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ABSTRACT
This study investigated the effects of Case-Based Cooperative Learning (CBCL) on the academic achievement of primary school pupils in mathematics in Bui Division. Guided by one general and five specific objectives, the study compared achievement scores between pupils taught using CBCL and those taught using traditional methods, and examined the influence of active participation, problem-solving, critical thinking, and communication skills on learners’ academic outcomes. A mixed-methods approach was employed, combining a quasi-experimental design, specifically a pre-test, post-test non-equivalent control group design, with a survey of teachers. A total of 91 pupils from two public primary schools formed the experimental and control groups, while 217 teachers responded to a structured questionnaire. Quantitative data were collected using a validated Mathematics Achievement Test (MAT), and qualitative data were gathered through open-ended responses. Data analysis involved ANCOVA to control for pre-existing differences and linear regression to examine the influence of key variables. Thematic analysis was used for qualitative responses. Pupils taught using Case-Based Cooperative Learning significantly outperformed their peers in the traditional method group, with the instructional method accounting for 28.8% of the variance in posttest scores (F = 35.610, p = .000, η² = .288). Furthermore, among the key predictors, critical thinking skills accounted for 57% of the variance in mathematics achievement. Qualitative data supported these findings, highlighting increased learner this skill. The CBCL method was also found to be gender-inclusive, promoting equitable learning outcomes. The study concludes that CBCL not only enhances mathematics achievement but also nurtures essential 21st-century competencies such as critical thinking. It is recommended that the Ministry of Basic Education design and implement targeted in-service training programs to equip primary school teachers with the knowledge and skills to effectively use CBCL strategies in mathematics instruction.
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INTRODUCTION
Mathematics is a foundational subject in primary education, serving as a critical building block for learners’ future academic pursuits and career opportunities. In Cameroon, however, concerns have been raised about declining mathematics achievement and limited learner engagement at the primary school level. Traditional instructional methods, which largely rely on rote memorization, repetition, and individual work, often fail to address the diverse learning needs of pupils or to cultivate higher-order thinking skills such as analysis, evaluation, and problem-solving. Consequently, many learners struggle to grasp mathematical concepts meaningfully, which undermines their confidence, motivation, and long-term academic success. Recent educational research emphasizes the need for more interactive and learner-centered pedagogical approaches to address these challenges. Case-Based Cooperative Learning (CBCL) is one such strategy, which involves learners working collaboratively in small groups to solve real-world problems, applying mathematical concepts in contextualized scenarios. This approach not only encourages active participation but also fosters critical thinking, problem-solving, communication, and collaboration among pupils. Studies conducted in various contexts have demonstrated that CBCL improves understanding and retention of mathematical concepts while promoting positive attitudes toward learning (Gillies & Boyle, 2023; Ngang & Samah, 2022). Despite this evidence, the effectiveness of CBCL in Cameroon’s primary schools, particularly in enhancing academic achievement and critical thinking skills, remains underexplored.
Critical thinking, defined as the ability to analyze, evaluate, and synthesize information to make reasoned judgments, has been identified as a key predictor of success in mathematics. Learners who engage in structured reasoning and reflective problem-solving are better able to transfer knowledge across contexts and tackle complex mathematical tasks. Yet, studies in the Cameroonian context suggest that many pupils exhibit weaknesses in synthesizing information, considering multiple perspectives, and engaging in meaningful mathematical discourse (Paul & Elder, 2020; Facione, 2022). Integrating CBCL into mathematics instruction offers a promising avenue for developing these higher-order cognitive skills while simultaneously improving academic performance. This study seeks to investigate the effects of CBCL on the academic achievement of primary school pupils in mathematics in Bui Division. Specifically, it aims to compare the mean achievement scores of pupils taught using CBCL with those taught through traditional methods and to examine the role of critical thinking in shaping mathematics performance. The findings are expected to provide empirical evidence to guide educators and policymakers in designing teaching strategies that enhance not only mathematical understanding but also essential 21st-century competencies among learners.
Background to the Study
Historically, mathematics education in Cameroon has faced significant challenges, particularly at the primary school level, where foundational numeracy and problem-solving skills are critical for future academic success. Traditional instructional methods, which have dominated classrooms for decades, often emphasize rote learning, memorization, and teacher-centered approaches, limiting learners’ engagement, creativity, and higher-order thinking skills (Turgut & Aslan, 2021). Reports from the Ministry of Basic Education and studies in various regions indicate that primary school pupils continue to underperform in mathematics (Okafor & Eze, 2021), highlighting the need for innovative instructional strategies that align with modern pedagogical principles. Over the past two decades, educational reforms in Cameroon have emphasized learner-centered approaches and competency-based curricula, aiming to improve not only knowledge acquisition but also the development of critical thinking, problem-solving, and collaborative skills (Gillies & Boyle, 2023). Despite these reforms, the persistent low achievement in mathematics underscores the urgency of exploring methods like Case-Based Cooperative Learning (CBCL), which actively engage learners in meaningful and contextualized problem-solving activities (Ngang & Samah, 2022).
Conceptually, Case-Based Cooperative Learning (CBCL) is grounded in constructivist principles, which posit that learning is an active, collaborative, and contextually situated process (Paul & Elder, 2020). In CBCL, pupils work in small groups to solve real-world problems, engaging in discussion, reasoning, and collaborative application of mathematical concepts (Facione, 2022). This approach promotes critical thinking, problem-solving, decision-making, and communication skills, enabling learners to construct knowledge through interaction rather than passive reception (Van Gelder, 2021). Beyoh (2024) further emphasizes that cooperative learning fosters learners’ academic achievement in mathematics by encouraging analytical reasoning, conceptual understanding, and the ability to transfer knowledge across different contexts. In contrast, traditional methods often rely on teacher-led instruction and repetitive exercises, which may limit higher-order thinking and the development of critical cognitive skills necessary for mathematical problem-solving (Saeed et al., 2021). Empirical studies indicate that cooperative and case-based strategies significantly enhance mathematics achievement, engagement, and critical thinking, positioning CBCL as a learner-centered approach that aligns with the goals of 21st-century mathematics education (Gillies & Boyle, 2023; Turgut & Aslan, 2021; Okafor & Eze, 2021). 
Theoretically, this study is anchored in Vygotsky’s Social Constructivist Theory, which emphasizes that learning occurs through social interaction and collaborative engagement (Vygotsky, 1978). Vygotsky posited that learners construct understanding within the Zone of Proximal Development (ZPD), where guidance from peers or more knowledgeable others facilitates the acquisition of skills that learners could not achieve independently (Beloquia & Lawyer-Diangha, 2025). CBCL operationalizes this theory by situating learners in cooperative groups, allowing them to scaffold each other’s understanding of mathematical concepts and solve complex problems collectively (Ngang & Samah, 2022). Additionally, Bloom’s Taxonomy (Anderson & Krathwohl, 2001) informs the study by emphasizing the importance of progressing from knowledge recall to higher-order cognitive processes such as analysis, evaluation, and creation, which are central to critical thinking and problem-solving. By integrating social constructivism and Bloom’s hierarchical framework, the study examines how collaborative, case-based instruction influences mathematics achievement and the development of essential cognitive skills (Paul & Elder, 2020; Van Gelder, 2021).
Contextually, the study is situated in Bui Division, a region in Cameroon characterized by a mix of urban and semi-urban primary schools, where learners’ access to resources and exposure to innovative teaching methods varies widely (Ministry of Basic Education, 2022). Many primary schools continue to rely heavily on traditional methods, with limited opportunities for collaborative or problem-based learning (Adeyemi & Onuoha, 2020). Pupils in these schools often struggle with abstract mathematical concepts and demonstrate low engagement in classroom activities, negatively affecting academic performance (Saeed et al., 2021). Gender disparities in mathematics achievement have also been observed, with boys often outperforming girls, particularly in teacher-centered classrooms (Gillies & Boyle, 2023). Introducing CBCL in this context provides an opportunity to evaluate whether cooperative, problem-based learning strategies can enhance mathematics achievement while promoting equitable participation among male and female pupils (Turgut & Aslan, 2021; Ngang & Samah, 2022). This contextual understanding emphasizes the relevance and potential impact of the study in improving both learning outcomes and instructional practices within the Cameroonian primary school system.

Statement of the Problem
In recent years, declining mathematics achievement and low learner engagement in Cameroonian primary schools have raised concerns about the effectiveness of traditional teaching methods, which often rely on rote memorization and individual work and fail to promote higher-order thinking skills. Innovative approaches like Case-Based Cooperative Learning (CBCL), which engages pupils in collaborative problem-solving around real-world scenarios, have been shown elsewhere to enhance participation, critical thinking, communication, and understanding of mathematical concepts. However, limited research exists on the effectiveness of CBCL in Cameroon and the role of critical thinking in mathematics performance. This study therefore investigates the impact of CBCL on pupils’ mathematics achievement in Bui Division, comparing it to traditional methods and examining how critical thinking influences learning outcomes, with the aim of informing strategies to improve both mathematical understanding and higher-order cognitive skills.
Objectives of the Study
Specifically, the study intended to;
· Compare the mean achievement score of pupils taught mathematics using case-based cooperative learning and that of those taught mathematics using the traditional method.
· Appraise the role of critical thinking on learners’ academic achievement in Mathematics in primary schools in Bui.
Research Questions
· What are the mean achievement scores of pupils taught mathematics using case-based cooperative learning and the traditional method?
· What is the role of critical thinking on learners’ academic achievement in mathematics in primary schools in Bui?
Research Hypotheses
The following specific hypotheses were stated and tested at 0.05 level of significance.
Ho1: The mean achievement score of pupils taught mathematics using case-based cooperative learning do not differ significantly from that of those taught mathematics using the traditional method.
Ha1: The mean achievement score of pupils taught mathematics using case-based cooperative learning differs significantly from that of those taught mathematics using the traditional method.
Ho2: Critical thinking does not have a positive and significant role on learners’ academic achievement in mathematics in primary schools in Bui Division
Ha2: Critical thinking has a positive and significant role on learners’ academic achievement in mathematics in primary schools in Bui Division.

METHODOLOGY
This study adopted a mixed-methods research approach to investigate the effects of Case-Based Cooperative Learning (CBCL) on the academic achievement of primary school pupils in mathematics in Bui Division. The quantitative component utilized a quasi-experimental design, specifically a pre-test, post-test non-equivalent control group design, to compare the achievement scores of pupils taught using CBCL with those taught using traditional instructional methods. The qualitative component involved a survey of teachers to explore perceptions of learners’ engagement, problem-solving, critical thinking, and communication skills in mathematics classrooms. The combination of quantitative and qualitative methods allowed for a comprehensive understanding of both measurable academic outcomes and contextual instructional practices.
A total of 91 pupils from two public primary schools were purposively selected to participate in the study, with 53 pupils assigned to the experimental group (CBCL) and 38 pupils to the control group (traditional method). Additionally, 217 teachers completed a structured questionnaire designed to capture their observations of pupils’ critical thinking, problem-solving, communication, and collaborative skills. Quantitative data were collected using a validated Mathematics Achievement Test (MAT) administered as a pre-test and post-test to measure learning gains. Qualitative data were obtained through open-ended responses from teachers, providing rich insights into classroom dynamics and learners’ cognitive engagement.
Data analysis for the study was conducted using both inferential and thematic techniques. Quantitative data were analyzed using Analysis of Covariance (ANCOVA) to control for pre-existing differences between groups and determine the effect of the instructional method on mathematics achievement. Linear regression analysis was also employed to examine the influence of key predictors, particularly critical thinking skills, on academic performance. Qualitative data were analyzed using thematic analysis, which involved coding teacher responses and identifying recurring patterns related to learners’ engagement and skill development. Triangulation of quantitative and qualitative findings enabled the study to validate the significant impact of CBCL on academic achievement and critical thinking while highlighting its inclusive and gender-equitable nature.

PRESENTATION OF FINDINGS
Mean Achievement Scores of Pupils Taught Mathematics Using Case-Based Cooperative Learning and The Traditional Method
Research Question One: What are the mean achievement scores of pupils taught mathematics using case-based cooperative learning and the traditional method?
Table 1: Mean Mathematics Achievement Scores of Pupils Taught Mathematics Using Case-Based Cooperative Learning and the Traditional Method
	
GROUP
	 
SEX
	
N
	Pretest
Mean
	Posttest
Mean
	Mean
Gain

	Traditional Method (C)
	Male
	16
	6.69
	12.19
	5.50

	
	Female
	22
	6.05
	10.50
	4.45

	
	Total
	38
	6.37
	11.35
	4.98

	Case-based Cooperative Learning Group (E)
	
Male
	
24
	
5.71
	
14.42
	
8.71

	
	Female
	29
	4.31
	13.03
	 8.72

	
	Total
	53
	4.94
	13.66
	8.72

	Total
	
Male
	
40
	
6.20
	
13.31
	
7.11

	
	Female
	51
	5.18
	11.77
	6.59

	
	Total
	91
	5.58
	12.54
	6.96


Based on Table 1, the mean achievement scores of pupils taught mathematics using case-based cooperative learning and the traditional method were analyzed. The results indicate that pupils in the case-based cooperative learning group (E) outperformed those in the traditional method group (C) in terms of mean gain scores from pretest to posttest. For the traditional method group, the mean pretest score for male pupils was 6.69, while their posttest mean score increased to 12.19, resulting in a mean gain of 5.50. Female pupils in this group had a pretest mean score of 6.05 and a posttest mean score of 10.50, leading to a mean gain of 4.45. Overall, the total mean gain score for pupils taught using the traditional method was 4.98.
In contrast, pupils taught using case-based cooperative learning showed a much higher improvement. Male pupils in this group had a pretest mean score of 5.71 and a posttest mean score of 14.42, resulting in a mean gain of 8.71. Female pupils had a pretest mean score of 4.31 and a posttest mean score of 13.03, yielding a mean gain of 8.72. The total mean gain score for pupils in the case-based cooperative learning group was 8.72, which is considerably higher than the 4.98 mean gain in the traditional method group. When comparing overall performance across both groups, male pupils had a total mean gain of 7.11, while female pupils had a mean gain of 6.59. The total mean gain score across all pupils was 6.96, but a clear distinction exists between the two instructional methods. The case-based cooperative learning group consistently achieved higher mean gain scores than the traditional method group.
These findings suggest that case-based cooperative learning is more effective in improving pupils' mathematics achievement compared to the traditional method. The higher mean gain scores among pupils in the experimental group indicate that collaborative and contextual learning strategies contribute significantly to improved mathematical understanding and performance.

Ho1: The mean achievement score of pupils taught mathematics using case-based cooperative learning do not differ significantly from that of those taught mathematics using the traditional method.
Ha1: The mean achievement score of pupils taught mathematics using case-based cooperative learning differs significantly from that of those taught mathematics using the traditional method.

Table 2: ANCOVA Comparing Mean Mathematics Achievement Scores of Pupils Taught Mathematics Using Case-Based Cooperative Learning and the Traditional Method
	Dependent Variable:   MATPOSTTEST  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Corrected Model
	425.360a
	2
	212.680
	28.286
	.000
	.391

	Intercept
	571.874
	1
	571.874
	76.057
	.000
	.464

	MATPRETEST
	292.530
	1
	292.530
	38.905
	.000
	.307

	GROUP
	267.756
	1
	267.756
	35.610
	.000
	.288

	Error
	661.673
	88
	7.519
	
	
	

	Total
	15620.000
	91
	
	
	
	

	Corrected Total
	1087.033
	90
	
	
	
	

	a. R Squared = .391 (Adjusted R Squared = .377)


The hypothesis test was conducted using ANCOVA (Analysis of Covariance) to compare the mean achievement scores of pupils taught mathematics using case-based cooperative learning and those taught using the traditional method while controlling for pretest scores. The results in Table 2 indicate that the instructional method (GROUP) had a significant effect on pupils' posttest scores.
The F-value for GROUP is 35.610, with a p-value of .000, which is well below the conventional significance level of 0.05. This means that there is a statistically significant difference in the mean achievement scores of pupils based on the teaching method used. Since the p-value is less than 0.05, we reject the null hypothesis (Ho1) and accept the alternative hypothesis (Ha1), which states that the mean achievement score of pupils taught mathematics using case-based cooperative learning differs significantly from that of those taught using the traditional method.
Additionally, the Partial Eta Squared value for GROUP is .288, indicating that the teaching method accounts for 28.8% of the variance in pupils' posttest scores. This suggests that the instructional methods had a substantial impact on mathematics achievement, with case-based cooperative learning contributing to higher scores. The corrected R-squared value of .377 further supports the model's effectiveness, meaning that approximately 37.7% of the variance in posttest scores can be explained by the predictors in the model (pretest scores and teaching method). The pretest scores (MATPRETEST) also had a significant effect (F = 38.905, p = .000), which confirms that pupils’ prior knowledge influenced their posttest performance. Thus, the findings provide strong evidence that case-based cooperative learning is significantly more effective than the traditional method in improving pupils' mathematics achievement.

Role of Critical Thinking on Learners’ Academic Achievement in Mathematics in Primary Schools in Bui Division

Research Question Two: What is the role of critical thinking on learners’ academic achievement in mathematics in primary schools in Bui?
Table 3: Responses on Pupils’ Critical Thinking in Mathematics
	
S/N
	
STATEMENTS
	SA
	A
	D
	SD
	SA/A
	D/SD
	Mean
	Std

	1
	Pupils can apply previously learned mathematical concepts to new problems.
	14
	172
	0
	31
	186
	31
	2.78
	.768

	2
	My Learners demonstrate strong analytical reasoning skills when solving mathematical problems
	1
	161
	41
	14
	162
	55
	2.69
	.596

	3
	Pupils are able to use evidence and logical steps when explaining their mathematical solutions.
	27
	160
	14
	16
	187
	30
	2.91
	.692

	4
	My pupils critically evaluate mathematical solutions and methods during class activities
	5
	140
	30
	42
	145
	72
	2.47
	.800

	5
	My pupils regularly engage in synthesizing information and use creative approaches to solve mathematical problems
	0
	102
	2
	113
	102
	115
	1.95
	.996

	6
	My pupils are able to break down complex problems into smaller, manageable steps.
	136
	52
	28
	1
	188
	29
	3.49
	.734

	7
	My pupils  show strong decision-making abilities when faced with complex mathematical problems
	149
	24
	14
	30
	173
	44
	3.35
	1.091

	8
	My pupils consider multiple perspectives or approaches when solving mathematical problems
	0
	60
	42
	115
	60
	157
	1.75
	.864

	9
	My pupils do engage in discussions to defend or challenge mathematical solutions.
	27
	41
	29
	120
	68
	149
	1.88
	1.110

	10
	My pupils can identify errors in their own mathematical work and correct them.
	10
	120
	42
	45
	130
	87
	2.39
	.810

	Overall Mean of Responses (Out of 40)
	25.66
	4.358


The findings in Table 3 provide insights into pupils’ critical thinking abilities in mathematics based on teachers' responses. The overall mean of 25.66 (out of 40) suggests that while some aspects of critical thinking are present among pupils, many areas require significant improvement.
One of the stronger areas of critical thinking observed is pupils’ ability to break down complex problems into smaller, manageable steps, with a high mean of 3.49 and 188 teachers agreeing. Similarly, pupils’ decision-making abilities when faced with complex mathematical problems were rated positively, with a mean of 3.35, suggesting that many students can make informed choices in problem-solving scenarios. These responses indicate that pupils can handle complex tasks when provided with structured guidance.
However, other aspects of critical thinking, such as applying previously learned concepts to new problems, received a lower mean of 2.78. While 186 teachers agreed that their pupils exhibit this ability, the presence of 31 teachers who disagreed suggests that some students struggle to transfer knowledge effectively. Similarly, the ability to use evidence and logical steps in mathematical solutions was rated at 2.91, indicating that while many pupils attempt to justify their answers, others lack the ability to provide well-structured explanations. One of the weakest areas observed was pupils’ engagement in synthesizing information and using creative approaches to solve mathematical problems, which had a mean of just 1.95. With 115 teachers disagreeing that pupils engage in such practices, this suggests that students may struggle with innovative problem-solving. Additionally, the ability to consider multiple perspectives when solving mathematical problems was rated the lowest at 1.75, with 157 teachers disagreeing, indicating a significant gap in flexible and diverse thinking.
The ability to critically evaluate mathematical solutions and methods was also relatively weak, with a mean of 2.47. This suggests that pupils may not frequently analyze their own or others’ solutions for accuracy and efficiency. Likewise, the ability to identify and correct errors in their own mathematical work had a low mean of 2.39, showing that many students might struggle with self-correction and self-assessment. Pupils’ engagement in discussions to defend or challenge mathematical solutions was also limited, with a mean of 1.88 and 149 teachers disagreeing. This indicates that critical discourse, which is essential for deeper mathematical understanding, is not a common practice in many classrooms.
It can therefore be concluded that while pupils show strengths in structured decision-making and problem breakdown, their overall critical thinking skills in mathematics appear underdeveloped. There is a notable lack of engagement in reasoning-based discussions, synthesis of information, multiple-perspective thinking, and self-evaluation. These findings suggest that teaching strategies should emphasize fostering deeper analytical thinking, encouraging mathematical discussions, and promoting flexible problem-solving approaches to enhance pupils’ critical thinking skills in mathematics.
Table 4: Descriptive Statistics on Critical Thinking and Learners’ Academic Achievement in Mathematics in Primary Schools
	
	Mean
	Std. Deviation
	N

	Academic Achievement in Mathematics
	31.20
	7.466
	217

	Critical Thinking in Mathematics
	25.66
	4.358
	217


 Table 4 presents the descriptive statistics of critical thinking and academic achievement in mathematics. The mean score for academic achievement is 31.20, with a standard deviation of 7.466, indicating that students' performance in mathematics varies significantly. Meanwhile, the mean score for critical thinking is 25.66, with a lower standard deviation of 4.358, suggesting that students demonstrate moderate critical thinking abilities, though with less variation compared to academic achievement. The gap between the mean scores indicates that while critical thinking is present among learners, it may not be fully developed. This implies that strengthening critical thinking skills could potentially lead to improved academic achievement in mathematics.
Table 5: Model Summary on Critical Thinking and Learners’ Academic Achievement in Mathematics in Primary Schools
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.754a
	.569
	.567
	4.915

	a. Predictors: (Constant), Critical Thinking in Mathematics


The model summary in Table 5 provides statistical evidence of the link between critical thinking and academic achievement in mathematics. The correlation coefficient (R = .754) indicates a strong positive relationship between critical thinking and mathematics performance. This suggests that students with higher critical thinking skills are more likely to achieve better academic results in mathematics.
Additionally, the R Square value of .569 means that 56.9% of the variance in students' academic achievement can be explained by their critical thinking skills. This is a substantial proportion, reinforcing the importance of critical thinking in mathematical performance. The Adjusted R Square value of .567, which is very close to R Square, confirms the reliability of this model, meaning that even after accounting for potential errors, critical thinking remains a strong predictor of academic success. The standard error of the estimate (4.915) indicates the degree of deviation in the predicted academic achievement scores. While some variation remains unexplained, the relatively low standard error suggests that critical thinking is a significant factor in determining students' mathematics performance.
Therefore, the data strongly support the idea that critical thinking plays a crucial role in learners' academic achievement in mathematics. The high correlation and explanatory power of critical thinking suggest that students who develop analytical reasoning, logical problem-solving, and the ability to evaluate mathematical concepts critically tend to perform better in mathematics. Given these findings, educators should prioritize teaching strategies that foster critical thinking in mathematics, such as problem-based learning, inquiry-driven discussions, and opportunities for students to evaluate and justify their mathematical reasoning. Enhancing these skills can significantly improve students’ ability to grasp complex concepts and succeed in mathematics.
 
Ho2: Critical thinking does not have a significant role on learners’ academic achievement in mathematics in primary schools in Bui Division
Ha2: Critical thinking has a significant role on learners’ academic achievement in mathematics in primary schools in Bui Division.
 
Table 6: ANOVA on the Effects of Critical Thinking on Learners’ Academic Achievement in Mathematics in Primary Schools
 
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	6846.614
	1
	6846.614
	283.383
	.000b

	
	Residual
	5194.464
	215
	24.160
	
	

	
	Total
	12041.078
	216
	
	
	

	a. Dependent Variable: Academic Achievement in Mathematics

	b. Predictors: (Constant), Critical Thinking in Mathematics


 The ANOVA table (Table 6) examines the impact of critical thinking on academic achievement. The regression sum of squares is 6846.614, and the residual sum of squares is 5194.464, indicating that critical thinking explains a substantial portion of the variance in academic achievement. The F-value of 283.383 is very high, suggesting a strong relationship between critical thinking and academic achievement. Additionally, the p-value (p = .000) is less than the standard significance level of 0.05, indicating that the relationship is statistically significant. This result provides strong evidence to reject the null hypothesis (Ho2) and support the alternative hypothesis (Ha2), confirming that critical thinking has a significant role in influencing learners' academic achievement in mathematics.
Table 7: Regression Coefficients on the Effects of Critical Thinking on Learners’ Academic Achievement in Mathematics in Primary Schools
 
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	T
	Sig.
	95.0% Confidence Interval for B

	
	B
	Std. Error
	Beta
	
	
	Lower Bound
	Upper Bound

	1
	(Constant)
	-1.944
	1.997
	
	-.973
	.331
	-5.880
	1.993

	
	Critical Thinking in Mathematics
	1.292
	.077
	.754
	16.834
	.000
	1.141
	1.443

	a. Dependent Variable: Academic Achievement in Mathematics


 The regression coefficients in Table 7 provide further insights into the strength and direction of the relationship between critical thinking and academic achievement. The unstandardized coefficient for critical thinking (B = 1.292) means that for every one-unit increase in critical thinking, academic achievement increases by 1.292 units. This indicates a substantial positive effect of critical thinking on students' performance in mathematics. The standardized Beta coefficient (Beta = 0.754) reveals the strength of the relationship, with a value close to 1, suggesting that critical thinking is a strong predictor of academic achievement. The t-value (16.834) is significantly high, and the p-value (Sig. = .000) is well below 0.05, further confirming that the relationship between critical thinking and academic achievement is statistically significant. The 95% confidence interval for B (1.141 to 1.443) does not include zero, which further supports the idea that critical thinking has a positive and significant impact on students' academic performance.
Based on the statistical analysis from both the ANOVA and regression coefficients, we reject the null hypothesis (Ho2) and accept the alternative hypothesis (Ha2), indicating that critical thinking significantly influences learners' academic achievement in mathematics. The high F-value, strong Beta coefficient, and statistically significant p-values all point to critical thinking as a crucial factor in improving students' performance in mathematics. Educators should, therefore, focus on fostering critical thinking skills in their students, as this can lead to notable improvements in academic achievement in mathematics.

Qualitative Finding
Table 8: Interview Findings on Role of Critical Thinking on Academic Achievement
	Category of Variables
	Questioning Themes
	Response Themes
	Key Statement of Interviewees

	Analytical Thinking
	Can learners analyze and evaluate math problems critically?
	Developing in some; weak in others
	“Some pupils can break down problems well, but most struggle with thinking beyond procedures.”

	Argumentation & Justification
	How well do pupils defend or explain their solutions?
	Weak reasoning and justification skills
	“They get the right answers but can’t always explain how or why.”

	Multi-perspective Thinking
	Are learners able to consider different approaches?
	Very limited
	“Only a few students try alternative methods to solve a problem.”

	Classroom Discourse
	Is critical dialogue part of instruction?
	Not consistently encouraged
	“We need to encourage more debate and discussion on problem-solving steps.”


The development of critical thinking skills among pupils was found to be uneven across classrooms. While some learners were able to analyze and evaluate mathematical problems critically, the majority still relied heavily on memorized procedures and struggled with higher-order thinking. Teachers noted that although pupils sometimes arrived at the correct answers, their ability to defend or explain their solutions was limited, indicating weak reasoning and justification skills. Multi-perspective thinking, the ability to consider various solution strategies, was also underdeveloped, with only a few learners exploring alternative methods. The lack of consistent classroom discourse and critical dialogue was seen as a contributing factor. Teachers acknowledged the need to create more opportunities for debate, discussion, and the explanation of problem-solving steps, as such activities are essential for nurturing critical thinking and deep understanding in mathematics.

Discussion of the Findings
Performance of Pupils Taught Mathematics Using Case-Based Cooperative Learning and the Traditional Method
The findings of this study indicate that case-based cooperative learning (CBCL) is more effective than traditional instructional methods in improving pupils’ mathematics achievement. Pupils taught using CBCL demonstrated substantially higher gains, reflecting the benefits of collaborative, contextual, and interactive learning approaches. This supports recent research by Gillies and Boyle (2023), who found that cooperative learning enhances problem-solving and conceptual understanding, and by Ngang and Samah (2022), who highlighted how shared cognitive scaffolding promotes deeper learning. The results suggest that CBCL fosters meaningful engagement and supports learning beyond what traditional methods achieve.

Additionally, the study shows that CBCL promotes gender equity, as both male and female pupils achieved nearly identical learning gains, unlike in traditional classrooms where males slightly outperformed females. This aligns with findings by Adeyemi and Onuoha (2020), who noted that collaborative and case-based strategies help reduce gender disparities in STEM subjects. The findings also demonstrate the overall effectiveness of CBCL in sustaining engagement and improving problem-solving abilities, consistent with studies by Turgut and Aslan (2021) and Okafor and Eze (2021). Overall, the evidence highlights CBCL as a learner-centered, inclusive, and empirically supported approach for enhancing mathematics achievement in primary schools.


Role of Critical Thinking on Learners’ Academic Achievement in Mathematics in Primary Schools in Bui Division

The findings of this study demonstrate that critical thinking plays a key role in enhancing pupils’ mathematics achievement in primary schools in Bui Division. Pupils who could break down complex problems and make informed decisions during problem-solving tended to perform better academically, supporting recent research that links critical thinking to higher-order problem-solving and effective knowledge transfer across mathematical contexts (Paul & Elder, 2020; Facione, 2022; Van Gelder, 2021). These results highlight the importance of embedding structured analytical reasoning into mathematics instruction to move students beyond rote memorization toward meaningful understanding.

However, the study also revealed notable gaps in pupils’ critical thinking, such as limited synthesis of information, weak consideration of multiple perspectives, and low participation in mathematical discourse. Despite these deficiencies, the analysis confirmed a strong positive relationship between critical thinking and academic performance, reinforcing findings from STEM education literature that critical thinking predicts learning outcomes (Lai, 2022; Halpern, 2020; Abrami et al., 2015). The study underscores the need for teaching approaches such as problem-based learning, guided inquiry, and collaborative problem-solving to strengthen pupils’ analytical, evaluative, and reasoning skills, ultimately improving mathematics achievement and equipping learners with essential lifelong competencies.

Conclusion
The findings of this study indicate that Case-Based Cooperative Learning (CBCL) is a highly effective instructional approach for enhancing mathematics achievement among primary school pupils in Bui Division. Pupils taught using CBCL significantly outperformed their counterparts taught with traditional methods, with the teaching strategy accounting for 28.8% of the variance in posttest scores. Critical thinking skills were identified as a major predictor of mathematics achievement, explaining 57% of the variance, demonstrating the importance of developing higher-order cognitive abilities in learners. The qualitative data corroborated these results, showing that CBCL promoted active participation, problem-solving, and communication skills among pupils. Additionally, the method was found to be gender-inclusive, supporting equitable learning outcomes for both male and female students. Overall, the study establishes that CBCL not only improves academic performance but also nurtures essential 21st-century competencies in mathematics learning.
Implications of the Findings
· The findings imply that adopting CBCL can substantially enhance mathematics achievement among primary school pupils, highlighting the importance of collaborative and contextual learning strategies. Moreover, CBCL promotes gender equity, suggesting that interactive learning environments can reduce disparities in STEM performance.
· The study indicates that critical thinking is a key determinant of academic success in mathematics. Pupils who can analyze, evaluate, and reason effectively tend to perform better, emphasizing the necessity of integrating higher-order cognitive skills into everyday classroom instruction.
Recommendations
· Teachers should be trained to implement CBCL strategies in mathematics classrooms, incorporating real-life scenarios, collaborative problem-solving, and interactive activities that engage all learners equitably.
· Mathematics instruction should explicitly incorporate problem-based learning, guided inquiry, and structured opportunities for reasoning, discussion, and reflection to strengthen pupils’ critical thinking skills and improve overall academic performance.
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