can handle complex real-world problems using clear
models, sometimes involving two variables. They can describe models for
undefined situations using advanced computational thinking. They begin to use
critical thinking, such as judging whether a result makes sense when exact
calculations are not possible. Students can combine and use different types of
information, like graphs or symbols, and connect them to real-life situations.
They can choose and justify solutions based on their understanding, reasoning,
and methods, integrating the 6 Cs.

Students at this level can create solution strategies that involve step-by-step
decisions or adapting familiar concepts and apply a computational thinking
approach. They can solve tasks that require multiple routine calculations, even
when not all steps are clearly stated. They can use spatial reasoning, interpret and
use information from different sources, including making decisions based on a
two-way table. They can also work with problems involving percentages,
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fractions, decimals, and proportional relationships, integrating the 6 Cs.

Level 2 42%-48.1%  Students at this level can identify when they need to create simple strategies to
solve problems, including basic simulations. They can gather relevant
information from complex sources (e.g., two-way tables, charts, or 2D drawings
of 3D objects). They understand basic functional relationships, can solve simple
ratio problems, and interpret results literally with the integration of the 6 Cs.

Level la 35.8%-41%  Students at this level can answer questions in simple situations where all the
necessary information is provided, and understand questions with two sources at
once to identify relevant details (e.g., a table accompanied by a brief description).
They can follow clear, step-by-step instructions to complete basic tasks, even if it
involves repeating steps multiple times. They can combine information and apply
basic methods, formulas, or rules to solve problems, typically involving whole
numbers, while integrating the 6 Cs.

Level 1b 29.5%- Students at this level can answer questions in simple situations where all the
36.7% needed information is clearly shown in tables or graphics. They can identify and
ignore irrelevant information if it does not apply to the question. They can also
perform basic calculations when given clear, easy-to-follow instructions that
incorporate the 6 Cs.

Level 1c 23.3%- Students at this level can answer questions involving easy, simple, and familiar
29.4% situations where all the needed information is clearly given. They can follow
clear instructions that describe a single operation or task, integrating the 6 Cs.

2.3. Research Design and Procedure

This study utilized descriptive-predictive research design that is quantitative in nature [28], [29].
Descriptive-predictive research design summarizes and finds patterns from raw data, which determines the
relationship between input and target data [30]. Thus, these designs offer a comprehensive approach, not just by
showing the present data relationships but also projecting future possibilities which enhances decision making.
Figure 1 illustrates the phases of the research procedure, structured into administrative clearance, instrument
validation, data collection, and statistical analysis.

4 \
. Phase 1: Administrative Clearance |
: e DepEd & Principal Permissions !
, Obtained |
\ /
_____________ B

Phase 2: Instrument Validation

1
I

1 e  Pilot Testing (n=30) & Item
: Finalization
\

i Phase 3: Data Collection !
: e  Scaled Administration: Large to Small :
I Respondents !
'\ e  Self-Assessment and 2-hour MCA Test ,I

i Phase 4: Data Analysis |
: e Descriptives (Means & Cut-Off Scores)
1 e Inferentias (Pearson-r & Regression) :
I
. 1

Figure 1. Research Procedure

To conduct this research at the public secondary high schools, the research procedure was administered
in four distinct phases. The procedure began with submitting a formal authorization letter to the Department of
Education (DepEd) Division Office of Digos City. Following the division approval, permission letters were
issued to the school principals of participating institutions. These letters requested institutional clearance and
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aggregate demographic data of potential respondents and total population of students aged 15 to 16 years old.

To ensure integrity of the research of the research instruments, a validation phase was initiated prior to
full-scale deployment. The MCA test was pilot-tested with 30 Grade 9 students from a pilot section at Digos City
National High School. The data from this group were used to evaluate test parameters, item validity, aniosd
internal reliability, which established the finalized version of the MCA test.

Data collection proceeds across the cleared institutions, beginning with the schools containing the
largest population and concluding with the smallest. The administration sequence was strictly controlled in each
setting; respondents completed the self-assessment questionnaire first to capture their self-perceptions regarding
the 6 Cs followed by the the MCA test requiring a time block of approximately two hours [25], [26].

The final phase involved processing and evaluating the primary data using both descriptive and
inferential statistics. The self-assessment data were subjected to Cronbach’s alpha internal consistency checks
and mean scores were calculated to determine perceived 6 Cs competency levels. For the MCA test, raw scores
were converted to percentages and evaluated against established cut-off scores to determine mathematical
proficiency. Lastly, correlation coefficients () and linear regression were conducted to evaluate the strength,
direction, and predictive relationships between the 6 Cs and student mathematical literacy.

2.4. Data Analysis

The data collection process was executed systematically among the 13 participating secondary private
and public high schools, moving from the institutions with the largest respondents to the smallest. During the
administration, respondents were first asked to complete a self-assessment questionnaire regarding their skills on 6
Cs. Immediately following the questionnaire, students took the MCA test. The raw data gathered from both the
self-assessment questionnaires and the MCA test were then compiled and organized for scoring and verification.

3. RESULTS AND DISCUSSION
3.1. Level of 6 Cs in Minimum Competency Assessment of High School Students in Digos City

Figure 2 presents the level of the 6 Cs across the core competencies of mathematics among high school
students in Digos City. Each percentage represents the extent to which students demonstrate a specific
competency in the 6 Cs within a particular area of mathematics. Moreover, the following highlights the most and
least prominent competencies in various mathematical skill areas, aiding in the identification of strengths and
areas for targeted improvement.

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0
Numeracy Systems = Abstraction and Mathematical Functional Mathematical Variation at the
and Their Algebraic Symbolic Structures and their Relationship Modelling as a Lens Heart of Statistics
Praperties Representations Regularities Between Quantities | onto the Real World

Critical Thinking 17.75% 58.88% 43.34% 34.66% 28.55% 26.04%
Creativity 42.55% 34.17% 29.14% 34.99% 31.07% 30.25%
Collaboration 53.03% 34.50% 51.26% 35.65% 32.40% 37.94%
Communication 32.74% 36.83% 34.25% 35.26% 28.45% 35.83%
Citizenship/Culture 41.46% 44.30% 26.13% 32.84% 28.90% 38.07%
Character 42.49% 43.27% 28.25% 39.31% 26.28% 39.20%

Figure 2. Level of 6 Cs Across the Six Core Competencies of Minimum Competency Assessment

Numeracy Systems and Their Algebraic Properties. Among the 6 Cs integrated, Collaboration
(53.03%), Creativity (42.55%), and Character (42.49%) highlights potential in Numeracy Systems and Their
Algebraic Properties as students appeared to have moderate performance of this 21st century skills under this
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competency. Collaboration, in particular, helps address gaps in algebraic understanding and improves
performance [31]. Similarly, Leikin and Sriraman [32] noted that integrating creativity into math instruction and
exploring different problem-solving strategies also enhances understanding of the subject matter. Strategies like
Problem-Based Learning (PBL), for example, have proven effective in fostering creativity. As cited, Hanusa [33]
demonstrated its effectiveness through the integration of arts and technology; such as 3D design and app
development, which helped students visualize algebraic concepts. This approach significantly improved the
students’ retention in Algebra and their ability to apply mathematical laws [7]. Furthermore, solving linear
equations often cultivates values like hard work and communication because of the steps needed to be taken
before arriving at the final answer [34]. However, the notable weakness in Critical Thinking (17.75%) might be
due to students’ struggle to interpret problems and translating them into mathematical expressions [35].
Collectively, it is important to note that the integration of collaboration, creativity, and character, might be
helpful for the students to comprehend and improve their foundational knowledge in Mathematics.
Abstraction and Symbolic Representations. Next, students demonstrated a strong alignment with
Critical Thinking (58.88%) in Mathematics, Abstraction and Symbolic Representations. This suggests that
students have the capacity to engage in items involving analytical skills and reasoning abilities under this
domain. According to studies, students gradually develop their critical thinking skills through visual and formal
representation; such as Venn and Euler Diagrams, which they prefer over formal logical rules [36]. Referring to
Jean Piaget’s philosophy, students develop their logical and abstract thinking around 11 years old and throughout
their adulthood [37]. Thus, using forms of representation in class helps students analyze and evaluate ideas
critically. Since critical thinking skills are crucial, improving the educational process through learning models in
schools is encouraged [38]. Citizenship/Culture (44.30%) and Character (43.27%) was also a skill moderately
exhibited by students. This suggests that external and internal motivation might be a factor for students’
mathematical proficiency. According to Vygotsky, social relationships and cultural experiences play a crucial
role in how children grow and develop mentally, which influences how they think and make sense of the world
[39]. In addition, Kohlberg’s Theory of Moral Development reflects an individual's growing ability to use
abstract concepts and symbolic reasoning to navigate complex moral dilemmas, thereby enhancing character
development [40]. On the other hand, with Creativity (34.17%) having the lowest level in this core competency,
students might have been depending on rote memorization and procedures. Due to students' varying intelligence,
students might be facing difficulties in creating visual representations, even with instructions [41].
Mathematical Structures and Their Regularities. Students also performed well in Collaboration
(51.28%) in this particular domain, but reflected lower connections with Citizenship and Culture (26.13%) and
Character (28.25%), implying a need for more values-based integration. Collaborative Problem Solving or CPS;
coined in PISA 2015, is acknowledged as one of the important 21st Century Skills [42]. It is a process where two
or more people solve a problem together to come up with a solution, which shows the connection between
mathematical understanding and CPS [43]. However, students lack values integration which implies a need for
teachers to integrate values in Mathematics teaching. Currently, enhancing middle school students’ cognitive and
social interactions has become a key focus in current collaborative learning research [44]. As an attempt to
democratize mathematics education, Olawale et al. [45] developed a model which sought to link mathematics
teacher education to democracy and social reforms. They noted that mathematics education has traditionally
focused on learning math purely for its own sake, which has led to challenges in promoting autonomy in
education especially in South Africa. Furtherly, the goal of including mathematics in the school curriculum is to
educate all members of society, not just to train future mathematicians, arguing that students and teachers must
engage with social differences to connect various mathematical ideas in different cultural perspectives [45]. With
these in mind, a study in Korea also revealed the growing challenges of character education in Mathematics.
Hence, integrating character education into school curriculum must be considered to provide students with
meaningful opportunities and for teachers to develop awareness regarding values-based education in math [46].
Functional Relationship Between Quantities. In this domain, students presented a balanced profile,
with modest scores across all skill areas, particularly emphasizing Character (39.31%) and Critical Thinking
(34.68%). A study published in Education Sciences examined how high school students translated linear
relationships across different representations in math and physics. The findings revealed that students'
performance was strongly influenced by their confidence, suggesting that promoting self-efficacy and resilience
can improve comprehension in mathematics and overall character growth [47]. On the other hand, Biki¢ et al.,
[48] examined the effects of mathematical modeling in teaching linear, quadratic, and logarithmic functions. The
study demonstrated an enhancement in critical thinking as well as ethical reasoning when real-life problems are
incorporated into mathematics instruction. Lastly, critical thinking skill has been found to reduce misconceptions
of functional relationships in Algebra [49]. They stated that students with lower critical thinking skills struggled
with algebraic concepts, such as linear equations. In this context, a person is considered a good thinker when
they have both critical thinking and virtues [50]. With these, we can infer that character and critical thinking
skills are crucial for students to comprehend not just in this competency but other areas of math as well.
Mathematical Modelling as a Lens onto the Real World. On the other hand, Mathematical
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Modelling as a Lens onto the Real World reveals weaker performance across all categories, especially in
Communication (28.45%) and Character (26.28%), indicating a gap in applying mathematical thinking to real-
world contexts. In the study of Bernardo et al. [51], it has also been identified that communication and character
are factors of low proficiency in math among Filipino learners. One of which is the students’ low motivation to
attend class due to external factors like low family income and poor learning environments. Another is the
misuse of gadgets and ICT integrated resources as means of learning and communication among public and
private high school students [S51]. As cited previously in this study, learning models in math provides a better
view and effective mathematics teaching. Although the promotion of mathematical modelling is a goal for
mathematics teaching worldwide, its integration into students' learning process is still debatable due to lack of
empirical evidence in classroom teaching [52]. Moreover, a study shows that students struggle with the
application of real-world context to math. Stating that students find it hard to connect to real-world problems as
they were different from the usual ones they learned at school [53]. As suggested by Cevikbas et al. [54], further
research is needed to understand what specific skills and abilities students need to be good at mathematical
modelling while recognizing the value of the practical methods that have already been used successfully in
different levels of education.

Variation at the Heart of Statistics. Lastly, Variation at the Heart of Statistics demonstrates an
emphasis on Character (39.20%), reflecting the importance of interpreting and discussing data within ethical
frameworks. Thus, in promoting statistical literacy, it should be emphasized that ethical data science is the core
of Statistics [55]. Also, a study revealed how personal traits influence students' abilities to solve problems, which
shows the role of character in mathematical competency [56]. In line with this, students who lack confidence and
no interest in mathematics often show the same attitude for statistics [57]. On the other hand, Critical Thinking
(26.04%) garnered a low percentage, signifying underlying problems in the application of analytical reasoning. It
should be highlighted that aside from ethical skills, statistical literacy also emphasizes the need to have a skill in
critical thinking [58]. Adding that the definition of being literate in this field means being able to evaluate
information critically. Therefore, in order for students to master critical thinking skills, teaching them should be
successful by choosing methods that encourage them to understand and apply such skills [59]. However,
assessing these skills; particularly the critical thinking skills, poses a lot of challenges since it involves
multitasking and specific knowledge in areas in which it is applied [60], for example in Mathematics.

Overall, while Collaboration and Character development are consistently nurtured in many areas,
competencies like Mathematical Modelling require more attention in integrating 6 Cs skills, such as critical
thinking, communication, and cultural awareness. This suggests opportunities for curriculum enhancement and
more integrative pedagogy.

3.2. Level of Mathematics Proficiency with the Integration of 6 Cs Among High School Students

Table 5 displays the percentage scores of 13 schools in Digos City, representing the level of
mathematics proficiency with the integration of 6 Cs across six core mathematical competencies. Each column
corresponds to a specific competency, and each row indicates the performance of a school. The interpretations
were adapted from the PISA 2022 Mathematics Framework.

Table 5. Level of Mathematics Proficiency with the Integration of 6 Cs

Core Competencies Percentage Scores Proficiency Level
School A 35.97% Level l1a
School B 32.18% Level 1b
School C 39.16% Level la
School D 33.82% Level 1b
School E 33.96% Level 1b
School F 37.66% Level la
School G 35.25% Level 1b
School H 40.80% Level la
School 1 49.84% Level 3
School J 47.00% Level 2
School K 32.65% Level 1b
School L 31.93% Level 1b
School M 37.97% Level la
Overall 37.52% Level la

The overall proficiency level of schools in Digos City is classified as Level 1a, with an average rate of
37.52%. This suggests that students are capable of solving basic problems using clear and straightforward
information, following procedures, and applying simple rules or formulas involving whole numbers. These skills
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reflect foundational mathematical understanding aligned with the integration of the 6 Cs. However, the
proficiency levels among individual schools in Digos City vary significantly.

School 1 attained Level 3, indicating that students are capable of developing procedural strategies,
adapting familiar concepts, and employing computational thinking. They can also manage complex problems,
interpret information from various sources, and solve tasks involving percentages, fractions, decimals, and
proportions, all while integrating the 6 Cs. Meanwhile, School J achieved Level 2, suggesting that students are
able to apply organized strategies and computational thinking to solve multi-step problems. They can interpret
diverse data sources and work with percentages, fractions, decimals, and ratios, demonstrating the application of
the 6 Cs. While Schools I and J share some overlapping competencies, they differ in terms of problem
complexity, skill depth, and the level of integration in their problem-solving approaches. School J represents a
transition from basic to intermediate skills, whereas School I reflects a more advanced and integrated application
of mathematical literacy and the 6 Cs. On the other hand, Schools A, C, F, H, and M attained Level 1a, which
signifies that students possess strong foundational thinking skills. At this level, students are able to solve basic
mathematical problems and apply simple formulas effectively. Finally, Schools B, D, G, E, K, and L reached
Level 1b. Students at this level are capable of solving simple problems using clear visual aids such as tables or
graphs. They can also identify and disregard irrelevant information and follow basic instructions to perform
calculations, demonstrating foundational application of the 6 Cs.

Since percentage scoring in this study is adapted from PISA 2022, the obtained results in Digos City
can somehow be confirmed by the past national results. According to the results of PISA 2022 Mathematics
Assessment, only 16% of Filipino students achieved at least Level 2 proficiency in mathematics, significantly
lower than the OECD average of 69%. The general observation among the students who participated in the
assessment highlighted the students’ ability to recognize and interpret simple mathematical situations
independently, without the need for direct instructions [21]. It is important to note that this assessment took place
during the COVID-19 pandemic, which posed numerous challenges to the education system [61]. In the present
times, where restrictions were lifted, students’ mathematical proficiency appeared lower than PISA 2022
national results, showing minimal improvement despite the integration of 6 Cs. The minimal improvement may
be due to low motivation, poor vocabulary, difficulty in integration; particularly in critical thinking, and
students’ understanding of mathematical concepts [10].

Overall, students have exhibited notable strengths in specific areas. Across all schools, Numeracy
Systems and Their Algebraic Properties and Abstraction and Symbolic Representations emerged as the strongest
core competency, reflecting a foundational understanding of essential mathematical concepts. However, there is
a clear need to enhance students’ abilities in practical application and real-world problem-solving, particularly
through the use of mathematical modelling [62]. Though the integration of the 6 Cs into mathematics instruction
shows encouraging signs to improve students’ skills [10], particularly reflected in school I and J, the overall
average proficiency of 37.52% highlights significant opportunities for growth and development in students’
mathematical performance in Digos City.

3.3. Level of 6 Cs in the Self-Assessment of High School Students in Digos City

The data presented in the table reflects the level of 6 Cs present among the high school students of
Digos City, with Character (4.001, SD=0.816) obtaining the highest mean score. It has been shown that students
perceived themselves having adequate proficiency in values education. Despite slight variations, the results
collectively suggest that students generally view themselves as empathetic, compassionate, and respectful.
However, the lowest mean was observed in Critical Thinking (X=3.225, SD=0.726), suggesting that respondents
may encounter more challenges in analyzing, evaluating, and synthesizing information. This self-assessment is
relatively consistent across areas such as analyzing arguments, reflecting on experiences, and considering
multiple viewpoints. Challenges emerge when applying critical thinking to unfamiliar or complex situations.

Table 6. Level of 6 Cs in the Self-Assessment of High School Students in Digos City

Items Mean SD
Communication 3.32 0.74
Collaboration 3.92 1.01
Critical Thinking 3.23 0.73
Creativity 3.37 0.78
Culture/Citizenship 3.54 0.77
Character 4.00 0.82

In light of today’s dynamic society, it is essential to foster the development of both cognitive and
affective domains of a child through education [63]. Study shows how students’ personal values affect their
performance and learning outcomes [64]. By that, for learning goals to be achieved effectively, every
stakeholder must be able to comprehend students’ behaviour as well as be a good model for them [65]. As
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evident in the Philippines, the mission and vision of the Department of Education (DepEd) emphasized learner-
centered education by fostering a nurturing and child-friendly learning environment. DepEd’s Core Values—
maka-Diyos (God-fearing), maka-tao (compassionate), maka-kalikasan (environmentally conscious), and
makabansa (patriotic), reflect a clear dedication to characteristics and cultural traits [66].

On the other hand, critical thinking skills are also deemed important, especially in these times where
distribution of information is very rapid [67]. As the volume of available information continues to grow
exponentially, it is essential for students to develop the capacity to critically evaluate and discern relevant data in
both their academic pursuits and future professional careers [68]. Relevantly, Mathematics is a way for students
to be critical thinkers. In literature, academic success in math class and critical thinking are directly correlated.
However, it is not efficiently integrated in the curriculum [50]. To promote this skill, integration should be done
in a formal learning environment. Yet for this skill to be achieved, students need motivation to learn [69].
Because if the students are less motivated and uninterested in the subject matter; particularly in Mathematics,
learning will not be effective [70]. To align with student’s interest, integrating teaching materials with various
forms of media not only makes learning more engaging and accessible but also plays a vital role in helping
students develop critical thinking skills, which are essential for navigating the complexities of today’s world
[71].

Overall, students generally see themselves as moderately to highly proficient in the integration of 6 Cs
in 21st-century learning. While they feel confident in core abilities like empathy, there are also areas that need
improvement. Specifically, students need to develop their skills in applying critical thinking and creativity,
deepen their understanding of cultural biases and stereotypes, and achieve more consistency in teamwork.

3.4. Relationship Between 6 Cs and Mathematics Proficiency

Table 7 illustrates the interrelated relationship between self-assessment and MCA, incorporating the 6
Cs. The correlation coefficients shown in the table below indicate the strength and direction of their relationship.
Significant correlations, denoted by asterisks, suggest meaningful associations that help identify which
competencies are most strongly linked to mathematical proficiency.

Table 7. Correlation Matrix of Self-Assessment and MCA in Mathematics with the Integration of 6 Cs

MCA on MCA on MCA on MCA on MCA on MCA on
Numeracy  Abstraction and Mathematical Functional Mathematical Variation
Systems Symbolic Structures and ~ Relationship ~ Modellingasa  at the
and their Representations their Between Lens onto the Heart of
Algebraic Regularities Quantities Real World Statistics
Properties
Self-Assessment on 0.078* 0.177*** 0.064 0.104** 0.101** 0.133%**
Communication 0.041 <.001 0.099 0.007 0.009 <.001
Self-Assessment on 0.166*** 0.139%** 0.087* 0.099* 0.097* 0.110**
Collaboration <.001 <.001 0.024 0.010 0.011 0.004
Self-Assessment on 0.109** 0.151*** 0.083* 0.130%*** 0.060 0.131%**
Critical Thinking 0.005 <.001 0.032 <.001 0.118 <.001
Self-Assessment on 0.106** 0.169*** 0.106** 0.180%*** 0.077* 0.120**
Creativity 0.006 <.001 0.006 <.001 0.044 0.002
Self-Assessment on 0.134%%* 0.217%** 0.104%* 0.1927%%*%* 0.079* 0.169%%**
Culture/Citizenship <.001 <.001 0.007 <.001 0.041 <.001
Self-Assessment on 0.147%%* 0.189%** 0.065 0.119%%* 0.020 0.128%%**
Character <.001 <.001 0.090 0.002 0.604 <.001

*p <.05,** p<.01, *** p<.001

Self-Assessment on Communication. As a core 2lst-century competency (6 Cs), communication
shows a weak yet significant association with their understanding of abstract concepts, symbolic reasoning, and
data interpretation. From this perspective, these patterns occur because communication acts as an external
scaffolding mechanism; articulating ideas forces students to organize, refine, and externalize covert mental
processes as implied in Vygotsky’s theory [72]. These empirical findings closely align with international
frameworks as well such as the PISA mathematical literacy model which evaluates students' ability to formulate,
employ, and interpret mathematics in real-world contexts [73].

As shown in Table 7, communication is negligibly positively correlated to MCA in Numeracy Systems
and their Algebraic Properties, r(674) = .078, p < .05, suggesting that having communication skills may play a
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part in students' ability to improve their understanding of number systems and algebraic properties. Research
conducted by Hidayati et al. [74] suggests that the use of communication in Mathematics may result in better
mathematical computations in basic numeracy and in problem-based learning. Another study confirms a positive
correlation indicating that interactive learning can improve self-confidence in computational skills, basic
numerical ability, and in foundational mathematical concepts [75], [76]. On the other hand, the data showed a
weak but positive correlation between communication and the MCA on Abstraction and Symbolic
Representation, r(674) = .177, p < .001, indicating high statistical significance. Table 7 also indicates that
communication and MCA on Abstract and Symbolic Skills were weakly positively correlated, r(674) = .104, p <
.01. This suggests that communication skills tend to support students' abstract and symbolic skills. Thus, when
students discuss their ideas together, it can possibly enhance their ability to build and comprehend visual and
symbolic representations which allows them to maximize the use of representation tools, making it easier to
explain abstract concepts [77], [78]. According to Lara et al. [79], communication is also associated with
students’ ability to explain and justify thoughts in dialogic spaces. However, the data revealed a negligible
positive correlation, 1(674) = .064, p = .099, indicating no relationship between students' communication skills
and their ability to understand mathematical structures. Similarly, in research about functional thinking, students
who have strong engagement in communication such as talking to peers, eventually improve their reasoning and
show better conceptual understanding [80], [81]. By that, students who have strong communication skills tend to
easily gain insights of the different variables and their relationships, which improves their argumentative skills
allowing them to explain various implications and tackle real world mathematical problems through modelling
[82], [83]. The self-assessment on communication was also weakly positively correlated with MCA on
Mathematical Modelling as a Lens onto the Real World, r(674) = .101, p < .01, suggesting that communication
may enable students to better connect mathematical concepts to real-world situations, leading to a more profound
understanding. As shown, communication and MCA on Variation at the Heart of Statistics was weakly positively
correlated as well, 1(674) = .133, p < .001, indicating high statistical significance. It suggests that effective
communication skills may actually enhance statistical skills especially in interpreting data and results. Through
practice workshops, written communication can foster these statistical skills. Engaging students in
communication techniques involving statistics allows scaffolding to improve it [84], [85]. This, in turn, improves
student's communication skills in explaining data interpretation and variations [86]. All in all, communication
help students develop deeper understanding, problem-solving skills, engagement, and supports peer learning
[87].

Self-Assessment on Collaboration. As shown in the table above, collaboration showed statistically
significant (p < .05) but generally weak to negligible positive relationships across all areas of the Minimum
Competency Assessment (MCA). Overall, this pattern suggests that students' self-assessed collaborative skills
are only weakly connected to their grasp of core mathematical concepts, with the most noticeable but modest
association appearing in basic numeracy, abstract thinking, and statistical variation.

Specifically, collaboration had a weak positive correlation with MCA scores in Numeracy Systems and
their Algebraic Properties, r(674) = .166, p <.001. This indicates that students who rate their collaborative skills
higher also tend to participate more actively in class; especially when asking for clarification, which relates to a
better understanding of basic numbers and algebra. Similarly, self-assessed collaboration showed a weak positive
correlation with Abstraction and Symbolic Representation, r(674) = .139, p < .001. This suggests that when
students work together to solve problems and discuss ideas, their performance reflects stronger reasoning with
abstract ideas and mathematical symbols. Supporting these findings, research shows that collaborative learning
works better than traditional lecture methods [88]. From a theoretical perspective, this aligns with Vygotsky’s
Social Constructivism and the Zone of Proximal Development, where working with peers and an adult;
particularly the teacher, acts as a support system that reduces mental strain during complex tasks [89].
Consequently, these interactions help students manage group dynamics better, boosting both individual
performance and overall problem-solving abilities [90], [91]. These peer interactions fit neatly into the PISA
Collaborative Problem Solving (CPS) framework, which focuses on how students build shared understanding
and create solutions together. Moreover, when students ask each other questions, it forces them to speak their
thoughts aloud and refine how they understand concepts. In turn, this improves their ability to calculate, read
dynamic graphs, build logical arguments, think abstractly about linear equations, and reason mathematically
[92]-[94].

On the other hand, collaboration had negligible positive correlations with Mathematical Structures and
Their Regularities, 1(674) = .087, p < .05, Functional Relationship Between Quantities, r(674) = .099, p < .05,
and Mathematical Modelling as Lens onto the Real World, r(674) = .097, p < .05. While, Variation at the Heart
of Statistics showed a weak positive correlation with collaboration, r(674) = .110, p < .01, implying that working
collaboratively helps students make meaningful group decisions and interpret data more effectively. These
findings suggest that collaboration may contribute to students' mathematical learning by providing opportunities
to engage in shared problem-solving, reasoning, and decision-making. In this regard, studies have shown that
collaborative skills, such as teamwork, enhance logical intelligence in problem-solving [95] and stimulate critical
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thinking in analyzing problems [96]. This relationship is further supported by the finding that contemporary
skills such as collaboration improve cognitive ability in logical analysis [97]. The value of collaborative learning
can also be observed in students' engagement with mathematical concepts and relationships. Peer inquiry-based
learning eventually enhances students' management skills in solving sets and domains [98], while students'
mathematical interactions enhance their ability to conceptualize mathematical relationships [99]. Moreover, the
collaborative learning approach is far more effective than conventional approaches in enhancing students' critical
thinking skills in identifying mathematical relationships [100]. These findings indicate that collaboration
provides students with opportunities to exchange ideas, examine different approaches, and construct
understanding through interaction with others. Such processes are particularly relevant when students are
required to address complex mathematical tasks [101], particularly in mathematical modelling tasks [102] and in
geometrical problem solving [103]. The role of collaboration is likewise evident in tasks that require students to
make decisions and interpret information. Studies have shown that when students work collaboratively, they tend
to develop more effective decision-making skills in addressing statistical problems [104] and provide a reliable
basis for data interpretation [105]. Thus, enhancing students' attitude towards statistics, especially in using
technology to learn statistics [106]. Taken together, these studies provide support for the observed relationships
between collaboration and the different areas of mathematical learning, particularly in problem-solving,
mathematical relationships, modelling, decision-making, and statistical interpretation.

Self-Assessment on Critical Thinking. The overall results of self-assessment on critical thinking
reveals a weak positive correlation across most MCA areas, particularly in abstraction, functional relationships,
and statistics. However, studies have shown that critical thinking skills such as focus, adaptive reasoning, and
strategic competency are beneficial in mathematics [35], [107]. Specifically, critical thinking was weakly
positively correlated with MCA on Numeracy Systems and their Algebraic Properties, r(674) = .109, p < .01,
indicating that critical thinking skills may serve as the foundational driver for mathematical problem-solving,
enabling students to navigate complex algebraic structures, identify errors, and execute logical solutions [108].
Reinforcing this finding, a study by Ovan et al. [109] offers concrete evidence as to how critical thinking skills in
algebraic problem solving are significantly enhanced through Problem-Based Learning (PBL) compared to
conventional instruction among middle school students. Furthermore, critical thinking and MCA on abstraction
and symbolic representations were also weakly positively correlated, r(674) = .151, p < .001, suggesting that
developing critical thinking enables students to analyze complex information, justify interpretations, and
deconstruct topics into simpler contexts [110]. On the other hand, critical thinking demonstrated a negligible
positive correlation with MCA on Mathematical Structures and their Regularities, 1(674) = .083, p < .05.
Nevertheless, it suggests that when students actively plan, monitor, and adapt their thinking strategies, they gain
deeper insight into numerical patterns, algorithmic structures, and complex topics like polynomial equations and
algebraic derivative functions [111] — [113]. In addition, critical thinking and MCA on Functional Relationship
Between Quantities were also weakly positively correlated, r(674) = .130, p < .001, indicating that critical
thinking approaches enhance student proficiency with functional relationships. Similarly, critical thinking and
MCA on Variation at the Heart of Statistics showed a weak positive correlation, r(674) = .131, p < .001,
supporting prior research indicating that critical thinking improves mathematical visualization and data
interpretation essential for statistical analysis, hypothesis testing, and relational reading [114].

In contrast, critical thinking and MCA on Mathematical Modelling as a Lens onto the Real World
showed no statistically significant relationship, r(674) = .060, p = .118, suggesting a potential disconnection
between critical thinking skills and real-world mathematical modeling problems.

To conclude, students' critical thinking skills are weakly aligned with their ability to comprehend
abstract concepts through symbolic reasoning, functional relationships (e.g., domain and range), and data
interpretation. Consequently, cognitive and problem-based learning approaches—rather than conventional
instruction alone—better support students through the mathematical problem-solving process [115], [116].

Self-Assessment on Creativity. Creativity demonstrated a weak positive correlation with Minimum
Competency Assessment (MCA) scores across five of the six mathematical domains. Specifically, creativity was
weakly positively correlated with MCA on Numeracy Systems and their Algebraic Properties, r(674) = .106, p <
.01, suggesting that creative thinking enhances overall performance in foundational numeracy and algebra.
Supporting this finding, research indicates that creative thinking improves fluency and flexibility when working
with algebraic expressions, such as linear equations [117], thereby helping students formulate original problems
using mathematical symbols [118].

Similarly, creativity showed a weak positive correlation with MCA on Abstraction and Symbolic
Representations, r(674) = .169, p < .001, indicating that creative skills assist students in mastering abstract
concepts and symbolic notation. As cited, students who have multiple representations and visualizations enhance
their ability to interpret abstract ideas efficiently [119]. A weak positive correlation was likewise observed with
MCA on Mathematical Structures and their Regularities, r(674) = .106, p < .01. Furthermore, creativity was
weakly positively correlated with MCA on Functional Relationships Between Quantities, 1(674) = .180, p <.001,
as well as MCA on Variation at the Heart of Statistics, r(674) = .120, p < .01, implying that creative skills
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enhance student proficiency in both functional analysis and statistical data interpretation. Engaging in creative
activities fosters logical reasoning and open-ended problem solving, equipping learners to decipher spatial
patterns and higher-order quantitative structures [120] — [122]. For this reason, spatial visualization develops
students' ability to analyze functions [123], as well as learning relationships of structures [124]. Studies have also
found that a mathematical creative self-efficacy strategy may be a factor in helping students with data analysis
[125] and that creativity may help in probing various possibilities of hypotheses and interpreting data from
different perspectives [126]. Furthermore, learning statistics and applying them with creative skills enhances the
ability to generate plausible decisions [127].

The sole exception to this trend was MCA on Mathematical Modelling as a Lens onto the Real World,
which exhibited only a negligible positive correlation with creativity, r(674) = .077, p < .05. Despite this weak
association, prior research emphasizes that spatial and creative visualization skills allow students to link data,
graphs, and physical objects [119], fostering analytical abilities that bridge abstract mathematical concepts and
real-world applications [128]. Most importantly, creativity plays an important role in mathematical learning by
encouraging students to generate and explore different approaches to mathematical problems [129].

While students' creative skills are weakly aligned with their performance in these competency areas,
cultivating creative self-efficacy and flexible learning methods remains vital for empowering students to analyze
symbolic representations and statistical data to make sound, well-reasoned decisions [127], [129].

Self-Assessment on Culture/Citizenship. Self-assessment on culture and citizenship demonstrated a
weak positive correlation with Minimum Competency Assessment (MCA) scores across five of the six
mathematical domains, yielding the overall strongest positive correlations among all evaluated non-cognitive
competencies. Specifically, culture and citizenship were weakly positively correlated with MCA on Numeracy
Systems and their Algebraic Properties, 1(674) = .134, p <.001, implying that a sense of cultural value and civic
engagement helps develop student performance in real-life numeracy and algebraic application. These findings
implies that culturally responsive mathematics teaching and ethnomathematics make abstract algebraic ideas
more meaningful by connecting them to students lived experiences [130] — [132], with local learning approaches
successfully applied to topics such as systems of linear equations and optimization [133], [134]. Similarly,
culture and citizenship showed a weak positive correlation with MCA on Abstraction and Symbolic
Representations, r(674) = .217, p <.001, indicating that culture-based learning makes abstract concepts and ideas
more relatable and understandable. A weak positive correlation was likewise observed with MCA on
Mathematical Structures and their Regularities, r1(674) = .104, p < .01, suggesting that a cultural approach allows
students to better appreciate mathematical patterns and structures. Culturally relevant pedagogy has been shown
to develop logical thinking and prepare learners for such complex mathematical ideas and group theory [135],
[136]. Furthermore, culture and citizenship were weakly positively correlated with MCA on Functional
Relationships Between Quantities, r(674) = .192, p < .001, as well as MCA on Variation at the Heart of
Statistics, 1(674) = .169, p < .001. These results indicate that incorporating realistic, culture-based education
enhances student understanding of functions and statistical analysis; demonstrating that multicultural
environments promote statistical literacy, data interpretation, and relational reasoning [137] —[139].

MCA on Mathematical Modelling as a Lens onto the Real World, exhibited a negligible positive
correlation with culture and citizenship, r(674) = .079, p < .05. Despite this weaker statistical relationship,
literature emphasizes that drawing from local experiences transforms students from passive recipients of
knowledge into active problem-solvers [140], [141]. Students are consistently more likely to understand
mathematical models when they can relate them directly to their own culture and real-life context [142] — [144].

In summary, self-assessment of culture and citizenship reveals a weak positive correlation across all six
MCA domains, reflecting its integral alignment with mathematical proficiency. These empirical findings closely
align with the framework of PISA, which views mathematical literacy not merely as knowing formulas, but as
the ability to reason, interpret, and apply mathematics in real-world contexts. Ultimately, rather than treating
culture as separate from mathematics learning, incorporating students' cultural values and local knowledge
serves as a vital foundation for developing comprehensive problem-solving, critical thinking, and mathematical
application skills [145] — [147].

Self-Assessment on Character. Self-assessment on character demonstrated a weak positive correlation
with Minimum Competency Assessment (MCA) scores across four of the six mathematical domains, while
showing no statistically significant relationship with the remaining two. Specifically, character was weakly
positively correlated with MCA on Numeracy Systems and their Algebraic Properties, r(674) = .147, p < .001,
indicating that character development may foster foundational skills in basic numeracy and algebra. Research
states that character development may not only improve the overall student engagement but also their
mathematical scores [148]. Research also demonstrates that certain character traits and positive attitudes
strengthen student engagement in numeracy [149], such as effort [150], perseverance and curiosity [151], while
motivation and focus support computational skills and algebraic achievement [145], [152]. Similarly, self-
assessment on character and MCA on Abstraction and Symbolic Representations were weakly positively
correlated, r(674) = .189, p < .001, indicating that abstract and logical reasoning are enhanced through character
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growth. According to literature, character education is associated with a deeper understanding of foundational
concepts [153] and greater perseverance [154]. Furthermore, character was weakly positively correlated with
MCA on Functional Relationships Between Quantities, r(674) = .119, p <.001, as well as MCA on Variation at
the Heart of Statistics, r(674) = .128, p < .001. These results suggest that character integration helps cultivate
problem-solving abilities [155] and logical-mathematical thinking [156] essential for analyzing functional
relationships and statistical data. Character education has been shown to develop students' kinesthetic, auditory,
and visual learning styles, which is beneficial in fostering statistical proficiency [157]. Integrating character
values education has also been shown to improve students' mathematical proficiency [158], suggesting that
embedding character development in the curriculum can enhance students' overall mathematical performance
and engagement [159]. On the contrary, without character education, mathematics anxiety arises alongside
students' impaired ability to engage in deliberate mathematical reasoning [160]. By this, students with low
mathematical intelligence do not use clear problem-solving strategies [161].

Character showed no statistically significant relationship with MCA on Mathematical Structures and
their Regularities, r(674) = .065, p = .090, nor with MCA on Mathematical Modelling as a Lens onto the Real
World, r(674) = .020, p = .604. These findings indicate that self-assessed character traits do not directly correlate
with performance in structural pattern recognition or real-world mathematical modeling. Nevertheless, prior
literature suggests that even when direct correlations are absent, character-building approaches can indirectly
support mathematical learning by encouraging a critical mindset toward structural relationships and real-world
problem-solving [162]. Through character improvement, students' interest is enhanced as they learn through
various mathematical concepts [163].

In conclusion, based on the correlation matrix of self-assessment traits and MCA domains, the data
show that most of all self-assessed 6 Cs competencies are positively correlated with the MCA mathematics
competencies, though the relationships are generally weak. Despite these, the consistent significance highlights
the potential role of 6 Cs in improving students' mathematical understanding. This finding underscores the
importance of holistic education approaches in fostering students' comprehensive mathematical understanding
and performance.

3.5. Predictors of Students’ Mathematics Proficiency

Based on Table 8, self-assessment in culture and citizenship has a considerable positive effect on
students' mathematics performance, = 0.19, p < .01, indicating a statistically significant result. On the contrary,
self-assessment in collaboration has a smaller impact (B = 0.08), although it is not significant, given that it is
close to the cut-off (p = 0.056). Thus, the entire model explains approximately 5.8% of the variance in overall
mathematics performance (R? = 0.058), with the significant annual testing indicating that the model as a whole is
a good fit.

Table 8. Regression Analysis for Variables Predicting Mathematical Proficiency

Variables B SE B B P
(Constant) 23.50 2.03 - <0.01
Self-Assessment on Collaboration 0.04 0.02 0.08 0.056
Sc?l'f-Asse§sment on Culture/ 0.27 0.06 0.19% <0.01
Citizenship

R’ .058

F 20.71*

<0.05 **p<0.01

From the coefficients, the following regression equation can be formulated:

6 C’s =23.50 +(0.27 x Self-assessment on Culture/Citizenship)

The equation above states that for every one-unit increase in the student's self-assessment of
culture/citizenship, their overall score on the 6 C's increases by approximately 0.27 points, starting from a value
of 23.50. Overall, mathematics proficiency can be developed through the approach of culturally responsive
pedagogy, as highlighted from the studies above, indicating that they are the best predictors of a student's
personal mathematics improvement. Studies have shown that integrating a culturally based approach into the
mathematics curriculum effectively enhances students' mathematical proficiency. In 21st-century learning, civic
education has proven effective across multiple disciplines, including mathematics, where it improves students'
practical application of conceptual understanding [164]. Similarly, students benefit from teachers who
demonstrate cultural competence, which fosters critical consciousness and supports overall mathematical
learning [165]. Furthermore, integrating culturally responsive pedagogies into classroom instruction and
embedding indigenous perspectives within teacher training yields consistently positive feedback [166].

The findings of this study offer important practical insights for educators, curriculum developers, and
academic policymakers seeking to enhance mathematical literacy through holistic instruction. By demonstrating
consistent positive relationships between students' non-cognitive competencies and their Minimum Competency
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Assessment (MCA) performance, this research reinforces the value of 6 Cs into the mathematics classroom.
Rather than treating non-cognitive skills as peripheral to academic learning, educators can utilize 6 Cs across
diverse topics such as algebra, functions, and statistical reasoning. Furthermore, because these non-cognitive
traits align closely with the real-world application goals of the PISA framework, embedding them into teacher
preparation programs and instructional designs equips learners with the persistence, critical consciousness, and
flexibility needed to navigate complex mathematical problems beyond the classroom.

Despite these meaningful contributions, several methodological and statistical limitations should be
considered when interpreting the findings. First, although the correlation and regression analyses revealed
statistically significant relationships across several domains, the overall effect sizes remained predominantly
weak. Specifically, the regression model accounted for only 5.8% of the variance in mathematical proficiency,
leaving over 94% of the variance unexplained and likely influenced by unmeasured factors such as prior
academic achievement, instructional quality, socioeconomic status, or mathematics anxiety. Second, while self-
assessed culture and citizenship emerged as a significant predictor, other non-cognitive traits including
collaboration, failed to achieve independent statistical significance in the multivariate model. Third, although the
sample size (N = 676) provided robust statistical power for regression testing, the data were gathered within
specific regional and institutional contexts, which may limit the direct generalizability of the results to broader
student populations. Finally, because the study utilized a cross-sectional design, the observed predictive
relationships cannot establish direct causality. Long-term longitudinal research is needed to determine whether
cultivating these non-cognitive competencies; especially Culture/Citizenship, leads to sustained improvements in
mathematical performance over time.

4. CONCLUSION

Researchers observe the lack of integration of region-specific skills in the mathematical educational
sector referred to as the self-assessed traits. Thus, this study looked for possible relationships between these traits
exhibited by the students of Digos City, Davao del Sur, and their performance in core areas of mathematical
competencies toward improving their general mathematical proficiency. This study highlights the dynamic
between students' self-assessed non-cognitive competencies and their demonstrated mathematical performance.
While learners generally report moderate to high proficiency across the 6 Cs; with Character and Collaboration
scoring highest, Critical Thinking yielded the lowest mean score, pointing to a key target for development
alongside communication and cultural awareness. Academically, students displayed solid foundational
capabilities in Numeracy Systems and Abstraction and Symbolic Representations. However, an overall average
mathematical proficiency score of 37.52% reveals a substantial deficit in real-world problem-solving and
mathematical modeling. Correlational analysis indicated that Abstraction and Symbolic Representations held the
strongest relationship with Critical thinking and Communication while self-assessed Culture/Citizenship
demonstrated the most consistent positive association across all competency domains. Crucially, multiple
regression identified Culture/Citizenship as the sole statistically significant predictor of mathematical
proficiency, underscoring the academic value of culturally grounded instruction.

Based on the findings, several recommendations are proposed to enhance high school students’
mathematical proficiency in Digos City. Students should be engaged in real-world mathematical problems
through problem-based learning, discovery learning, collaborative discussions, and mathematical modelling to
strengthen critical thinking, communication, metacognition, and complex problem-solving while addressing
individual learning needs. Teachers should receive training in culturally responsive pedagogy and the integration
of the 6Cs into mathematics instruction, classroom activities, and assessment practices. School divisions should
develop community-relevant tasks, embed the 6Cs and culturally responsive practices into the curriculum, and
strengthen the connection between foundational competencies and higher-order problem-solving. Educational
institutions should emphasize cultural and citizenship education in mathematics and utilize students’ self-
assessment data to guide personalized instruction and targeted interventions. Future researchers are encouraged
to examine the influence of cultural and citizenship backgrounds on mathematical proficiency and explore
innovative learning strategies aligned with 21st-century learning needs.
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