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ABSTRACT: This study examined the specific aspects of critical 
thinking skills improved through mathematical modeling among 

college students at Apayao State College during the School Year 2025–
2026. The research utilized a quantitative descriptive research design 

involving 36 first-year Bachelor of Secondary Education students 
enrolled in Mathematics in the Modern World. Data were gathered 

using an adapted Critical Thinking Skills Questionnaire (CTSQ) and 
analyzed using weighted mean and rank. The findings revealed that 

mathematical modeling significantly enhanced several aspects of 

critical thinking skills among students. The highest-rated aspect was the 
opportunity to consider different viewpoints and improve problem-

solving skills, followed by logical reasoning during collaborative 
problem-solving activities. Reflective thinking, communication skills, 

and decision-making abilities were also improved through 
mathematical modeling activities. The findings suggest that 

mathematical modeling promotes active learning, analytical thinking, 
collaboration, and reflective judgment among college students. The 

study concludes that mathematical modeling is an effective 

instructional approach for developing higher-order thinking skills 
necessary for academic success and real-life problem-solving. 
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INTRODUCTION 

The development of critical thinking skills has become one of the major goals of modern education 
due to the increasing demands of the 21st-century learning environment. Educational institutions 

are expected to produce learners who are capable of analyzing situations, solving problems, making 
sound decisions, and communicating ideas effectively. Critical thinking is considered an essential 

skill that enables students to become independent learners and responsible decision-makers in 
academic and real-life situations. In mathematics education, critical thinking skills are necessary 

because students are expected to interpret information, evaluate solutions, and apply logical 

reasoning to solve complex problems. 

Mathematical modeling has emerged as an effective instructional strategy that allows students to 

connect mathematical concepts to real-life experiences. Mathematical modeling refers to the process 
of representing real-world situations using mathematical concepts, equations, diagrams, and logical 

relationships to analyze and solve problems. Through mathematical modeling activities, learners 
engage in the exploration, analysis, interpretation, and evaluation of situations that require critical 

and analytical thinking. 

Several studies have emphasized that mathematical modeling strengthens higher-order thinking 

skills because students are exposed to authentic and contextualized learning experiences. Blum and 

Borromeo Ferri (2009) explained that mathematical modeling encourages learners to think critically 
by allowing them to analyze assumptions, evaluate data, and formulate logical conclusions. Similarly, 

English (2016) emphasized that modeling activities improve problem-solving skills and analytical 
reasoning because students actively participate in inquiry-based learning. Niss and Blum (2020) 

further stated that mathematical modeling supports meaningful learning by allowing students to 
apply mathematics to real-world contexts. 

Constructivist learning theory supports the use of mathematical modeling in mathematics 
instruction. According to Piaget (1954) and Vygotsky (1978), learners construct knowledge through 

active participation, collaboration, and interaction with meaningful experiences. Lave and Wenger 

(1991) also emphasized that learning occurs effectively through situated and collaborative 
experiences. Mathematical modeling activities provide opportunities for learners to work 

collaboratively, communicate ideas, and reflect on their reasoning processes. As students engage in 
collaborative problem-solving tasks, they develop communication, reasoning, and reflective thinking 

skills. 

Recent studies also highlighted the importance of mathematical modeling in developing students’ 

competencies in mathematics education. Cevikbas et al. (2022) explained that mathematical 
modeling enhances students’ modeling competencies, analytical reasoning, and critical thinking 

abilities. Likewise, Jung and Magiera (2023) emphasized that mathematical modeling and problem-

posing activities encourage learners to examine social and real-world issues critically. 

In the Philippine educational setting, curriculum reforms emphasize learner-centered instruction 

and the development of higher-order thinking skills. The Department of Education (2023) 
continuously encourages the integration of contextualized and inquiry-based learning approaches to 
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improve students’ mathematical understanding and critical thinking skills. Vistro-Yu et al. (2025) 

further noted that problem-posing and contextualized mathematical activities improve learners’ 
engagement and reasoning abilities in Philippine mathematics classrooms. Despite these efforts, 

many college students still struggle to demonstrate strong analytical reasoning and decision-making 
skills in mathematics. 

Although several studies explored the relationship between mathematical modeling and academic 
performance, limited studies specifically examined the aspects of critical thinking skills improved 

through mathematical modeling among college students. Hence, this study was conducted to identify 

the specific critical thinking skills enhanced through mathematical modeling activities. 

 

 

METHODOLOGY 

This study utilized a quantitative descriptive research design to determine the specific aspects of 
critical thinking skills improved through mathematical modeling. Descriptive research design was 

considered appropriate because it focused on describing and analyzing the students’ perceptions 
regarding the enhancement of their critical thinking skills after exposure to mathematical modeling 

activities. According to Creswell and Creswell (2018), descriptive research is appropriate for 

identifying trends, perceptions, and relationships among variables within a specific population. 

The study was conducted at Apayao State College located in San Isidro Sur, Luna, Apayao. The 

institution offers various degree programs and promotes innovative and learner-centered 
instructional approaches. 

The respondents of the study were the 36 first-year Bachelor of Secondary Education students 
enrolled in Mathematics in the Modern World during the School Year 2025–2026. The respondents 

consisted of 9 male students and 27 female students. 

The study utilized an adapted Critical Thinking Skills Questionnaire (CTSQ) based on the California 

Critical Thinking Skills Test (CCTST). The instrument measured different aspects of critical thinking 

skills, including problem-solving, logical reasoning, communication, reflective thinking, and decision-
making. The questionnaire used a five-point Likert scale ranging from 1 (Strongly Disagree) to 5 

(Strongly Agree). 

The researcher secured permission from the appropriate school authorities before conducting the 

study. After obtaining approval, the researcher administered the mathematical modeling 
intervention to the respondents during their mathematics classes. Following the intervention, the 

adapted Critical Thinking Skills Questionnaire was administered to gather data regarding the 
students’ perceptions of the critical thinking skills improved through mathematical modeling. 

The collected responses were tallied, encoded, and organized for statistical analysis. Ethical 

considerations such as voluntary participation, confidentiality, and proper handling of data were 
strictly observed throughout the study. 
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Weighted mean and rank were utilized to determine the specific aspects of critical thinking skills 

improved through mathematical modeling. 

 

 

 

 

 

 

RESULTS 

Table 1 

Specific Aspects of Critical Thinking Skills Improved Through Mathematical Modeling 

Aspects Mean Rank 

Mathematical modeling provides opportunities for me to consider different viewpoints and 
improve my problem-solving skills. 

4.6    1 

I enjoy solving problems in group settings by applying logical reasoning. 4.3 2 

I tend to question my own reasoning to make sure I am not overlooking important factors. 4.2 3 

Using mathematical modeling helped me improve my ability to communicate and justify my 
ideas logically. 

4.1 4 

I seek to understand the underlying causes of problems before proposing solutions. 4.0 5 

 

The findings revealed that the statement “Mathematical modeling provides opportunities for me to 

consider different viewpoints and improve my problem-solving skills” obtained the highest mean of 
4.6 and ranked first. This indicates that students strongly agreed that mathematical modeling 

improved their problem-solving skills and encouraged them to examine situations from different 

perspectives. This finding supports the study of Blum and Borromeo Ferri (2009), who emphasized 
that mathematical modeling promotes analytical thinking and problem-solving through real-world 

applications. 

The statement “I enjoy solving problems in group settings by applying logical reasoning” ranked 

second with a mean of 4.3, indicating that mathematical modeling strengthened students’ logical 
reasoning abilities through collaborative learning experiences. This result aligns with the 

constructivist perspective of Vygotsky (1978), which highlights the importance of social interaction 
and collaboration in developing higher-order thinking skills. 
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The statement “I tend to question my own reasoning to make sure I am not overlooking important 

factors” obtained a mean of 4.2 and ranked third, suggesting improvement in reflective thinking 
skills. This finding is consistent with Facione (1990), who identified self-regulation and reflective 

judgment as important components of critical thinking. 

Meanwhile, the statement “Using mathematical modeling helped me improve my ability to 

communicate and justify my ideas logically” ranked fourth with a mean of 4.1, indicating that 
students developed better communication and reasoning skills during mathematical modeling 

activities. This supports the findings of Stillman and Brown (2019), who explained that mathematical 

modeling enhances students’ communication and collaborative competencies. 

Lastly, the statement “I seek to understand the underlying causes of problems before proposing 

solutions” ranked fifth with a mean of 4.0, indicating improvement in students’ decision-making and 
analytical thinking skills. This finding agrees with Zhang and Cai (2021), who emphasized that 

mathematical modeling and problem-posing activities develop learners’ analytical reasoning and 
evidence-based decision-making abilities. 

Overall, the findings suggest that mathematical modeling effectively enhanced several aspects of 
critical thinking skills among college students. The results further support the studies of Cevikbas et 

al. (2022) and Niss and Blum (2020), which emphasized that mathematical modeling develops 

higher-order thinking skills, reasoning abilities, and real-world problem-solving competencies 
among learners. 

DISCUSSION 

The results of the study demonstrated that mathematical modeling significantly improved students’ 

critical thinking skills, particularly in problem-solving and logical reasoning. Students perceived that 
mathematical modeling activities provided opportunities to analyze problems from different 

perspectives and apply logical reasoning in collaborative settings. 

The improvement in problem-solving skills supports the findings of Facione (1990), who emphasized 

that critical thinking involves interpretation, analysis, evaluation, and inference. Mathematical 

modeling activities require students to identify variables, formulate assumptions, analyze data, and 
evaluate possible solutions, thereby strengthening these cognitive processes. 

The findings also support the constructivist learning theory of Piaget (1954) and Vygotsky (1978), 
which explains that learners actively construct knowledge through meaningful experiences and 

social interaction. Through collaborative mathematical modeling activities, students were able to 
exchange ideas, justify reasoning, and evaluate solutions together. This collaborative environment 

contributed to the enhancement of logical reasoning and communication skills. 

Furthermore, the improvement in reflective thinking suggests that mathematical modeling 

encourages students to examine and evaluate their own reasoning processes. Reflective thinking is 

an important component of critical thinking because it allows learners to assess the validity of their 
decisions and identify areas for improvement. 
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The study also revealed improvement in communication skills, particularly in students’ ability to 

explain and justify mathematical ideas logically. This finding is consistent with the study of Stillman 
and Brown (2019), which highlighted that mathematical modeling develops communication and 

collaborative skills because students engage in discussion, explanation, and presentation of ideas. 
Brown and Stillman (2017) further explained that mathematical modeling helps learners connect 

mathematics with real-life experiences, thereby improving conceptual understanding and 
communication abilities. 

Additionally, the improvement in decision-making skills indicates that mathematical modeling helps 

students understand the underlying causes of problems before making conclusions. This finding 
supports inquiry-based learning approaches that encourage learners to investigate situations 

critically and formulate evidence-based solutions. Zhang and Cai (2021) emphasized that problem-
posing and modeling activities enhance learners’ reasoning and decision-making abilities through 

analytical investigation. 

Moreover, Kaiser and Blum (2007) explained that mathematical modeling develops learners’ 

capacity to analyze real-world situations critically and apply mathematical thinking to practical 
problems. Borromeo Ferri (2018) also emphasized that mathematical modeling supports meaningful 

and reflective learning experiences that improve higher-order thinking skills among students. 

Overall, the findings imply that mathematical modeling is an effective instructional approach for 
developing higher-order thinking skills among college students. 

 

CONCLUSION 

Based on the findings of the study, mathematical modeling significantly improved several aspects of 
critical thinking skills among college students. The most improved aspect was problem-solving 

skills, followed by logical reasoning, reflective thinking, communication skills, and decision-making 
abilities. The findings indicate that mathematical modeling provides meaningful and collaborative 

learning experiences that enhance students’ analytical and reflective thinking. 

The study further concludes that mathematical modeling supports constructivist and inquiry-based 
learning by encouraging active participation, collaboration, and contextualized learning. Through 

mathematical modeling activities, students become more capable of analyzing situations, evaluating 
information, communicating ideas logically, and making sound decisions. 

Therefore, mathematical modeling may be considered an effective instructional strategy for 
promoting critical thinking skills in mathematics education. 
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