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Abstract: This study investigates the impact of various instructional strategies—Problem-Based 

Learning (PBL), Collaborative Learning, and Inquiry-Based Instruction—on enhancing critical thinking 

skills among primary school students in mathematics education. Through a mixed-methods approach, 

quantitative data were collected via pre- and post-assessment tests, while qualitative insights were gathered 

from classroom observations and student interviews. The results revealed significant improvements in 

students' critical thinking scores, particularly with Inquiry-Based Instruction, which showed the highest 

average gain of 25%. Qualitative findings indicated that students exhibited increased engagement, 

questioning skills, and self-reflection across all strategies. This study highlights the importance of integrating 

critical thinking strategies into mathematics curricula and provides practical recommendations for 

educators to foster a more interactive and effective learning environment. 
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INTRODUCTION 

Critical thinking is essential for building problem-solving skills, logical reasoning, and 

analytical abilities in students. Within primary school mathematics education, fostering 

critical thinking skills has emerged as a focal area of interest due to its profound impact on 

students' overall academic and cognitive development. Research underscores the 

importance of critical thinking in enabling students to approach mathematical challenges 

with an open, inquisitive mindset, allowing them to go beyond rote memorization to deep 

understanding. 

This paper aims to investigate practical methods for developing critical thinking 

through mathematics in primary education. Specifically, the focus is on methods that 

encourage students to question, hypothesize, and analyze, ultimately building foundational 

skills that will benefit them in mathematics and beyond. This study addresses the following 

research questions: 

1. What strategies are effective for developing critical thinking in primary school 

mathematics? 

2. How can these strategies be practically integrated into the mathematics 

curriculum? 

3. What are the observable outcomes when these strategies are implemented? 

Methods 

Research Design 

This study employs a mixed-methods design to explore and evaluate the effectiveness 

of selected strategies for fostering critical thinking in primary school mathematics classes. 
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By combining quantitative and qualitative data, the study aims to gain a comprehensive 

understanding of how these strategies impact student learning and engagement. 

Participants and Setting 

The study involves primary school students aged 7-10 from several local schools, with 

diverse backgrounds to ensure representative results. These participants were chosen to 

observe how critical thinking skills could be cultivated at different stages of cognitive and 

mathematical development. 

Procedure 

1. Selection of Strategies: Based on a review of existing literature on critical thinking in 

education, several instructional strategies were identified as potentially effective for 

developing critical thinking in young learners. These include: 

o Problem-based learning: Students are given open-ended problems that 

encourage them to explore different solutions and justify their reasoning. 

o Collaborative learning: Group activities where students work together on 

math problems, allowing them to verbalize their thinking processes and learn from peers. 

o Inquiry-based instruction: Students are encouraged to ask questions and 

engage in a structured process of inquiry to deepen understanding. 

2. Implementation: Each strategy was implemented over a four-week period in 

mathematics lessons. Teachers received training on how to apply these methods effectively, 

with an emphasis on encouraging students to think critically and justify their answers. 

3. Data Collection Methods: 

o Pre- and post-assessment tests: Quantitative data was collected through math 

assessments designed to measure changes in critical thinking skills. 

o Classroom Observations: Qualitative data was gathered by observing student 

behaviors, engagement levels, and interactions during lessons. 

o Student Interviews: Interviews were conducted to understand students’ 

perceptions of the learning process and their engagement with each strategy. 

Data Analysis 

• Quantitative Analysis: Scores from the pre- and post-assessments were statistically 

analyzed to determine any significant changes in critical thinking abilities. 

• Qualitative Analysis: Observation notes and interview responses were analyzed 

thematically to identify recurring patterns and insights related to students’ engagement and 

the development of critical thinking. 

Results 

Quantitative Results 

The pre- and post-assessment tests revealed statistically significant improvements in 

students’ ability to approach mathematical problems critically. Notably: 

1. Problem-Based Learning (PBL): Students exposed to problem-based learning 

showed an increase of 20% on average in their scores compared to the baseline. They 

demonstrated improved abilities to break down complex problems, identify multiple 

solutions, and justify their reasoning. 

2. Collaborative Learning: Collaborative learning resulted in a 15% improvement 

in students' critical thinking scores. Through group discussions, students not only 
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practiced explaining their thought processes but also learned alternative approaches from 

peers, indicating a broader understanding of mathematical concepts. 

3. Inquiry-Based Instruction: This approach yielded a 25% improvement, the 

highest among the methods. Students engaged in inquiry-based learning were more likely 

to ask questions, explore various problem-solving paths, and reflect on their solutions. 

Qualitative Results 

Observational data and interview feedback provided deeper insights into students’ 

engagement and development of critical thinking. Key findings include: 

1. Increased Engagement: Across all strategies, students showed high engagement 

levels. Observations highlighted that students were more attentive and eager to participate 

in problem-solving activities when given opportunities to explore and discuss. 

2. Growth in Questioning Skills: Inquiry-based instruction especially 

encouraged students to ask more questions. Students’ questions evolved from simple 

clarifications to deeper inquiries, reflecting higher-order thinking skills. 

3. Peer Learning Benefits: In collaborative settings, students exhibited improved 

confidence in discussing ideas openly. This not only reinforced their understanding of 

concepts but also fostered mutual respect and teamwork as they learned to consider and 

incorporate others’ ideas. 

4. Self-Reflection: Interviews indicated that students began to recognize the 

importance of thinking through problems independently and reflecting on their problem-

solving strategies. Many expressed a growing interest in understanding “why” and “how” in 

addition to “what” the answer was. 

Summary of Results 

Overall, the study demonstrates that integrating critical thinking strategies within 

mathematics instruction positively impacts students’ analytical and reasoning skills. 

Inquiry-based instruction emerged as the most effective strategy, with notable gains in 

critical thinking and engagement. 

Discussion 

The results of this study provide compelling evidence for the effectiveness of 

integrating critical thinking strategies into primary school mathematics education. The 

significant improvements observed in students' critical thinking abilities, particularly with 

inquiry-based instruction, align with existing literature emphasizing the role of active 

learning approaches in enhancing cognitive skills. 

Interpretation of Findings 

1. Problem-Based Learning (PBL): The increase in critical thinking scores among 

students exposed to PBL highlights the value of engaging students with real-world 

problems that require them to apply mathematical concepts creatively. This approach 

cultivates problem-solving skills and fosters a sense of ownership in the learning process. 

As noted by Smith and Jones (2018), problem-based learning empowers students to become 

active participants in their education, leading to deeper understanding and retention of 

mathematical principles. 

2. Collaborative Learning: The observed benefits of collaborative learning 

underscore the importance of social interaction in the learning process. Students' ability to 
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articulate their thoughts and learn from peers is crucial for developing critical thinking 

skills. Vygotsky's (1978) social constructivist theory supports this finding, suggesting that 

collaboration enhances cognitive development through dialogue and shared experiences. 

The classroom environment transformed into a community of learners, where students felt 

comfortable expressing their ideas and questioning one another. 

3. Inquiry-Based Instruction: The most significant improvements seen with 

inquiry-based instruction suggest that when students are encouraged to explore and 

question, they engage more deeply with mathematical content. This method aligns with 

best practices in education and resonates with the natural curiosity of young learners. 

Students' ability to ask insightful questions and engage in reflective thinking demonstrates 

a shift toward a more analytical mindset, which is essential for success in mathematics and 

other disciplines. 

Summary of Quantitative Results 

Table 1 summarizes the quantitative results from the pre- and post-assessment tests, 

showing the average percentage improvements in critical thinking scores for each 

instructional strategy: 

Table 1: Average Percentage Improvements in Critical Thinking Scores by 

Instructional Strategy [1] [3] [5] 

Instructional Strategy Pre-Assessment Score (%) Post-Assessment Score (%) Improvement (%) 

Problem-Based Learning (PBL) 65 85 20 

Collaborative Learning 70 85 15 

Inquiry-Based Instruction 60 85 25 

This table illustrates that inquiry-based instruction yielded the highest average 

improvement in critical thinking scores, suggesting its effectiveness in enhancing students’ 

analytical skills. 

Summary of Qualitative Findings 

Table 2 presents key qualitative findings from classroom observations and student 

interviews, reflecting students’ engagement and perceptions of each instructional strategy: 

Table 2: Qualitative Findings on Engagement and Perceptions of Instructional 

Strategies [2] [4] [8] 

Instructional Strategy 
Engagement 

Level 

Growth in Questioning 

Skills 

Peer Learning 

Benefits 

Self-

Reflection 

Problem-Based Learning 

(PBL) 
High Significant Moderate Increased 

Collaborative Learning High Moderate Significant Moderate 

Inquiry-Based Instruction Very High Significant High High 

The qualitative data highlights the strong engagement levels and growth in 

questioning skills across all strategies, particularly in inquiry-based instruction, where 

students demonstrated a high level of self-reflection and peer learning benefits. 

Implications for Teaching 

The findings from this study have several implications for mathematics educators and 

curriculum developers: 
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1. Curriculum Integration: Educators should strive to incorporate critical thinking 

strategies into their mathematics curriculum. This may involve redesigning lesson plans to 

include problem-based and inquiry-based learning opportunities, encouraging collaborative 

projects, and providing students with real-world contexts in which to apply mathematical 

concepts. 

2. Professional Development: Ongoing training for teachers on effective 

strategies for promoting critical thinking is crucial. Workshops and resources should focus 

on practical applications of these methods, as well as sharing best practices among 

educators. 

3. Assessment Practices: Traditional assessment methods may not adequately 

capture students' critical thinking abilities. Educators should consider alternative 

assessment strategies that emphasize reasoning processes, such as portfolios, presentations, 

and peer evaluations, to provide a more comprehensive picture of student learning. 

Conclusion 

This study underscores the significance of fostering critical thinking in primary school 

mathematics education through targeted instructional strategies. The integration of 

problem-based, collaborative, and inquiry-based approaches not only enhances students' 

critical thinking skills but also promotes a more engaging and interactive learning 

environment. By equipping young learners with the tools to think critically, we can better 

prepare them for the challenges of the future. 
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