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ABSTRACT
[bookmark: _GoBack]This study examined the influence of STEM lesson approaches on the development of mathematics problem-solving capabilities among secondary school students in Bamenda III, Mezam Division, Northwest Region, Cameroon. Specifically, the research focused on two strategies: hands-on learning activities and project-based activities. Guided by two research objectives, the study employed a cross-sectional survey design and collected data from 120 Form 5 students purposively selected from four secondary schools using a structured questionnaire with a Cronbach alpha reliability of 0.808. Descriptive statistics were used to summarize students’ perspectives, while Pearson correlation analysis tested the hypothesized relationships at a 0.05 level of significance.
Findings revealed that 72% of students agreed that hands-on learning activities, such as using mathematical models, tools, and objects, improved their problem-solving abilities in mathematics, with a moderate positive correlation (r = 0.553, p = 0.001). Similarly, 80% of students reported that project-based activities, including real-life applications and group projects, enhanced their problem-solving capabilities, with a strong positive correlation (r = 0.604, p = 0.001). These results indicate that experiential and project-oriented pedagogies significantly support students’ engagement, conceptual understanding, and ability to tackle non-routine mathematical problems.
The study concludes that integrating hands-on and project-based STEM approaches into mathematics instruction fosters critical thinking, practical application, and transferable problem-solving skills. The findings suggest that teacher training in STEM pedagogies and provision of adequate teaching materials is essential for maximizing student outcomes. Consequently, the study recommends continuous professional development for mathematics teachers, the provision of learning aids and laboratory resources, and the incorporation of experiential STEM activities into the mathematic curriculum to enhance secondary school students’ mathematical problem-solving capabilities.
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Introduction 
The demand for quality education in the 21st century has been shaped by the rapid growth of science, technology, engineering, and mathematics (STEM) as driving forces of modern economies. In classrooms worldwide, educators are increasingly called upon to design learning experiences that move beyond rote memorization of formulas and procedures to foster creativity, problem-solving, innovation, collaboration, effective communication, and digital literacy. Embedding these competencies into classroom instruction is no longer optional but has become a necessity for preparing learners to thrive in complex and technology-driven societies. Educationist have emphasized that classroom learning should be restructured to reflect these competencies and ensure that learners are adequately prepared to address both academic and real-world challenges. The Partnership for 21st Century Skills (2019) has stressed that schools must adopt new pedagogical approaches that go beyond memorization and emphasize problem-solving, innovation, and applied knowledge. It is within this context that Science, Technology, Engineering, and Mathematics (STEM) approaches to teaching and learning have gained prominence as effective means of equipping learners with the problem-solving skills they need.
STEM lesson approaches emphasize integration across disciplines, inquiry-driven instruction, and the use of real-world contexts to teach core concepts. Instead of learning mathematics, science, and technology in isolation, students are encouraged to use knowledge from all four domains to solve authentic problems. This method has significant implications for mathematics education, particularly because mathematics is often perceived by students as abstract, difficult, and detached from real-life applications. In many traditional mathematics classrooms, students frequently engaged in routine exercises that require rote application of formulas without necessarily understanding the reasoning behind them. Dewey (1938) believed that traditional classroom settings and instructions were not developmentally appropriate for young learners. By contrast, STEM approaches encourage learners to see mathematics as a tool that supports inquiry, design, and decision-making. Through authentic problem-solving tasks, students are compelled to model real-world situations mathematically, test hypotheses, and justify their reasoning. Research has shown that STEM integration enhances student engagement and learning outcomes because it places students in active roles where they apply knowledge rather than passively receive it (Portillo-Blanco et al., 2024).
The application of STEM lesson approaches in mathematics is particularly relevant in Cameroon, and more specifically in secondary schools in Bamenda III sub-division where poor performance in mathematics has been a persistent concern. Mathematics remains one of the core subjects in the national curriculum, and its mastery is a gateway to careers in science, technology, engineering, and related fields. However, students in many secondary schools in Bamenda III sub-division continue to struggle with problem-solving tasks, and many students developing phobia for mathematics as a whole despite it being a compulsory subject at the secondary level. This low involvement in mathematics study is easily reflected in their performance in both internal examinations and the General Certificate of Education (GCE). Studies conducted in some of the schools have revealed that teacher professional development, in-service training, and classroom practice strongly influence learners’ academic performance in mathematics (Nkepah & Njang, 2024). This indicates that pedagogy, rather than curriculum content alone, plays a significant role in shaping student achievement. This goes a long way to imply that if teachers adopt innovative teaching methods such as STEM lesson approaches, students’ mathematics problem-solving skills could be improved.
The theoretical foundation for linking STEM approaches to mathematics problem-solving lies in Constructivist Learning Theory and Experiential Learning Theory. Constructivism, developed by Piaget (1936) and expanded by Vygotsky (1978), posits that learners actively construct knowledge rather than passively absorb it. Learning occurs when students engage with new information, connect it to prior knowledge, and build mental models through interaction with their environment and peers. In the context of mathematics, this means that students develop stronger problem-solving abilities when they participate in activities that require them to generate meaning, test strategies, and collaborate with others. Vygotsky’s (1978) concept of the zone of proximal development further emphasizes the importance of social interaction and teacher scaffolding in helping students solve problems that they might not be able to solve independently.
Additionally, Experiential Learning Theory, advanced by Kolb (1984) and inspired by John Dewey’s earlier pragmatist philosophy, complements constructivism by emphasizing learning through cycles of concrete experience, reflective observation, abstract conceptualization, and active experimentation. When applied to mathematics within a STEM framework, this theory suggests that learners benefit from hands-on experiences that require them to solve authentic problems, reflect on their strategies, identify mathematical principles, and reapply these principles to new situations. For example, in a STEM project focused on building a model bridge, students might measure loads, calculate forces, and apply algebraic reasoning to test their designs. Through such experiences, they not only learn mathematical concepts but also develop problem-solving strategies that can be generalized to new contexts. The convergence of Constructivism (Piaget, 1936; Vygotsky, 1978) and Experiential Learning (Kolb, 1984) provides a strong justification for the adoption of STEM lesson approaches to enhance mathematics problem-solving capabilities among secondary schools’ students within the locality.
Some research provides strong evidence for the effectiveness of STEM lesson approaches in fostering problem-solving skills. Portillo-Blanco et al. (2024), in a systematic review, identified five key design principles that make STEM education effective: integration across disciplines, use of authentic contexts, inquiry-based learning, design-based learning, and teamwork. Each of these principles can directly supports mathematical problem-solving. For instance, integration helps students see how mathematics connects to science and technology, while authentic contexts motivate them to apply mathematical reasoning to real-life challenges. Inquiry-based learning fosters exploration and conjecture, design-based learning encourages students to plan, test, and refine their strategies, and teamwork allows students to communicate their reasoning and learn from one another.
Öndes (2025) conducted a meta-analysis and found that STEM interventions improved students’ problem-solving skills and other 21st-century competencies. These skills are crucial for mathematics learning because they enable students to persist in solving non-routine problems, monitor their progress, and adapt their strategies. Similarly, Shongwe (2024) found in a quasi-experimental study in South Africa that STEM-based problem-solving interventions improved students’ beliefs about mathematics problem solving. Students who believed that mathematical problems were understandable and solvable were more likely to attempt challenging tasks and apply problem-solving heuristically. These findings are especially relevant in the context of Bamenda III sub-division, where students often struggle with confidence and persistence in mathematics.
Despite the potential benefits of STEM lesson approaches, challenges remain in their implementation. One key concern is the risk of mathematics being overshadowed by science or engineering components in integrated projects. Portillo-Blanco et al. (2024) emphasize that teachers must deliberately highlight mathematical reasoning to ensure that it is not marginalized. For instance, in a STEM unit on water quality, students can be required to (a) derive linear models from field data, (b) justify parameter choices, (c) compare competing models using error metrics, and (d) explain implications for design decisions. Such tasks keep mathematics central while still leveraging authentic context, tools and design cycles. Another challenge is that many teachers may not have sufficient training in STEM pedagogies. Nkepah and Njang (2024) argue that professional development is critical in improving mathematics teaching outcomes, suggesting that teachers need structured support and resources to implement STEM approaches effectively.
Globally, large-scale evidence also underlines the promise of STEM instruction. Chen (2025), in a meta-analysis covering diverse K-12 contexts, reported consistent positive effects of integrated STEM instruction on student achievement. Importantly, the most effective programs shared certain features: they provided coherence across learning activities, ensured that tasks required students to apply mathematics explicitly, and offered structured opportunities for collaboration and reflection. However, the success of these approaches depends on teachers’ capacity to implement them effectively, which underscores the importance of professional development and systemic support. 
Statement of the Problem
STEM lesson approaches have been widely recognized as effective in building students’ critical thinking, creativity, and problem-solving skills across subject areas (Becker & Park, 2011). This means that when students develop such skills, they can be more motivated in solving mathematics problems which can improve their overall achievement in mathematics especially at internal and public exams. Yet it has been realized that many secondary school students continue to struggle with mathematics problem solving as reflected in the analysis of pass rates at GCE examination in some selected schools in North West Region (Ngozi,and Akuro 2014). Based on researchers’ observations it is very possible that major contributor to this problem is the limited use of STEM-aligned pedagogies such as hands-on learning and project-based activities in mathematics classrooms. Instead, teaching often remains teacher-centered, with an emphasis on procedural drills, which often rarely equip these students with the strategies needed to tackle complex problems. Without a deliberate shift towards STEM lesson approaches, mathematics performance in Bamenda III sub-division is likely to remain below potential. It is dependent on these observations that the paper examines stem lesson approaches as possible contributors to the development of mathematics solving capabilities among students in some secondary schools in Bamenda III sub-division, Mezam Division, Northwest region, Cameroons
Research Objectives 
1. To examine the relationship between hands-on learning activities and the development of mathematic solving capabilities among secondary school students
2. To find outs the relationship between project-based activities and the development of mathematic solving capabilities among secondary school students
Research Questions
1. What is the relationship between hands-on learning activities and the development of mathematic solving capabilities among secondary school students?
2. What is the relationship between project-based activities and the development of mathematic solving capabilities among secondary school students?
Research Hypotheses
H₀₁: There is no significant relationship between hands-on learning activities and the 	development of mathematics solving capabilities among secondary school students.
Ha₁: There is a significant relationship between hands-on learning activities and the 	development of mathematics solving capabilities among secondary school students.
H₀₂: There is no significant relationship between project-based activities and the 	development      of mathematics solving capabilities among secondary school students.
Ha₂: There is a significant relationship between project-based activities and the development 	of mathematics solving capabilities among secondary school students 
[bookmark: _Toc200799718][bookmark: _Toc200799722]Methodology
The study adopted a cross-sectional research design. This design relies on a uniform procedure, where all participants respond to the same set of questions presented in the same way. Structured questionnaire was used to collect data from Form 5 students in Bamenda III sub-division. The schools included in the study were; GBHS Bayelle, GBHS Atiella, St. Paul College Nkwen, and BCHS Nkwen. The total population across these schools for the 2024/2025 academic year is 6,138 students, consisting of 2,158 boys and 2,660 girls. For the purpose of this study, 35% of the total population was considered as the accessible population, totaling 1,688 students (756 boys and 932 girls). Using simple random and purposive sampling techniques, a sample of 120 Form 5 students were selected proportionally across the schools as seen below. 
Table 1: Population and Sample 
	Population
	Targeted
Population
	Accessible
population (35%)
	Sample Size
(7.11%)

	School
	Male  
	Female 
	Total
	Male
	Female 
	Total
	Form 5 students

	GBHS Bayelle
	223
	695
	2238
	219
	254
	321
	39

	GBHS Atiella
	625
	725
	1350
	78
	243
	473
	24

	St. Paul C. Nkwen
	700
	650
	1350
	245
	228
	473
	24

	BCHS Nkwen
	610
	590
	1200
	214
	207
	421
	21

	Totals
	2158
	2660
	6138
	756
	932
	1688
	120


[bookmark: _Toc200799730]Source: Divisional Delegation for secondary Education Mezam (2024).
Instruments used for Data collection 
[bookmark: _Toc109071298][bookmark: _Toc137561805]A structured 4-point Likert scale questionnaire with an internal consistency of 0.808 was used to collect information from the students. The survey was made up of two parts which included gathering demographic data and closed-ended questions. The questionnaire scaled with values ranging from 1 for "Strongly Disagree" 2, for disagree, 3 for agree and 4 for "Strongly Agree. The data was analyzed using SPSS 27, where mean, standard deviation, frequency counts and percentages were used to answer research questions while the Pearson product moment correlation coefficient was used to verify the stated null hypotheses. All hypotheses were tested at a 0.05 level of significance, corresponding to a 95% confidence interval.
Results & Discussions
Presentation of Findings
The findings from the data analyzed are presented below.
Table 2: Descriptive statistics for students' perspective on development of problem-solving capabilities in mathematics
	Item
	SA
	A
	SA/A
	D
	SD
	D/SD
	Mean
	Std. 

	I am confident in solving new /unfamiliar mathematics problems.
	59
	54
	113(94%)
	4
	3
	7(6%)
	3.41
	0.680

	I can explain the steps I use when solving a mathematics problem.
	55
	49
	104(87%)
	13
	3
	16(13%)
	3.30
	0.763

	I can apply what I learn in mathematics to solve real-life problems.
	43
	36
	79(66%)
	26
	15
	41(34%)
	2.89
	1.035

	When faced with a difficult math problem, I try different methods until I find a solution
	35
	49
	84(70%)
	26
	10
	36(30%)
	2.91
	0.917

	I enjoy working on challenging mathematics problems that require critical thinking
	54
	27
	81(68%)
	23
	16
	39(33%)
	2.99
	1.088

	Mean Response Score (MRS)
	43
	49
	92(77%)
	18
	9
	28(23%)
	3.10
	0.897


The descriptive statistics reveal that students generally show a positive attitude toward the development of problem-solving capabilities in mathematics. The highest mean score (3.41) indicates that most students expressed confidence in solving new or unfamiliar mathematics problems, with 94% agreeing or strongly agreeing. Similarly, a relatively high mean of 3.30 was observed for the ability to explain steps when solving problems, showing that many students have developed some level of reflective thinking and metacognition in mathematics learning. This suggests that learners are not only able to find answers but can also articulate their problem-solving processes, an important element of higher-order thinking.
On the other hand, areas such as applying mathematics to real-life contexts recorded the lowest mean (2.89), with only 66% agreeing. This result implies that while students may perform well in classwork and abstract exercises, they experience challenges in transferring these skills to practical, everyday situations. Similarly, items on persistence when facing difficult problems (mean = 2.91) and enjoyment of challenging mathematical tasks (mean = 2.99) fell below the overall mean response score of 3.10. These findings highlight that while students demonstrate basic problem-solving competence, their resilience and motivation when confronted with demanding tasks remain relatively weak.
Overall, the mean response score (3.10) and standard deviation (0.897) suggest that students’ problem-solving capabilities in mathematics are at a moderate level, with some variation in responses. The data points to a need for teaching strategies that strengthen problem-solving resilience and emphasize the application of mathematical knowledge to real-life contexts. These responses are further visualized on figure 1 below

Figure 1: Mathematic Problem-solving capabilities by students
Research Question 1: What is the relationship between hands-on learning activities and the development of mathematic solving capabilities among secondary school students?
Table 3: Descriptive statistics of students perspective on hands-on activities
	Item
	SA
	A
	SA/A
	D
	SD
	D/SD
	Mean
	Std. 

	I learn mathematics better when I use objects, tools, or materials in class
	50
	35
	85(70.8%)
	25
	10
	35(30.2%)
	3.57
	0.695

	Doing practical activities helps me understand mathematics concepts more clearly.
	43
	68
	111(93%)
	7
	2
	9(8%)
	3.27
	0.645

	I enjoy mathematics lessons that involve experiments, models, or real-life tasks
	45
	55
	100(83%)
	14
	6
	20(17%)
	3.16
	0.820

	Hands-on activities make it easier for me to remember what I learn in mathematics
	55
	47
	102(85%)
	12
	6
	18(15%)
	3.26
	0.835

	I participate more actively in class when the teacher uses hands-on learning activities.
	36
	44
	80(66.7%)
	30
	10
	40(33.4%)
	3.38
	0.862

	[bookmark: _Hlk207654476]Mean Response Score (MRS)
	37
	49
	86(72%)
	22
	12
	34(28%)
	3.395
	0.859


The results in table 3 above indicate that students generally view hands-on learning activities as beneficial for their understanding of mathematics. The highest-rated item (mean = 3.57) shows that 70.8% of students agreed that they learn mathematics better when using objects, tools, or materials in class. Similarly, a high proportion of students (93%) agreed that practical activities help them understand mathematical concepts more clearly (mean = 3.27). These findings highlight that students recognize the importance of tactile and experiential learning in making abstract concepts more concrete and easier to grasp.
Moreover, the responses show that hands-on approaches positively influence memory retention and classroom participation. For instance, 85% of the students agreed that hands-on activities make it easier to remember what they learn (mean = 3.26), while 66.7% agreed that such activities encourage more active participation in lessons (mean = 3.38). These results suggest that integrating practical methods into teaching not only enhances comprehension but also increases student engagement and involvement in the learning process, which are critical factors in improving overall performance.
Overall, the mean response score (MRS) of 3.395 with a standard deviation of 0.859 indicates a strong positive perception of hands-on learning activities among students, with responses fairly consistent across items. The results show that most learners find these activities motivating, enjoyable, and useful for long-term understanding and encourages sustained interest in mathematics. These responses are further visualized on figure 2 below

Figure 2: Mathematic Problem-solving capabilities by students

Testing Hypothesis one at 0.05 level of significance
H₀₁: There is no significant relationship between hands-on learning activities and the 	development of mathematics solving capabilities among secondary school students.
Ha₁: There is a significant relationship between hands-on learning activities and the 	development of mathematics solving capabilities among secondary school students
Table 4: 
Pearson corelation between Hands-on activities and mathematics solving capabilities
	
	Mathematics Solving Capabilities

	Hands-on learning activities
	Pearson Correlation
	0.553**

	
	Sig. (2-tailed)
	0.000

	
	N
	120

	Correlation is significant at the 0.01 level (2-tailed).



The Pearson correlation result (r = 0.553, p = 0.000 < 0.05) shows a moderate positive and statistically significant relationship between hands-on learning activities and the development of mathematical problem-solving capabilities among secondary school students. Since the p-value is less than the 0.05 level of significance, the null hypothesis (H₀₁), which states that there is no significant relationship, was rejected while the alternative hypothesis (Ha₁) retained, confirming that hands-on learning activities significantly enhance students’ mathematical problem-solving capabilities.
Summarily, 86(72%) of students with a mean score of 3.395 on a scale of 4 agreed that hands-on activities such as mathematical models, tools and objects improve their abilities approach and solve problems. The study further found that hands-on learning activities has a moderate positive relationship with mathematics problem solving capabilities among students (r = 0.553, p = 0.001)
Research Question 2: What is the relationship between project-based activities and the development of mathematic solving capabilities among secondary school students?
Table 5: 
Descriptive statistics of students perspective on project-base activities
	Items
	SA
	A
	SA/A
	D
	SD
	D/SD
	Mean
	Std. 

	Math projects help me think critically.
	29
	68
	97(81%)
	19
	4
	23(19%)
	3.02
	0.733

	I apply concepts better through projects
	38
	48
	86(72%)
	24
	10
	34(28%)
	2.95
	0.924

	Group projects improve my problem-solving
	40
	35
	75(63%)
	36
	9
	45(38%)
	2.88
	0.963

	Projects make me confident with hard problems.
	69
	42
	111(93%)
	6
	3
	9(8%)
	3.47
	0.710

	I connect math to real life through projects.
	75
	38
	113(94%)
	5
	2
	7(6%)
	3.55
	0.659

	[bookmark: _Hlk207654460]Mean Response Score (MRS)
	50
	46
	96(80%)
	18
	6
	24(20%)
	3.17
	0.798



The results from Table 5 indicate that students generally hold positive views toward project-based activities as a means of improving their mathematical problem-solving skills. The highest-rated items were those relating to confidence and real-life application: 93% of the respondents agreed that projects make them more confident in handling difficult problems (mean = 3.47), while 94% agreed that projects help them connect mathematics to real life (mean = 3.55). These findings suggest that project-based learning not only supports knowledge acquisition but also builds self-efficacy and enhances the relevance of mathematics to students’ everyday lives.
Additionally, the data shows that projects contribute to the development of critical thinking and conceptual understanding. A significant proportion of students (81%) reported that math projects help them think critically (mean = 3.02), while 72% agreed that they apply concepts better through projects (mean = 2.95). Although the means here are slightly lower compared to confidence and real-life application, they still point toward the effectiveness of projects in promoting higher-order thinking and practical use of mathematics, which are key elements in developing strong problem-solving capabilities.
However, the lowest-rated item was group projects improving problem-solving, with only 63% agreement (mean = 2.88). This suggests that while students see value in individual or real-life oriented projects, they may encounter challenges in group collaboration, such as unequal participation or difficulties in teamwork dynamics. Despite this, the overall Mean Response Score (MRS = 3.17, SD = 0.798) indicates a generally positive perception, confirming that project-based activities are an effective approach to enhancing mathematical problem-solving. These responses are further visualized on figure 3 below.

Figure 3: Mathematic Problem-solving capabilities by students
Testing Hypothesis one at 0.05 level of significance
H₀₂: There is no significant relationship between project-based activities and the 	development of mathematics solving capabilities among secondary school students.
Ha₂: There is a significant relationship between project-based activities and the development 	of mathematics solving capabilities among secondary school students 
Table 6: Pearson correlation between project-based learning and Mathematics Solving Capabilities
	
	[bookmark: _Hlk207652969]Mathematics Solving Capabilities

	Project-based Activities
	Pearson Correlation
	0.604**

	
	Sig. (2-tailed)
	0.000

	
	N
	120

	Correlation is significant at the 0.01 level (2-tailed).



The Pearson correlation results in table 6 show a strong positive relationship between project-based activities and the development of mathematics problem-solving capabilities among secondary school students (r = 0.604, p = 0.000). Since the p-value is less than the 0.05 level of significance, the null hypothesis (H₀₂), which states that there is no significant relationship between the two variables, is rejected. This means that project-based activities significantly enhance students’ problem-solving abilities in mathematics. The implication is that engaging learners in projects fosters critical thinking, practical application of concepts, and confidence in tackling mathematical challenges.
Summarily, 96(80%) of students with a mean score of 3.17 on a scale of 4 agreed that project-based activities such as real life mathematical applications, mathematics projects improve their capabilities of solving problems. Findings further revealed that project-based activities have a strong positive relationship with mathematics problem solving capabilities of students (r = 0.604**, p = 0.001)
Discussion 
The findings from research objective 1 indicates that a majority of students (72%) recognize hands-on learning activities such as using mathematical models, tools, and objects as beneficial for enhancing their problem-solving abilities in mathematics. With a mean score of 3.395 on a 4-point scale, students affirmed that such approaches help them to better engage with mathematical concepts and develop critical problem-solving skills. This aligns with the works of researchers (Cheny and Bonam, 2025; Haury and Rillero, 1994; Ekwueme et al. 2015) who found that hands-on activities encourage active participation and deeper understanding, making abstract mathematical concepts more tangible and easier to apply. Similarly, Bruner’s (1966) theory of discovery learning emphasizes that learners grasp knowledge more effectively when they interact with concrete materials before progressing to abstract ideas.
Furthermore, the correlation analysis revealed a moderate positive relationship (r = 0.553, p = 0.001) between hands-on learning and problem-solving capabilities, suggesting that increased use of experiential learning strategies is associated with improved mathematical reasoning and performance. This finding is consistent with the results of Kolb’s (1984) experiential learning model, which points to the role of concrete experience in fostering higher-order thinking skills. Likewise, recent studies (Mji & Makgato, 2006; Prince, 2004; Cheny and Bonam, 2025; Maanu et al. 2024) show that active and practical learning strategies significantly improve learners’ ability to transfer theoretical knowledge into problem-solving contexts. Therefore, the results of this study strengthen the empirical evidence that hands-on learning is a powerful pedagogical tool for promoting problem-solving in mathematics.
Findings from the second research questions gave a strong agreement among students—96 out of 120 (80%) with a mean score of 3.17 on a 4-point scale—suggests that project-based activities significantly support the development of mathematical problem-solving capabilities. This is reinforced by the Pearson correlation result (r = 0.604, p = .001), indicating a strong and statistically significant positive relationship between project-based activities and mathematics problem-solving skills. These findings align with Shongwe’s (2024) quasi-experimental study in South Africa, which demonstrated that STEM-integrated, problem-based learning interventions notably enhanced students' mathematical problem-solving beliefs (p < .001, d = .50). Similarly, Yanti’s (2024) meta-analysis found that PBL significantly improves mathematical representation and critical thinking—both essential for tackling non-routine math problems. These parallels suggest that project-based activities in mathematics classrooms, not only enhances students' confidence in mathematics but also equips them with cognitive strategies and representational fluency necessary for problem solving.
Furthermore, a meta-analysis examining the broader effects of project-based learning on computational thinking and related skills revealed a moderate-to-large impact on problem-solving, creativity, and critical thinking, with effect sizes of up to 0.45 for problem-solving (p < .001; Education & Information Technologies, 2023). These results reinforces the observed correlation in the current study, emphasizing that problem-based activities is a key STEM approach. The convergence of these empirical findings suggests that integrating project-based activities into mathematics classrooms is more than just engaging, it cultivates essential cognitive habits, practical applications, and transferable skills that underpin effective problem solving in mathematics.
Conclusion and Implications
The study examined STEM lesson approaches and the development of mathematics solving capabilities among students in some secondary schools in Bamenda III sub-division in Mezam division of the North West region of Cameroon. Based on key findings, the study concludes that both hands-on learning and project-based activities significantly enhance secondary school students’ mathematical problem-solving capabilities in Bamenda III sub-division. Hands-on learning, including the use of models, tools, and objects, provides students with concrete experiences that improve engagement, understanding, and the application of mathematical concepts. The moderate positive correlation (r = 0.553, p = 0.001) indicates that experiential activities directly support students’ ability to approach and solve mathematical problems. Likewise, project-based activities, which connects mathematics to real-life contexts, demonstrated a strong positive relationship (r = 0.604, p = 0.001) with students’ problem-solving skills. These findings reinforce empirical evidence from STEM education research, showing that authentic, active, and inquiry-based pedagogies enhance cognitive strategies, critical thinking, and representational fluency, which are essential for tackling non-routine mathematical problems.
The implications of these findings for STEM education are substantial. Educators should leverage on hands-on and project-based strategies approaches to cultivate problem-solving competencies, improve learner confidence, and bridge the gap between theoretical knowledge and practical application. STEM education programs in secondary schools should prioritize experiential and project-oriented teaching methods to ensure students acquire both conceptual understanding and mathematical transferable problem-solving skills.
Recommendations
· Secondary school mathematics teachers should receive continuous training in hands-on and project-based STEM pedagogies to effectively implement experiential learning strategies in the classroom.
· Educational authorities should ensure that schools are equipped with adequate teaching aids, mathematical models, tools, and laboratory materials to facilitate hands-on learning and practical projects that support mathematical problem-solving capabilities.

Definitions:
GBHS: Government Bilingual High School
BCHS: Baptist Comprehensive College
STEM: Science Technology Engineering and Mathematics
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Appendix
QUESTIONNAIRE FOR STUDENTS
Dear students, we are carrying out research on stem lesson approaches and the development of mathematics solving capabilities among students in some secondary schools in Bamenda iii, Mezam division, northwest region, Cameroon Your responses to the items in this questionnaire would go a long way to help us achieve our goal. Be assured that all the answers that you provided shall remain confidential. 
Section A: Demographic Information
Instruction: Tick the appropriate response
1. Gender:  Male       Female              
             

1. Age Group: 10-15 years     16years above              
             

1. School Type:  Mission  Public               
              

Section B: Demographic Information
Kindly tick the responses that suit your agreement or disagreement (SA = 4, A = 3, D = 2, SD = 1). 
	S/N
	Hand-on activities 
	SA
	A
	D
	SD

	1
	I learn mathematics better when I use objects, tools, or materials in class
	
	
	
	

	2
	Doing practical activities helps me understand mathematics concepts more clearly.
	
	
	
	

	3
	I enjoy mathematics lessons that involve experiments, models, or real-life tasks
	
	
	
	

	4
	Hands-on activities make it easier for me to remember what I learn in mathematics
	
	
	
	

	5
	I participate more actively in class when the teacher uses hands-on learning activities.
	
	
	
	



	S/N
	Project based Activities 
	SA
	A
	D
	SD

	6
	Math projects help me think critically.
	
	
	
	

	7
	I apply concepts better through projects
	
	
	
	

	8
	Group projects improve my problem-solving
	
	
	
	

	9
	Projects make me confident with hard problems.
	
	
	
	

	10
	I connect math to real life through projects.
	
	
	
	



	S/N
	Mathematics Solving capabilities 
	SA
	A
	D
	SD

	11
	I am confident in solving new /unfamiliar mathematics problems.
	
	
	
	

	12
	I can explain the steps I use when solving a mathematics problem.
	
	
	
	

	13
	I can apply what I learn in mathematics to solve real-life problems.
	
	
	
	

	14
	When faced with a difficult math problem, I try different methods until I find a solution
	
	
	
	

	15
	I enjoy working on challenging mathematics problems that require critical thinking
	
	
	
	



Developement of maths solving capabilities

Strongly Agree	Agree	Disagree	Strongly Disagree	48.4	46	17.399999999999999	8.1999999999999993	


Impacted by Hands-on Learning Activities

Strongly Agree	Agree	Disagree	Strongly Disagree	37.200000000000003	48.8	21.8	12.2	


Affected by project based activities

Strongly Agree	Agree	Disagree	Strongly Disagree	48.4	46	17.399999999999999	8.1999999999999993	
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