Improving Problem-Solving Skills through Contextualized Instruction: The Case of Tvet Institution in Ghana
Abstract
Mathematics plays a crucial role in Technical and Vocational Education and Training (TVET), providing the foundation for problem-solving in technical fields such as automotive engineering. However, persistent underperformance in mathematics limits the academic success and employability of many Ghanaian TVET learners. While numerous studies have examined factors influencing achievement, limited research has explored the effectiveness of contextualized instruction in enhancing problem-solving skills. This study investigates the impact of contextualized instruction on the problem-solving performance of automotive engineering students in a selected TVET institution in Ghana. A quasi-experimental pre-test/post-test design was employed with 45 participants. The pre-test measured students’ baseline problem-solving skills, followed by a four-week intervention using contextualized instruction before a post-test to assessed subsequent performance. Data were analyzed using paired samples t-tests and effect size calculated. Results showed a statistically significant improvement in problem-solving performance after the intervention, t (44) = 23.47, p < .001, with a very large effect size (Cohen’s d = 3.50). These findings demonstrated that contextualized instruction is a highly effective approach for improving problem-solving skills in TVET mathematics. Recommendations are made for policy, practice and further research to strengthen problem-solving competencies among Ghanaian TVET students.
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 Introduction
Mathematics played a crucial role in all academic disciplines and forms a foundational component of pre-tertiary curricula worldwide. Within STEM education, Mathematics is particularly critical in Technical and Vocational Education and Training (TVET) programs, where it serves as a key enabler of technical competence (Adelabu & Pharamela, 2024). For instance, in automotive engineering computational skills, precision and logical reasoning are core competencies of most workshop tasks and therefore require mathematics problem-solving skills (Maksum & Sabrina, 2024; Mohamad, 2017). As Maass et al. (2019) explain, Mathematics supports diverse fields such as engineering, manufacturing and diagnostics; domains directly relevant to TVET. In Ghana, TVET programs aim to develop a skilled workforce that contributes to national development, as emphasized by UNESCO (2016).
Despite this importance, persistent underperformance in Core Mathematics among pre-tertiary TVET learners remains a pressing challenge (Boafo, 2017). According to Ayene et al. (2010), poor results in Mathematics contribute to negative learner attitudes, creating a cycle of low engagement and achievement. While various studies have investigated factors affecting performance (Akansiaba et al. 2025; Adu et al. 2024; Boafo, 2016), limited attention has been given to how instructional strategy that connects mathematical concepts to practical trade applications. Contextualized instruction, where mathematical problem-solving is integrated with authentic trade-related scenarios has been identified as a potential strategy to bridge this gap (Fokuo et al., 2022).
With contextualization, Amalia et al. (2024) refers to it within problem-solving as integration of real-life situations into the teaching of problem-solving skills, making learning more meaningful and relevant to students’ experiences. Research had revealed that students are more likely to grasp mathematical concepts when they are taught through meaningful, relevant and familiar contexts (Clarke & Roche, 2018). For instance, using the concept trigonometry in wheel alignment allows learners to visualize the practical application of mathematics or teaching linear measurement through tasks like calculating brake pad wear. Moreover, Contextualization enhances students’ engagement, improves retention and increases their ability to transfer knowledge to workplace problems (Perin, 2011). Reinke (2019) asserted that contextualized instruction transforms mathematics teaching from abstract theory to meaningful applied teaching which enables students to tackle technical problems with competence and confidence.
In TVET, Amalia et al. (2024) observed that contextualizing mathematics problem-solving is a powerful strategy that bridges the gap between theoretical classroom knowledge and vocational practice. It involves incorporating academic mathematics content with vocational tasks to improve relevance and applicability. Several researches in sub-Saharan Africa, including Ghana, have indicated the need for contextualized teaching in vocational institutions to enhance learning outcomes and employability (Allais, 2022; Akyeampong, 2014). However, most TVET curricula still isolate mathematics concept from trade, creating disconnected learning experiences for students (Vimbelo & Bayaga, 2023). By connecting mathematics ideas with automotive scenarios, like fuel consumption analysis, torque calculations and electrical diagnostics could promote a more merged and skills-based training environment that better industry demands.
This misalignment between classroom instruction, curriculum expectations and workplace skill demands had reduced the effectiveness of TVET programs (Nkunya & Mwila, 2024). Noe (2025) emphasize the need for curricula that are both well-structured and relevant to learners’ career pathways. However, current research shows that in Ghana, contextual problem-solving in Mathematics is not consistently emphasized across instructional materials and classroom practice (Amalia et al., 2024; Akyeampong, 2014). This raises concerns about how well TVET programs prepare learners for technical problem-solving in real-world contexts.
Nonetheless, effective contextualization aligns mathematical learning with the practical tasks learners will encounter in the automotive and mechanical fields (Kaviya & Suryadharani, 2025; Amalia et al., 2024). In Ghana, however, research on how contextualized teaching impacts problem-solving skills in TVET Mathematics is scarce. International studies (Mills, 2022; Marbach-Ad et al., 2019) show that instruction which explicitly links theory to application enhances learners’ conceptual understanding, skill retention and confidence in solving workplace-related problems. This study addresses the gap by examining how contextualized instruction in Mathematics can improve problem-solving skills within a TVET automotive engineering program in Ghana. The findings aim to provide insights for curriculum designers and instructors to enhance instructional strategies and strengthen the technical readiness of TVET graduates.
In summary, this research the effectiveness of contextualized instruction in improving problem-solving skills among TVET students in Ghana. It is guided by the following research questions:
1. What is the level of students’ problem-solving skills before the implementation of contextualized instruction?
2. What is the level of students’ problem-solving performance after the implementation of contextualized instruction?
3. Is there a statistically significant difference in students’ problem-solving performance before and after the implementation of contextualized instruction?
Methodology
This study adopted a positivist paradigm, which supports the objective measurement and quantification of changes in students’ problem-solving skills. This paradigm allowed the researchers to apply statistical analysis to evaluate the effect of contextualized instruction on students’ performance in mathematics-related automotive engineering tasks (Creswell & Creswell, 2018). A quasi-experimental pre-test and post-test design was employed to determine whether contextualized instruction leads to a statistically significant improvement in students’ problem-solving abilities.
Sample and Sampling Technique
The study was conducted at a selected TVET institution in Ghana. Using simple random sampling, a sample of 45 automotive engineering students was selected from the target population. This approach ensured each student had an equal chance of selection, thereby minimizing sampling bias (Kuranchie, 2021). The Cochran formula was applied to verify that the sample size was appropriate for the small population, maintaining a 10% margin of error. This ensured representativeness and reduced potential sampling error (Creswell & Creswell, 2018).
Data Collection Instruments
The researchers’ selves developed instruments were used to collect data: A problem-solving test containing contextualized mathematics problems related to automotive engineering for the pre-test. The same test items with varied numbering were administered after the intervention (contextualized instruction) to measure improvement in problem-solving skills.
The test items were designed to assess mathematical reasoning, application to real-world automotive contexts and problem-solving strategies. Both pre-test and post-test were validated by experts in mathematics education and automotive engineering to ensure relevance and appropriateness.
Validity and Reliability of Instruments
Content validity was established by aligning all test items with curriculum learning outcomes and the skills targeted by the contextualized instruction. Experts rated each item’s relevance using a 4-point scale. The Item-Level Content Validity Index (I-CVI) for the pre-test and post-test were 0.89 and 0.91, respectively, exceeding the 0.78 threshold (Ghahramanian et al., 2015).
Reliability was established through a pilot study involving 15 students not included in the main sample. The Cronbach’s Alpha coefficients for the test of (α = 0.87) indicated strong internal consistency. Inter-rater reliability for the scoring of open-ended items was assessed using Cohen’s Kappa, which yielded a coefficient of 0.91 (p < 0.000), reflecting a high level of agreement between raters.

Data Collection Procedure
The study followed to ethical research procedures. Following the approval of ethical clearance by the ethic review board, approval was further obtained from the head of the institution. All participants were informed about the purpose of the study and ensure participation was voluntary. Confidentiality of participants was maintained by anonymizing student data and used solely for academic purposes.
After ensuring these procedures, the researchers administered the pre-test to determine students’ baseline problem-solving performance. Over a four-week period, contextualized instruction was implemented, integrating mathematics concepts into practical automotive engineering tasks (e.g., fuel consumption calculations, gear ratio analysis and brake force distribution). At the end of the intervention, the post-test was administered to measure improvement in problem-solving skills.
Data Analysis
Data from the pre-test and post-test were analyzed using SPSS (version 23). Descriptive statistics (mean, standard deviation) were used to summarize students’ performance. Inferential statistics: A paired samples t-test was conducted to determine if there was a statistically significant difference between pre-test and post-test scores. Effect size (Cohen’s d) was calculated to measure the magnitude of improvement in problem-solving skills.
The results were interpreted in relation to the research questions to determine the impact of contextualized instruction.
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RESULTS AND DISCUSSION
This section presents the findings of the study and discusses the findings in relation to the research objective; improving problem-solving skills through contextualized mathematics instruction in an automotive TVET setting. Both descriptive and inferential statistics are reported, followed by a discussion that situates the results within the broader literature.
DESCRIPTIVE STATISTICS OF PRE-TEST AND POST-TEST SCORES
A descriptive analysis of the test scores was conducted to determine students' performance before and after the intervention.
Table 4.1: Descriptive Statistics
	Test
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Pre-Test
	45
	16
	54
	36.29
	10.38

	Post-Test
	45
	56
	94
	77.78
	11.13


As shown in the table 4.1 and figure 4.1, the mean score of students increased from 36.29 in the pre-test to 77.78 in the post-test, indicating a scored improvement after contextualized instructional intervention. The standard deviation values show moderate variability among student scores in both tests.




Figure 4.1: Bar chart showing the mean scores before and after the intervention.
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Figure 4.1 presents a bar chart comparing the mean scores of students before (pre-test) and after (post-test) the intervention. The chart shows a substantial increase in mean scores following the implementation of contextualized instruction. This indicates that the intervention had a positive impact on students’ problem-solving performance, with post-test scores significantly higher than pre-test scores. The clear difference between the two bars visually supports the statistical findings of improved performance after the intervention.
INFERENTIAL STATISTICS – PAIRED SAMPLES T-TEST
To determine the statistical significance of the improvement, a paired samples t-test was conducted.
Table 4.2: Paired Samples t-Test
	Comparison
	Mean Difference
	T
	Df
	Sig. (2-tailed)

	Post-Test – Pre-Test
	41.49
	    23.47
	         44
	0.000


A paired samples t-test was conducted to compare students’ problem-solving performance before and after the implementation of contextualized instruction. The results indicated a significant improvement in post-test scores (M = 77.78, SD = 11.13) compared to pre-test scores (M = 36.29, SD = 10.38), t (44) = 23.47, p < .001. The mean difference of 41.49 points represents a very large effect size, Cohen’s d = 3.50. According to Cohen’s (1988) guidelines (d = 0.2 small, 0.5 medium, 0.8 large), a d value of 3.50 indicates that the contextualized instruction had an extremely large positive effect on students’ problem-solving skills..
Discussion of Findings
The findings of this study provide strong evidence that contextualized instruction improves mathematical problem-solving among technical students. The large mean difference  of 41.49 points between pre-test and post-test scores indicates that linking mathematical content to trade-specific tasks in automotive engineering enhances understanding and practical application.
The substantial improvement in students’ problem-solving performance after the contextualized instruction aligns with findings from previous research. Asante-Mensah et al. (2024) reported that TVET students exposed to inquiry-based instructional approaches in Ghana significantly outperformed those taught through traditional methods, with a large effect size (Cohen’s d = 1.13), supporting the effectiveness of active, context-driven pedagogy. Similarly, studies on contextual mathematical modeling demonstrate that embedding mathematics within authentic, real-world problems leads to higher gains in problem-solving skills and conceptual understanding compared to conventional instruction (Amalia et al., 2024). These outcomes are consistent with constructivist learning principles, which posit that situating mathematics in relevant vocational contexts such as automotive engineering tasks enhances engagement, deeper understanding and transfer of knowledge (Vimbelo & Bayaga, 2024; Lee & Wong, 2021).
The statistically significant result validates that the contextualized approach is not only theoretically sound but also practically effective in improving learning outcomes in technical education.
Policy Implications for TVET Automotive Engineering
The findings highlight the urgent need for policy reforms in instructional design, assessment practices and curriculum monitoring to strengthen problem-solving skills in TVET programs. NABPTEX and WAEC as the primary bodies responsible for curriculum standards and examination quality assurance should develop clear instructional guidelines that promote the integration of contextualized teaching strategies across TVET institutions. Furthermore, assessment frameworks should be revised to incorporate tasks that authentically evaluate students’ ability to apply mathematical concepts to real-world technical and vocational problems. Regular monitoring and evaluation of instructional practices should be institutionalized to ensure that contextualized instruction is consistently implemented and aligned with national competency standards. These measures will foster accountability, enhance instructional quality, and improve the overall problem-solving capacity of TVET graduates.
Conclusion
The study investigated the effectiveness of contextualized mathematics instruction in promoting problem-solving skills among students in an automotive engineering TVET program. The results demonstrate a significant improvement in students’ performance following the intervention. The average pre-test score was 36.29, which rose to 77.78 in the post-test, with a statistically significant difference (p < .001).
This confirms that when mathematics is taught in a context relevant to students’ trade areas, it becomes more meaningful, accessible and useful. The findings align with constructivist learning theory, which emphasizes learning in authentic contexts and demonstrate the value of bridging academic and vocational education.
Limitations
While this study provides valuable insights into the impact of contextualized instruction on improving problem-solving skills among TVET students, several limitations must be acknowledged. First, the study focused on a single TVET institution, which may limit the generalizability of the findings to other institutions with different contexts, resources, or instructional approaches. Second, the study examined improvement primarily through pre-test and post-test scores, without directly assessing the long-term retention of problem-solving skills. This short-term focus may not capture the sustained impact of contextualized instruction over time. Third, the sample size, although determined to be statistically adequate, was relatively small, which could reduce the statistical power of the findings. In addition, classroom observations and instructional delivery were conducted by the same instructor, which, despite efforts to maintain consistency, could introduce instructor bias. Finally, the study measured problem-solving ability through written assessments, which may not fully capture students’ application of problem-solving skills in practical, real-world automotive engineering tasks.
Implications and Policy Recommendations
The findings of this study have important implications for curriculum delivery, instructional practice, and assessment policy in Ghana’s pre-tertiary TVET sector. First, the significant improvement in students’ problem-solving skills following contextualized instruction highlights the need for systematic integration of contextualized approaches into the national TVET curriculum. Instructional guidelines should clearly outline strategies for linking mathematics concepts to real-world technical tasks, particularly in automotive engineering.
In terms of assessment, examination frameworks should be revised to include problem-based and application-oriented items that measure students’ ability to transfer mathematical knowledge to vocational contexts. Policymakers should institutionalize instructional quality audits to ensure that contextualized approaches are consistently implemented across TVET institutions.
Furthermore, teacher professional development programs should prioritize training in contextualized pedagogy. This includes equipping instructors with practical strategies, industry-relevant examples, and collaborative lesson planning techniques that align classroom teaching with the technical demands of the trade. By strengthening teacher capacity, curriculum coherence, and assessment alignment, policy reforms can foster a more effective and equitable approach to developing problem-solving competencies among TVET students.

[bookmark: _GoBack]Recommendations for Further Research
To build on the findings of this study, future research should consider the following directions:
1. Examine the extent to which problem-solving skills gained through contextualized instruction are retained over time. Longitudinal studies can help determine whether improvements observed immediately after the intervention persist in subsequent academic terms or in workplace settings.
2. The cognitive strategies students use when solving contextualized mathematical problems in automotive engineering. Frameworks such as Bloom’s Taxonomy or Webb’s Depth of Knowledge (DOK) could be applied to assess whether students are developing higher-order thinking skills (analysis, evaluation, and creation) in addition to procedural fluency.
3. Combine quantitative measures (e.g., test score improvements) with qualitative data from classroom observations, instructor interviews, and student feedback. This approach would provide richer insights into how contextualized instruction influences student engagement, understanding, and practical problem-solving abilities.
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