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ABSTRACT

	This study examined the link between critical thinking skills and mathematics performance among students in a teacher education program using a descriptive‑correlational design. A total of 106 respondents participated through a structured survey. Results showed that most students had average to high levels of critical thinking, while only a few scored low. In terms of mathematics, many students performed at a good level, with some attaining superior performance. Correlation analysis confirmed a significant relationship between critical thinking and mathematics performance. Regression analysis further indicated that critical thinking skills significantly influence mathematics performance. These findings point to the importance of strengthening critical thinking as a pathway to better mathematics achievement.
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1. INTRODUCTION 

Mathematics plays a vital role in students’ academic success and everyday life because it builds logical reasoning, problem‑solving skills, and analytical thinking (Creswell et al., 2020; Miranda, 2022). Yet, it is often considered one of the most difficult subjects, especially for future teachers who must later guide learners in this field (Putri et al., 2025). Learning mathematics is not only about producing correct answers—it also cultivates critical thinking. Such thinking involves reasoning clearly, solving problems effectively, and making sound decisions (Er, 2024). For teacher education students, both strong mathematics performance and well‑developed thinking skills are essential, as they will influence their future teaching. Understanding the connection between mathematics performance and critical thinking is therefore important for improving educational outcomes (Ball et al., 2008; Adlawon et al., 2022).
Critical thinking has been described as purposeful and self‑regulated judgment that includes interpretation, analysis, evaluation, and inference (Facione, 1990). It combines cognitive skills with the willingness to apply them. Research shows that students with stronger critical thinking skills often perform better in challenging subjects such as mathematics (Ennis, 2011; Agtarap & Miranda, 2022). This suggests that critical thinking can be a key factor in understanding and applying mathematical concepts.

In higher education, critical thinking is frequently linked to better academic results across different fields. Writing‑based interventions, for example, have been shown to improve critical thinking by encouraging students to analyze and infer more effectively (Quitadamo et al., 2007). This indicates that teaching methods designed to foster critical thinking can positively affect students’ overall learning. A recent review by Wang and Abdullah (2024) also noted the role of mathematics in developing critical thinking, since mathematical tasks require reasoning, interpretation, and the validation of arguments.
Several studies emphasize the value of embedding critical thinking in mathematics education to prepare students for complex, real‑world problem‑solving. Suryawan et al. (2023), for instance, reported that problem‑based learning (PBL) can significantly enhance students’ critical thinking, especially when combined with digital learning tools that promote engagement and reasoning. Similarly, Sachdeva and Eggen (2021) found that when learners reflect critically on their own beliefs about mathematics, they gain a deeper perspective on their learning process. This not only strengthens mathematical understanding but also helps students make informed educational choices (Sabanal et al., 2023).
Despite this growing recognition, few studies have directly examined how critical thinking influences mathematics performance among college students. Much of the existing research has treated the two separately. This creates a pressing need to establish clearer evidence, particularly in the context of teacher education programs in the Philippines where graduates are expected to demonstrate both content mastery and higher‑order thinking. Previous research has noted the lack of integration between cognitive skills like critical thinking and subject performance in local settings (Miranda, 2022; Adlawon et al., 2022). International studies also highlight that teacher preparation programs often overlook the explicit connection between critical thinking and disciplinary performance (Wang & Abdullah, 2024; Suryawan et al., 2023). Preparing future teachers who can adapt to 21st‑century demands is essential, and the study is also important in light of ongoing educational reforms that prioritize outcomes‑based education and the development of life‑long learning skills (Ball et al., 2008; Quitadamo et al., 2007). This study addresses that gap by investigating their relationship, using the Critical Thinking Questionnaire (CThQ) as a reliable measure.
By exploring this link, the study aims to provide insights that can guide educators in creating strategies to strengthen students’ critical thinking, thereby improving their mathematics performance. Better understanding of these connections may lead to more effective teaching practices and support systems for students who face difficulties in mathematics (Mariano et al., 2022).

2. material and methods 

2.1 Research Design
This study used a descriptive‑correlational design. This approach describes variables and examines how they are related in a natural setting. It is common in quantitative research that involves larger groups of participants (Creswell, 2014). The purpose here was to identify the level of students’ critical thinking and to examine its relationship with their mathematics performance during the first semester of School Year 2024–2025. Data were gathered through a survey using a questionnaire on critical thinking. 

2.2 Research Instrument
The instrument used was the Critical Thinking Questionnaire (CThQ), a tool developed by Kobylarek et al. (2022). It was designed to assess critical thinking in both adolescents and adults. Its development drew on Bloom’s educational objectives and included expert input. The tool has 25 items measuring remembering, understanding, applying, analyzing, evaluating, and creating. It has strong internal consistency, with a composite reliability of 0.877. Skorková and Gažová‑Adamková (2024) also reported its effectiveness in evaluating critical thinking among university students in different contexts.
Students’ mathematics performance was measured using their final grades in the course Mathematics in the Modern World, obtained from the subject instructors.

2.3 Respondents of the Study
The respondents of the study were first‑year students from five teacher education programs of a State College in Davao Region. A stratified random sampling technique was applied because it ensured that all programs were fairly represented in the study, making the results more reliable. Using Slovin’s formula, the computed sample size was 106 out of a total population of 145 students. This sample was judged adequate to provide a sound basis for statistical analysis. The final distribution of respondents is presented in Table 1.


Table 1. The Distribution of Respondents
	PROGRAM

	POPULATION
(N)
	SAMPLE SIZE
(n)
	PERCENTAGE
(%)

	1
	21
	15
	14.48

	2
	30
	22
	20.69

	3
	28
	21
	19.31

	4
	33
	24
	22.76

	5
	33
	24
	22.76

	Total:
	145
	106
	100.00



2.4 Data Gathering
A formal request letter was sent to the Dean of the Institute of Teacher Education and Information Technology to ask permission to conduct the study with a random sample of first‑year students. Data were collected using the adopted questionnaire. The questionnaires were handed directly to the students, and the researchers supervised the process to ensure it was done correctly. Before answering, participants were oriented on the purpose of the study, its objectives, and the assurance of confidentiality. They were told that participation was voluntary and anonymous. Consent was obtained for the use of their grades in Mathematics in the Modern World. Participants were also informed that they could withdraw from the study at any time without penalty.

After completion, the questionnaires were gathered and kept confidential. Responses were tallied, organized, and entered into tables for analysis. Statistical methods and software tools were then used to interpret the results and present them in a clear way.
	
2.5 Statistical Analysis
	The data collected were tallied, organized, and encoded in SPSS for analysis. Descriptive statistics such as frequency, percentage, mean, and standard deviation were used to describe the students’ levels of critical thinking and their mathematics performance. Pearson product‑moment correlation was employed to test the relationship between critical thinking and mathematics performance. To further assess the predictive power of critical thinking on mathematics performance, regression analysis was carried out. Results were presented in tables to clearly show the findings of the study.

3. results and discussion

	The findings in Table 2 present the students’ level of critical thinking across six cognitive domains: remembering, understanding, applying, analyzing, evaluating, and creating. The assessment followed the framework of Kobylarek et al. (2022). Overall, the majority of students (56.60%) fell in the average category, while 41.51% reached a high level, and only 1.89% were at a low level. This distribution suggests that many teacher education students can handle basic analysis, evaluation, and problem‑solving, but fewer demonstrate consistent advanced reasoning, creativity, or reflective judgment. The predominance of average levels highlights the need for teacher education programs to embed critical thinking more deliberately in the curriculum through reflective practices, inquiry‑based learning, and classroom simulations (Tiruneh et al., 2017). The sizeable group with high‑level skills (41.51%) shows promise, as students with strong critical thinking are able to analyze complex issues, evaluate evidence, and make reasoned decisions—competencies vital in preparing future teachers (Zohar et al., 2003; Paul & Elder, 2014). The small portion at the low level (1.89%) is a concern, since educators with limited critical thinking may resist new teaching strategies, limiting both their own professional growth and their ability to foster these skills in learners (Saavedra & Opfer, 2012).


3.1 Remembering

In the Remembering domain, 45.28% of respondents (48 students) achieved a high level. These students can recall important information, apply prior knowledge, and repeat key points after reading texts (Kobylarek et al., 2022). Half of the respondents (50%) scored at the average level, suggesting they can recall or recognize information but may lack consistency across tasks (Anderson et al., 2001). A small group (4.72%) fell into the low level, indicating difficulties in retaining essential information. Weak performance here may hinder the development of higher‑order thinking and problem‑solving (Muhayimana et al., 2022).

3.2 Understanding

In Understanding, 27.36% of respondents were at a high level, showing strong ability to interpret information, paraphrase texts, and compare viewpoints (Kobylarek et al., 2022). Most students (66.98%) were in the average level, indicating a capacity for comprehension but with limited depth (Muhayimana et al., 2022). Only 5.66% were in the low category, suggesting difficulties in interpreting or making sense of information.

3.3 Applying

The majority of students (65.09%) achieved a high level in Applying. These learners are able to verify information, share new knowledge, and apply it in daily life situations (Kobylarek et al., 2022). About one‑third (32.08%) were in the average group, suggesting competence in routine applications but some struggle with novel or complex tasks (Anderson et al., 2001). Weakness in application can limit problem‑solving and long‑term success (Galbraith, 2013; Benson O’Connor et al., 2019). A small fraction (2.83%) scored low, indicating challenges in transferring learning to practical contexts, which may hinder both academic and professional growth (Darling‑Hammond et al., 2008).

3.4 Analyzing

For Analyzing, 40.57% of respondents were at a high level, showing strength in examining relationships and dependencies (Kobylarek et al., 2022). A majority (57.55%) were at the average level, indicating ability to identify problems and consider causes but limited capacity to integrate complex ideas (Paul & Elder, 2014). Only 1.89% were at the low level, suggesting minimal ability to evaluate the logic of arguments or detect inconsistencies. Students with weak analyzing skills may struggle in subjects that require diagnostic reasoning (Facione, 2011).

3.5 Evaluating

Evaluation emerged as the strongest domain, with 76.42% of respondents (81 students) achieving a high level. These learners can assess and verify information using multiple sources (Kobylarek et al., 2022). About 21.70% were in the average category, able to make judgments but with limited depth or consistency (Anderson et al., 2001). Only 1.89% scored low, indicating a tendency to accept information at face value, which may increase vulnerability to misinformation (Facione, 2011; Paul & Elder, 2014).

3.6 Creating

In the Creating domain, 28.30% of respondents were at a high level, demonstrating the ability to generate structures, combine ideas, and create new outputs (Kobylarek et al., 2022). Most respondents (69.81%) were at the average level, able to produce ideas but lacking refinement or depth (Brookhart, 2010). A small group (5.66%) scored low, showing difficulty in developing original ideas or synthesizing knowledge. Limited creative thinking may restrict students’ readiness for careers in innovation‑driven fields (World Economic Forum, 2020). Recent findings also suggest that mathematical creativity self-efficacy plays an important role, as students with stronger confidence in their creative ability are more likely to use flexible strategies and produce innovative solutions (Mangal et al., 2025).

Table 2: The Respondents’ Descriptive Result of Critical Thinking
	DOMAIN
	LOW LEVEL
	AVERAGE LEVEL
	HIGH LEVEL
	TOTAL

	Remembering
(%)
	5
(4.72)
	53
(50.00)
	48
(45.28)
	106
(100.00)

	Understanding
(%)
	6
(5.66)
	71
(66.98)
	29
(27.36)
	106
(100.00)

	Applying
(%)
	3
(2.83)
	34
(32.08)
	69
(65.09)
	106
(100.00)

	Analyzing
(%)
	2
(1.89)
	61
(57.55)
	43
(40.57)
	106
(100.00)

	Evaluating
(%)
	2
(1.89)
	23
(21.70)
	81
(76.42)
	106
(100.00)

	Creating
(%)
	2
(1.89)
	74
(69.81)
	30
(28.30)
	106
(100.00)

	Overall Score
(%)
	2
(1.89)
	60
(56.60)
	44
(41.51)
	106
(100.00)


n=106; %=100; Mean=3.60; SD=0.354

Taken together, the results show that most students in teacher education programs are developing their critical thinking skills at an average level, with strengths in areas like evaluating and applying, but weaker performance in creating and remembering. This pattern suggests that while students can handle analysis and judgment, they need more support to nurture creativity and long‑term recall. For teacher education, this means preparing future teachers not only to master content but also to model higher‑order thinking for their own learners. Integrating more problem‑based tasks, reflective activities, and opportunities for innovation in the curriculum could help raise these skills to a higher level. By doing so, teacher candidates will be better equipped to guide their future students in becoming thoughtful, reflective, and adaptive learners.

3.7 Teacher Education Program Students’ Mathematics Performance

	The students’ mathematics performance is shown in Table 3. More than half of the respondents (56 students or 52.83%) were at the “good” level, meaning they had gained the important knowledge and skills needed in mathematics. Only a few (3 students or 2.83%) reached the “superior” level, showing that they went beyond the basics and showed stronger understanding and ability. The overall mean grade was 2.32, which is described as “very good,” with a standard deviation of 0.354. This result means that most students had a solid grasp of basic ideas, but many still found it hard to reach higher levels of performance.

	Other studies also reported similar results. Lumoto et al. (2024), Adlawon et al. (2022), and Roman et al. (2019) noted that college students usually perform at a “very good” level in Mathematics in the Modern World. Sabanal et al. (2023) explained that even when students who perform well are grouped with those who struggle, some still find it hard to cope with assessments. Langoban (2020) added that many students dislike mathematics, which supports the common view of the subject as difficult. This shows the need for teaching approaches that adjust to different kinds of learners (Cabeserano, 2025). Recent research also points to the role of motivation and coping strategies in sustaining performance, with motivational strategies (Baclay et al., 2025) and coping mechanisms (Cortez et al., 2025) helping students perform better. These findings suggest that while many students do well in mathematics, their progress is shaped not only by skills but also by attitudes, support systems, and learning conditions. For teacher education, this means it is important to build both mathematical skills and positive attitudes toward learning mathematics.

Table 3: The Respondents’ Level of Mathematics Performance
	RANGE OF
SCORES
	DESCRIPTIVE
LEVEL
	FREQUENCY
(f)
	PERCENTAGE
(%)

	1.00 - 1.50
	Superior
	3
	2.83

	1.51 - 2.00
	Very Good
	26
	24.53

	2.01 - 2.50
	Good
	56
	52.83

	2.51 - 3.00
	Fair
	21
	19.82


n=106; %=100; Mean=2.32; SD=0.354


3.8 Correlation Between Critical Thinking and Mathematics Performance

The results show a significant low positive correlation was found with r equal to 0.267 and p equal to 0.0057 between critical thinking and mathematics performance. This means that as students’ critical thinking improves, their ability to succeed in mathematics also increases. Although the strength of the relationship is low, it is meaningful because it highlights that developing thinking skills can still make a difference in students’ performance. For teacher education students, this finding suggests that building stronger reasoning and problem-solving abilities may help them perform better in mathematics, which is vital as they prepare to become future teachers.

This result supports the work of Khaing and Thein (2018), who also reported that critical thinking directly influences math achievement. It is also consistent with studies on mathematical curiosity (Caliosan et al., 2025) and metacognitive knowledge (Tuburan et al., 2025), both showing that cognitive and affective factors contribute to mathematics performance. Together, these studies show that critical thinking does not stand alone; it works alongside curiosity, self-regulation, and other learning traits that shape how well students learn mathematics.

Table 4. The Relationship Between the Students’ Critical Thinking Skills and Mathematics Performance
	VARIABLES
	r-VALUE
	DESCRIPTION
	p-VALUE

	Critical Thinking Skills
	0.267
	Low Correlation
	0.0057
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3.9 Regression Analysis of Students’ Critical Thinking Skills and Mathematics Performance

	Table 5 presents the regression analysis of critical thinking skills as a predictor of mathematics performance. The regression results show that critical thinking has a significant effect on mathematics performance, with β equal to –0.2246 and p equal to 0.0057. The model explains 7.10% of the variance, which may seem small, but it is still worth noting because education research often deals with outcomes shaped by many overlapping factors. Even modest contributions like this matter, especially when they point to skills such as critical thinking that can be directly taught and developed. This means that students with stronger critical thinking skills are more likely to perform better in mathematics. For teacher education students, this highlights the value of training that develops both content knowledge and thinking skills.

The negative sign of the coefficient is explained by the grading system used, where lower scores mean better performance. Thus, higher critical thinking is linked with stronger mathematics achievement. These results agree with earlier studies pointing out that many factors shape mathematics performance. Critical thinking is one part of the picture, but other influences such as technology in teaching (Ifenthaler et al., 2020), growth mindset (Boaler, 2016), differentiated instruction (Suprayogi et al., 2017), peer collaboration (Gillies, 2016), and teacher preparation (Darling-Hammond et al., 2017) also play important roles. Jumangit and Miranda (2025) found that motivation helps link mindset to performance, while Bueno and Miranda (2024) showed that emotional stability helps students manage stress. Micutuan et al. (2025) also noted that fear of failure can lead to procrastination, which affects learning. These studies support the idea that improving mathematics performance requires a broad approach that goes beyond critical thinking alone. 


Table 5.  Regression Analysis of Students’ Critical Thinking Skills and Mathematics Performance
	Variable
	Unstandardized Coefficients
	p-value
	Interpretation

	(Constant)
	3.124
	< 0.001
	Significant

	Critical Thinking Skills
	-0.2246
	<0.006
	Significant


 


4. Conclusion AND RECOMMENDATIONS

4.1 Conclusion
	From the results of this study, several key points can be drawn:
1. Most students were at an average to high level of critical thinking, with only a few at a low level. This shows that while many already demonstrate basic and advanced thinking skills, there is room to further strengthen their ability to reason, reflect, and create.
2. Mathematics performance was mostly at the “good” level, with only a few students reaching “superior.” This suggests that students have acquired essential mathematical skills but need more support and opportunities to move toward higher achievement.
3. A significant positive correlation was found between critical thinking and mathematics performance. This means that as students’ critical thinking improves, their ability to succeed in mathematics also increases.
4. Regression results confirmed that critical thinking influences mathematics performance, though it explained only 7.10% of the variance. This highlights that while critical thinking matters, many other factors also shape students’ achievement in mathematics.

	The study shows that teacher education students are on the right path, but more work is needed to help them grow stronger in both critical thinking and mathematics. These findings remind us that education should not only focus on knowledge but also on building thinking skills that prepare future teachers to guide the next generation.

4.2 Recommendations
1. Schools and educators shall enrich teaching with strategies that promote critical thinking—such as problem‑solving tasks, reflective discussions, and open‑ended activities. This may help students move from average toward higher levels of thinking, while also supporting those at the lower end.
2. To help students progress beyond the “good” level in mathematics, teachers may design challenging and engaging lessons. Differentiated instruction, higher‑order problem‑solving, and opportunities for exploration shall encourage students to reach “very good” and “superior” levels.
3. Since critical thinking and mathematics performance are significantly related, educators shall consider integrating critical thinking into mathematics instruction. Approaches like inquiry‑based learning, real‑world applications, and collaborative work may make learning more meaningful and improve results.
4. While critical thinking explained part of the variance in math performance, other influences are also important. Schools may adopt a broader approach that includes technology use, growth mindset, peer learning, and continuous teacher development to address different aspects of learning.
5. Future research may look into these other factors and explore how they work together with critical thinking. This shall provide deeper insights and guide more comprehensive interventions to improve students’ learning outcomes.

	Supporting both critical thinking and mathematics performance is important for preparing capable and confident future teachers. By doing so, teacher education programs may better equip their students to inspire and guide the learners they will one day serve.
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