



Effects of Linear and Interactive PowerPoint Teaching Strategies on Students’ Interest and Performance in Trigonometry among Senior Secondary School Students in Katsina State


Abstract
The integration of technology into mathematics instruction is increasingly essential for effective teaching and learning in the 21st century. This study investigated the effect of non-digital technology, Linear PowerPoint, and Interactive PowerPoint instructional strategies on senior secondary school students’ performance and interest in Trigonometry in Katsina State, Nigeria. The study specifically examined differences in students’ mean performance scores and interest levels across the three instructional methods. A quasi-experimental pretest–posttest non-randomized control group design was adopted. The population comprised all Senior Secondary School II students offering Mathematics in Katsina State, from which a sample of 180 students was selected using a multistage sampling technique. Data were collected using the Trigonometry Performance Test (TPT) and an Interest Questionnaire (IQ), both validated by experts and found to be reliable with coefficients of approximately 0.81 and 0.79. Descriptive statistics were used to answer the research questions, while Analysis of Covariance (ANCOVA) and one-way Analysis of Variance (ANOVA), followed by Scheffé post-hoc tests, were used to test the hypotheses at the 0.05 level of significance. The results revealed a statistically significant difference in the mean performance scores of students across the three instructional groups, F(2,176) = 181.96, p < .05, with Interactive PowerPoint producing the highest mean score and a large effect size (partial η² = .674). Significant differences were also found in students’ interest in Trigonometry across the instructional methods, F(2,177) = 411.10, p < .001, in favour of Interactive PowerPoint. The study concludes that Interactive PowerPoint instruction is more effective than Linear PowerPoint and non-digital instructional methods in enhancing students’ performance and interest in Trigonometry. The findings highlight the practical value of integrating interactive digital instructional strategies into secondary school mathematics classrooms.
Introduction
Mathematics is a foundational discipline in formal education worldwide, serving as a prerequisite for success in science, technology, engineering, and economics, and contributing significantly to the development of critical thinking, problem-solving, and analytical reasoning (OECD, 2019; NCTM, 2020; Kolawole & Oluwatayo, 2021). As nations pursue socio‑economic growth in an increasingly technology‑driven world, the quality of mathematics education has emerged as a central concern for educators, policy makers, and scholars. Despite its importance, student performance in mathematics particularly at the secondary school level remains unacceptably low in many developing countries, including Nigeria. Evidence from the West African Senior School Certificate Examination (WASSCE) consistently reveals poor achievement in mathematics, especially in abstract topics such as Trigonometry, which require higher‑order cognitive skills and spatial reasoning (West African Examinations Council, 2019, 2021).
Omirin & Oladosu (2024) investigated how teaching methods influence students’ attitude toward mathematics in Osun State, Nigeria. The study found that conventional teacher‑centred methods did not significantly influence students’ attitudes, suggesting other factors also affect attitudes toward mathematics learning in the Nigerian context.  Conventional approaches limit opportunities for active learning and fail to address the diverse needs of learners, contributing to widespread anxiety, low motivation, and negative interests in mathematics. 
In response to these challenges, educational stakeholders have increasingly emphasised the integration of technology into mathematics instruction as a strategy to empower teaching and improve learning outcomes. Technology integration, defined as the purposeful and systematic use of digital tools to enhance instructional delivery, promote learner‑centred pedagogies, and support meaningful interaction with content, has been shown to enrich the learning environment and facilitate deeper conceptual understanding (Mishra & Koehler, 2006). A recent synthesis of research underscores the potential of technology‑enhanced mathematics learning to strengthen engagement, offer dynamic representations of abstract concepts, and promote individualized learning pathways (Omer, Evers, & Wang, 2025). For example, systematic reviews of technology use in mathematics education have identified positive effects of digital tools—including augmented reality, dynamic geometry software, and interactive multimedia—on student engagement and learning outcomes, although implementation remains uneven across different contexts (Darmanova et al., 2025; Ayyad, 2023).
Empirical studies further support the positive influence of technology integration on mathematics achievement and interest. Recent research indicates that technology use in mathematics classrooms is positively associated with student performance and that student interest can mediate the relationship between technology use and achievement outcomes (Bright, Welcome, & Arthur, 2024). This mediating effect suggests that technology does not simply facilitate procedural learning but also enhances motivation and engagement, which are critical for sustained academic improvement. Furthermore, large‑scale assessments show positive associations between students’ use of information and communication technologies (ICT) and mathematics performance, highlighting the role of digital engagement in educational achievement at the national and international levels.
Among the diverse digital tools available, presentation software such as Microsoft PowerPoint remains widely accessible and frequently used in secondary school classrooms. PowerPoint facilitates the integration of text, graphics, animations, and multimedia elements that can aid visualization and structure complex mathematical ideas (Clark & Mayer, 2016). However, the instructional value of PowerPoint depends on how it is used. Traditional Linear PowerPoint presentations, which present content in a sequential, teacher‑controlled format, improve lesson clarity and organization but may still perpetuate teacher‑centred instruction. By contrast, Interactive PowerPoint approaches incorporate elements such as hyperlinks, embedded quizzes, multimedia feedback, and nonlinear navigation that encourage learner interaction and align with constructivist learning models (Jonassen, 1999; Moreno & Mayer, 2007; Susskind, 2005).
In the context of secondary mathematics education in Katsina State, Nigeria, the teaching of Trigonometry exemplifies the broader challenges of teaching abstract mathematical content. Trigonometry requires robust visualization and conceptual reasoning, yet many students struggle with these skills when instruction is limited to traditional methods. While some schools have basic digital resources, the extent to which technologies such as Linear and Interactive PowerPoint are leveraged to support mathematics teaching remains insufficiently explored. This gap is particularly evident given that much of the existing research on technology integration in mathematics has focused on developed countries or on emergent technologies rather than on accessible tools in resource‑limited settings.
Beyond PowerPoint, broader educational technologies—including blended learning platforms, mobile applications, and interactive mathematics software have shown promise in improving conceptual understanding, student engagement, and overall academic performance in mathematics (Infante, Abobo, & Crisologo, 2025). However, persistent barriers such as infrastructure limitations, digital literacy gaps, and unequal access to technology continue to constrain the effectiveness of technology integration in many schools, underscoring the need for comprehensive implementation strategies, teacher professional development, and institutional support (Infante et al., 2025).
Moreover, research on gender differences in mathematics learning highlights the importance of examining how technology integration interacts with student characteristics such as gender and interest. Studies suggest that gendered perceptions of mathematics ability can influence achievement outcomes and that effective instructional strategies may help mitigate confidence gaps and foster equitable participation (Xie & Chen, 2023; The Guardian, 2024). Therefore, investigating not only the main effects of technology integration but also its interaction with learner characteristics is critical for designing inclusive and effective mathematics instruction.
This study, therefore, examines the effect of technology integration as an empowering teaching strategy on students’ performance in Trigonometry among senior secondary school students in Katsina State. It investigates both the main and interaction effects of treatment, and students interest to provide empirical evidence that can inform instructional practice, teacher professional development, and educational policy aimed at improving mathematics performance in similar context.
Statement of the Problem
The researchers found that Trigonometry instruction in Senior Secondary Schools in Katsina State remains predominantly traditional, relying on non-digital tools and teacher-centered methods, despite some schools having access to digital technologies. This observation aligns with the report of Yusuf (2022), who noted that “teachers in Katsina State as a whole are not ready to integrate digital technologies in instruction and learning even when these technologies are readily available.” It is worth noting that Mathematics teachers’ reliance on non-digital technology integration, along with teacher-centered instructional approaches, has not yielded the desired learning outcomes in Trigonometry, both in the affective and cognitive domains, among students in Katsina State.
Udoh (2011) reported that many learners find it difficult to solve mathematical problems, including trigonometric problems, which constitutes a significant educational challenge with serious implications. Unfortunately, despite the recognized importance of mathematics in science, technology, and other fields, learners’ performance in the subject has remained persistently poor (Adolphus, 2011). Moreover, the West African Senior School Certificate Examination (WASSCE) Mathematics Chief Examiners’ Reports (2015–2023) indicated that questions on Trigonometry were poorly attempted by candidates, contributing to the overall poor performance in mathematics.
In an effort to address the problem of poor performance and lack of interest in Trigonometry, the integration of technology through Interactive PowerPoint teaching strategies is proposed. This study seeks to investigate whether Interactive PowerPoint can significantly enhance students’ interest and performance in Trigonometry. 
Research Objectives
The objectives of this study were to;
1. To determine the effect of non-digital technology, Linear PowerPoint, an Interactive PowerPoint on students’ performance in Trigonometry in Katsina State.
2. To determine the effect of non-digital technology, Linear PowerPoint, and Interactive PowerPoint on students’ interest in Trigonometry in Katsina State.
Research Questions
What is the difference in the mean performance scores of students taught Trigonometry using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State?
What is the difference in students’ interest in Trigonometry when taught using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State?
Research Hypotheses
H₀₁: There is no significant difference in the mean performance scores of students taught Trigonometry using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State.
H₀₂: There is no significant difference in students’ interest in Trigonometry when taught using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State.
Methodology
This study adopted a quasi-experimental pretest–posttest non-randomized control group design. The population comprised all public Senior Secondary School II students offering Mathematics in Katsina State. A sample of 180 SSII students was selected through a multistage sampling technique, involving random selection of educational zones and purposive selection of co-educational schools. The students were assigned to Interactive PowerPoint, Linear PowerPoint, and Non Digital Technology instructional groups.
Data were collected using the Trigonometry Performance Test (TPT) and Interest Questionnaire (IQ), both validated by experts and confirmed reliable through pilot testing (r ≈ 0.81 and 0.79). The treatment lasted for three months, after which post-tests were administered. Descriptive statistics were used to answer the research questions, while ANCOVA and Scheffé post-hoc analysis were employed to test the hypotheses at the 0.05 level of significance using SPSS.
Result
1. Difference in the mean performance scores of students taught Trigonometry using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State.
Table 1: Mean and Standard Deviation of Post-test Performance Scores by Treatment

	Teaching Methods
	Mean
	Std. Deviation
	N

	Non-Digital  (NDT)
	46.78
	8.053
	60

	Interactive PowerPoint (IPP)
	60.83
	9.985
	60

	Linear PowerPoint (LPP)
	52.38
	7.973
	60

	Total
	53.33
	10.427
	180


The descriptive analysis in Table 1 indicated clear differences in the mean post-test performance scores among the three teaching methods. Students taught using Interactive PowerPoint (IPP) achieved the highest mean score (M = 60.83, SD = 9.99), followed by those taught using Linear PowerPoint (LPP) (M = 52.38, SD = 7.97), while students taught using the Non Digital Technology method (NDT) recorded the lowest mean score (M = 46.78, SD = 8.05).
The mean difference between the Interactive PowerPoint and Linear PowerPoint groups was 8.45, while the difference between the Interactive PowerPoint and Non Digital Technology groups was 14.05. In addition, a mean difference of 5.60 was observed between the Linear PowerPoint and Non Digital Technology groups in favour of the Linear PowerPoint method. To determine whether this difference is significant or not, ANCOVA was carried out. The result is shown in Table 2.
Table 2. ANCOVA Results of mean difference in the academic performance scores of the three Research groups

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

	Corrected Model
	16155.135a
	3
	5385.045
	286.606
	.000
	.830

	Intercept
	19018.596
	1
	19018.596
	1012.219
	.000
	.852

	Pretest_Score
	10151.835
	1
	10151.835
	540.307
	.000
	.754

	Treatment
	6837.519
	2
	3418.760
	181.955
	.000
	.674

	Error
	3306.865
	176
	18.789
	
	
	

	Total
	531462.000
	180
	
	
	
	

	Corrected Total
	19462.000
	179
	
	
	
	



The result of the Analysis of Covariance in Table 2 shows that there is a significant difference between the mean performance scores of students taught using the different treatments, F(2, 176) = 181.955, p < .05, partial η² = .674, indicating a large effect size. This implies that the treatment had a significant effect on students’ performance after controlling for the pretest scores. Therefore, the null hypothesis was rejected. Since the ANCOVA result does not indicate which specific treatment group accounted for the observed difference, in Table 3 further analysis using an appropriate post-hoc test was conducted to determine the source of the difference.
Table 3: LSD Post-hoc analyses of mean performance scores of the three Research groups


	(I) Treatment
	(J) Treatment
	Mean Difference (I-J)
	Std. Error
	Sig.b
	95% Confidence Interval

	
	
	
	
	
	Lower Bound
	Upper Bound

	NDT
	IPP
	-15.122*
	.793
	.000
	-16.687
	-13.558

	
	LPP
	-7.694*
	.797
	.000
	-9.266
	-6.122

	IPP
	NDT
	15.122*
	.793
	.000
	13.558
	16.687

	
	LPP
	7.429*
	.793
	.000
	5.864
	8.993

	LPP
	NDT
	7.694*
	.797
	.000
	6.122
	9.266

	
	IPP
	-7.429*
	.793
	.000
	-8.993
	-5.864


Table 3 shows that there is a statistically significant difference between the mean post-test performance scores of students taught using Interactive PowerPoint and those taught using the NDT method, p < .05, d = 15.122, 95% C.I. = [13.558, 16.687]. The same also applies to the difference between students taught using Linear PowerPoint and those taught using the NDT method, p < .05, d = 7.694, 95% C.I. = [6.122, 9.266]. Therefore, it can be said that both Interactive PowerPoint and Linear PowerPoint accounted for the observed difference in students’ post-test performance.
However, it could be seen from Table 3 that there is also a statistically significant difference between the mean post-test performance scores of students taught using Interactive PowerPoint and those taught using Linear PowerPoint, p < .05, d = 7.429, 95% C.I. = [5.864, 8.993]. This implies that students taught using Interactive PowerPoint performed significantly better than those taught using Linear PowerPoint.
2. Difference in students’ interest in Trigonometry when taught using non-digital technology, Linear PowerPoint, and Interactive PowerPoint in Katsina State.
Table 4. Descriptive Analysis of the difference in the students’ interest in
Trigonometry
	Treatment
	Mean
	N
	Std. Deviation

	NDT
	38.80
	60
	10.974

	IPP
	59.47
	60
	45.543

	LPP
	45.18
	60
	18.460

	Total
	47.82
	180
	30.179


Table 4 shows that there is a difference in the mean interest scores of the three research groups in learning Trigonometry. The mean score of the Interactive PowerPoint (IPP) group (Mean = 59.47) differs by 14.29 points from the mean score of the Linear PowerPoint (LPP) group (Mean = 45.18) and by 20.67 points from the mean score of the NDT group (Mean = 38.80). There is also a difference of 6.38 points between the mean score of the Linear PowerPoint group and the NDT group in favour of the Linear PowerPoint group.
The standard deviations of the three groups are to some extent similar, which can be considered as moderate standard deviations. This implies that the interest scores of individual students in each group are not far from their respective group means. This shows that the mean interest score of students taught using Interactive PowerPoint is higher than those taught using Linear PowerPoint and NDT methods. To determine whether this difference is significant or not, ANOVA was carried out. The result is shown in Table 5.
Table 5: ANOVA Results of Groups’ Mean Scores in Students’ Interest in Trigonometry
	Source of Variation
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	11862.540
	2
	5931.270
	411.10
	.000

	Within Groups
	2554.380
	177
	14.432
	
	

	Total
	14416.920
	179
	
	
	


A one-way analysis of variance (ANOVA) was conducted to examine differences in students’ interest in Trigonometry across three teaching methods: non-digital technology, Linear PowerPoint, and Interactive PowerPoint. The results revealed a statistically significant effect of teaching method on students’ interest, F(2, 177) = 411.10, p < .001. This finding indicates that students’ interest in Trigonometry differed significantly depending on the instructional method used. Following the significant ANOVA result, Scheffé post-hoc comparisons were conducted to determine the specific groups between which the differences occurred. As shown in Table 6.
Table 6: Scheffé Post-hoc Analysis of Groups’ Mean Scores in Students’ Interest in Trigonometry
	(I) Groups
	(J) Groups
	Mean Difference (I–J)
	Std. Error
	Sig.

	IPP
	LPP
	7.37*
	.841
	.000

	
	NDT
	15.48*
	.829
	.000

	LPP
	IPP
	-7.37*
	.841
	.000

	
	NDT
	8.11*
	.798
	.000

	NDT
	IPP
	-15.48*
	.829
	.000

	
	LPP
	-8.11*
	.798
	.000


Table 6 shows the ANOVA results of the mean interest scores of students in Trigonometry when taught using Interactive PowerPoint (IPP), Linear PowerPoint (LPP) and Non-Digital Technology (NDT). The table revealed that F(2,177) = 346.418, p < 0.05, indicating that the difference in the mean interest scores of the three research groups is statistically significant.
The Scheffé post-hoc test presented in Table 6 revealed that the difference between the mean interest scores of each group was statistically significant in favour of Interactive PowerPoint. Students taught using Interactive PowerPoint demonstrated significantly higher interest in Trigonometry than those taught using Linear PowerPoint and NDT methods. Similarly, students taught using Linear PowerPoint showed significantly higher interest than those taught using the NDT method. Therefor based on the findings, the null hypothesis which states that there is no significant difference in students’ interest in Trigonometry when taught using non-digital technology, Linear PowerPoint and Interactive PowerPoint is rejected.
Summary of the Findings
The study sustained the following findings
1. Significant difference exists in the mean performance scores of students in Non-digital technology of Non Digital Technology group, Linear PowerPoint group and those in Interactive PowerPoint group.
2. Significant difference exists in the mean rating of students’ interest in Trigonometry when taught using Non-digital technology of Non Digital Technology, Linear PowerPoint and those taught using Interactive PowerPoint.
Discussion of Findings
The results of this study indicate a statistically significant difference in the mean performance scores of students taught Trigonometry using Interactive PowerPoint compared with those taught using Linear PowerPoint and non-digital (chalkboard) methods. The magnitude of the effect suggests that Interactive PowerPoint substantially enhanced students’ performance, likely due to increased engagement and improved conceptual understanding. This finding supports recent evidence that interactive digital instructional media can positively influence mathematics achievement when effectively integrated into classroom instruction (Sabo & Kankia, 2025; Erdoğan, 2025).
The finding is consistent with Sabo and Kankia (2025), who reported significant improvements in Trigonometry performance among students taught with Interactive PowerPoint at the secondary school level. However, some studies have reported mixed results, emphasizing that the effectiveness of interactive media depends on instructional design quality and contextual factors (President University study, 2025).
In addition, a significant difference was found in students’ interests in Trigonometry across the instructional methods. Students exposed to Interactive PowerPoint demonstrated more positive interests than those taught using Linear PowerPoint and non-digital instruction, indicating that interactive digital tools can enhance learners’ affective responses to mathematics. This result aligns with findings by Mercado et al. (2025) and Erdoğan (2025), who reported increased motivation and engagement among students taught with interactive digital presentations. Although contrary evidence exists suggesting that interest gains may not always be significant without adequate pedagogical support (President University study, 2025), the present study provides evidence that Interactive PowerPoint instruction can positively influence both performance and interest in Trigonometry.
Conclusion
This study concludes that the mode of instruction significantly influences students’ performance and interests in Trigonometry. Interactive PowerPoint instruction was found to be more effective than Linear PowerPoint and non-digital (chalkboard) methods in enhancing students’ academic performance and interests in the subject. The findings suggest that the incorporation of interactive features in digital instructional presentations promotes greater learner engagement, deeper conceptual understanding, and improved affective outcomes. Consequently, Interactive PowerPoint represents a viable and effective instructional strategy for teaching Trigonometry at the secondary school level, particularly when appropriately designed and implemented.
Recommendations
1 Mathematics teachers should adopt interactive PowerPoint instruction in the teaching of Trigonometry to enhance students’ academic performance and attitudes toward the subject.
2 Teacher education institutions and professional development programs should provide training on the effective design and use of interactive digital instructional materials for mathematics teaching.
3. School administrators and educational stakeholders should ensure the availability of adequate technological resources and infrastructure to support the integration of interactive digital tools in classrooms.
4. Curriculum planners should encourage the integration of interactive digital instructional strategies into the secondary school mathematics curriculum.
5. Future research should investigate the long-term effects of interactive PowerPoint instruction on students’ retention of Trigonometry concepts and extend the investigation to other mathematics topics and educational contexts.
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