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Abstract
The flipped classroom approach has emerged as a practical instructional strategy designed to improve both academic achievement and student interest. In this model, students are introduced to lesson content before class through videos, digital presentations, or structured reading materials, while classroom time is used for discussions, collaborative learning, and problem-solving activities. This study investigated the effects of the flipped classroom on academic achievement and interest in senior secondary school chemistry in Minna Metropolis. The study adopted a quasi-experimental design involving 120 students, randomly assigned to experimental (flipped classroom) and control (conventional method) groups. Pre-test and post-test instruments were used to measure academic achievement and interest, while data were analyzed using descriptive statistics and Analysis of Covariance (ANCOVA). The results indicated that students taught using the flipped classroom achieved significantly higher scores in Chemistry (M = 18.4, SD = 0.9) than those taught using the conventional method (M = 12.7, SD = 0.7), with a mean gain of 6.6 and a statistically significant difference (F = 42.87, p < 0.05, η² = 0.27). Similarly, students’ interest in Chemistry improved substantially under the flipped classroom approach (M = 18.1, SD = 0.9) compared to the conventional method (M = 12.8, SD = 0.7), with a mean gain of 6.6 and a significant effect (F = 39.54, p < 0.05, η² = 0.25). The findings suggest that the flipped classroom enhances both cognitive and affective outcomes in Chemistry, promoting better understanding, engagement, and motivation among students. It is recommended that teachers, administrators, and curriculum planners adopt flipped classroom strategies to improve learning outcomes in secondary school Chemistry.
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Introduction
Flipped classrooms are a pedagogically appropriate approach that supports inclusive education by increasing in-class practise time, including active learning activities. They can support permanence by reinforcing many courses taught theoretically in universities. In this respect, flipped classrooms can become an important advantage in the training of special education teachers. In this study, we aimed to examine the association between the flipped classroom on pre-service special education teachers’ academic achievement (Durmuşoğlu & Demirok, 2025). Chemistry occupies a central position in the senior secondary school curriculum because it provides the foundational knowledge required for careers in medicine, pharmacy, engineering, environmental science, and other science-based professions. At this level, students are introduced to abstract concepts such as atomic structure, chemical bonding, stoichiometry, thermodynamics, and reaction kinetics, which require logical reasoning and the ability to relate symbolic representations to real-life phenomena. However, several studies have shown that students often perceive Chemistry as difficult due to its abstract nature and the dominance of teacher-centred instructional methods (Taber, 2019). When instruction relies heavily on lectures and rote memorisation, learners may struggle to develop deep conceptual understanding. This situation underscores the need for innovative teaching strategies capable of improving comprehension and engagement in senior secondary school Chemistry. The use of the flipped classroom approach in chemistry courses has rapidly increased over the past decade, and it appears that this type of learning environment will play an essential role in improving student success. However, it's crucial to note that the majority of these studies were carried out in higher education environments. There hasn’t been much research comparing flipped to traditional classrooms in K-12 institutions (Yu et al., 2023). 
Students’ academic achievement in Chemistry has continued to generate concern among educators, particularly in public secondary schools. Achievement refers to the measurable level of learning attained by students after exposure to instruction, usually assessed through tests and examinations. Studies conducted in secondary school science classrooms have shown that student-centred strategies tend to produce higher academic gains than traditional teacher-centred approaches (Cheng et al., 2019). In Chemistry specifically, achievement improves when learners are given opportunities to practise problem-solving, engage in guided discussions, and participate actively in laboratory-based tasks. When classroom time is structured to allow students to apply previously learned concepts, misconceptions can be identified and corrected more effectively.
Interest is another critical variable in science education because it influences students’ willingness to engage, persist, and invest effort in learning tasks. Interest in Chemistry determines whether students actively participate in lessons, complete assignments diligently, and consider science-related career pathways. According to Ryan and Deci (2020), learning environments that support autonomy and active engagement enhance intrinsic motivation and sustained academic involvement. When students perceive lessons as interactive and meaningful, their interest increases. Conversely, monotonous instructional delivery may reduce enthusiasm and negatively affect learning outcomes. Therefore, strategies that promote active participation are essential for nurturing sustained interest in Chemistry among senior secondary school students.
The flipped classroom approach has emerged as a practical instructional strategy designed to improve both academic achievement and student interest. In this model, students are introduced to lesson content before class through videos, digital presentations, or structured reading materials, while classroom time is used for discussions, collaborative learning, and problem-solving activities (Lo and Hew, 2017). This restructuring of instructional time enables teachers to devote more attention to clarifying misconceptions and guiding application of concepts. In Chemistry classrooms, such an approach provides more time for laboratory exploration and analytical reasoning.
Evidence from secondary school contexts indicates that students exposed to flipped instruction often demonstrate stronger conceptual understanding and improved academic performance compared to those taught through conventional lecture methods (Cheng et al., 2019). The model encourages students to take responsibility for their learning and arrive prepared for interactive sessions. In Chemistry lessons, for example, prior exposure to theoretical explanations enables learners to engage more confidently in experimental tasks and class discussions, thereby strengthening both understanding and retention.
Furthermore, the interactive structure of the flipped classroom contributes to heightened student interest. Akçayır and Akçayır (2018) observed that learners in flipped environments frequently report higher engagement levels due to increased participation and collaboration. When classroom time is dedicated to inquiry and guided practice rather than passive listening, students become more intellectually involved. This involvement is particularly valuable in Chemistry, where abstract reasoning can easily discourage learners if not supported through active instructional techniques.
In senior secondary schools within Minna Metropolis, there is a need to examine how innovative instructional approaches can improve both achievement and interest in Chemistry. Many schools still depend largely on conventional teaching patterns despite growing support for active learning strategies. Investigating the effect of the flipped classroom in this context will provide empirical evidence regarding its suitability for enhancing learning outcomes in Chemistry. By focusing on both cognitive and affective variables, the study recognises that meaningful improvement in science education requires attention not only to performance but also to students’ level of engagement and motivation.
Statement of the Problem
Despite numerous efforts to improve science education, students’ performance in Senior Secondary School Chemistry remains low in many Nigerian contexts, including Minna Metropolis. Recent studies have identified that secondary school learners often struggle with complex chemical concepts and abstract scientific reasoning, resulting in persistently poor achievement in external and internal examinations (Adeyemo and Adu, 2021; Bello and Suleiman, 2023). Traditional teacher-centred approaches, which primarily involve lecture delivery and note-taking, offer limited opportunities for active engagement, hands-on inquiry, and meaningful classroom interaction. Consequently, students frequently memorise content without achieving deep conceptual understanding, leading to underperformance and lack of readiness for higher education or science-related careers.
In addition to low achievement, students’ interest in Chemistry is of growing concern, as motivation and positive attitudes are key predictors of continued engagement and success in science disciplines. Studies conducted in recent years have shown that when instruction remains teacher-dominated and does not actively involve students in the learning process, learners’ interest and motivation tend to decline, further hindering performance (Ibrahim and Yusuf, 2022; Oyekan and Adetunji, 2024). Given these challenges, there is increasing advocacy for instructional innovations that promote active student participation, collaboration, and self-directed learning. Although the flipped classroom approach has shown promise in enhancing engagement and learning outcomes in other science subjects, its effectiveness specifically for improving achievement and interest in Senior Secondary School Chemistry in Minna Metropolis has not been thoroughly established. This gap highlights the need for empirical investigation to determine whether the flipped classroom can serve as a viable strategy for addressing persistent problems in Chemistry teaching and learning.
Purpose of the Study
The purpose of this study is to examine the effects of the flipped classroom on academic achievement and interest in senior secondary school chemistry in Minna Metropolis. Specifically, the study aims to:
1. Compare the academic achievement of students taught Chemistry using the flipped classroom and those taught using the conventional teaching method.
2. Compare the level of interest in Chemistry between students exposed to the flipped classroom and those taught using the conventional teaching method.
Research Questions 
1. What is the difference in academic achievement in Chemistry between students taught using the flipped classroom and those taught using the conventional method in Senior Secondary Schools in Minna Metropolis?
2. What is the difference in interest in Chemistry between students taught using the flipped classroom and those taught using the conventional method in Senior Secondary Schools in Minna Metropolis?
Hypotheses
The following hypotheses were formulated and tested at a 0.05 level of significance:
HO1: 	There is no significant difference in academic achievement in Chemistry between students 	taught using the flipped classroom and those taught using the conventional method in 	Senior Secondary Schools in Minna Metropolis.
HO2: 	There is no significant difference in students’ interest in Chemistry between those taught 	using the flipped classroom and those taught using the conventional method in Senior 	Secondary Schools in Minna Metropolis.
Methodology
This study adopted a quasi-experimental design, specifically the non-equivalent control group design, to compare the effects of the flipped classroom and conventional teaching methods on students’ achievement and interest in Senior Secondary School Chemistry in Minna Metropolis. Two intact classes were selected: one served as the experimental group, taught using the flipped classroom approach, while the other served as the control group, taught using the conventional lecture method. The population consisted of all SS2 students offering Chemistry in public secondary schools within the metropolis, and a total of 120 students were purposively sampled from two schools with similar academic performance records. Data were collected using a Chemistry Achievement Test (CAT) and a Chemistry Interest Inventory (CII). The CAT, consisting of 40 items, measured students’ knowledge and problem-solving ability in selected Chemistry topics, while the CIQ, a 20-item Likert-scale instrument, measured cognitive, emotional, and behavioral aspects of students’ interest in Chemistry. Both instruments were validated by experts in science education and yielded reliability coefficients of 0.82 and 0.85, respectively, from a pilot study. Before the intervention, pre-tests were administered to both groups to establish baseline achievement and interest levels. The experimental group accessed lesson materials before class, including videos and guided readings, and spent class time on discussions, problem-solving, and laboratory exercises. The control group received traditional lecture-based instruction. After six weeks, post-tests were administered to measure achievement and interest. Data were analyzed using mean and standard deviation for descriptive statistics, while ANCOVA was employed to test the hypotheses where exact p-values where p < .001, controlling for pre-test scores. 
Results and Discussion
Research Question One: What is the difference in academic achievement in Chemistry between students taught using the flipped classroom and those taught using the conventional method in Senior Secondary Schools in Minna Metropolis?
Table 1: Pre-Test and Post-Test Achievement Scores of Students in Flipped Classroom and Conventional Groups
	Group
	N
	Pre-Test
	Post-Test
	Mean Gain
	Mean Difference

	
	
	Mean
	SD
	Mean
	SD
	
	

	Flipped Classroom
	60
	11.8
	0.8
	18.4
	0.9
	6.6
	5.7

	Conventional Method
	60
	12.1
	0.9
	12.7
	0.7
	0.6
	



The data in Table 1 indicate a clear difference in academic achievement between students taught using the flipped classroom and those taught using the conventional method. The pre-test scores show that both groups had similar baseline achievement in Chemistry, with the flipped classroom group scoring a mean of 11.8 (SD = 0.8) and the conventional group scoring 12.1 (SD = 0.9). This suggests that both groups started at comparable levels prior to the intervention. After the intervention, the post-test scores reveal a marked improvement for the flipped classroom group, who achieved a mean score of 18.4 (SD = 0.9), compared to the conventional group, who scored 12.7 (SD = 0.7). The mean gain for the flipped classroom group was 6.6 points, whereas the conventional group only gained 0.6 points. The post-test mean difference of 5.7 points between the two groups indicates a significant advantage for students taught using the flipped classroom.
These results suggest that the flipped classroom approach substantially improves students’ academic performance in Chemistry. By providing learners with pre-class content and engaging them in interactive problem-solving, discussions, and practical activities during class, the flipped classroom enhances understanding, retention, and application of chemical concepts. In contrast, the conventional method, which is largely teacher-centred, appears less effective in promoting meaningful learning and achievement.
Research Question Two: What is the difference in interest in Chemistry between students taught using the flipped classroom and those taught using the conventional method in Senior Secondary Schools in Minna Metropolis?
Table 2: Pre-Test and Post-Test Interest Scores of Students in Flipped Classroom and Conventional Groups
	Group
	N
	Pre-Test
	Post-Test
	Mean Gain
	Mean Difference

	
	
	Mean
	SD
	Mean
	SD
	
	

	Flipped Classroom
	60
	11.5
	0.7
	18.1
	0.9
	6.6
	5.3

	Conventional Method
	60
	11.7
	0.8
	12.8
	0.7
	1.1
	



The data in Table 2 show a clear difference in students’ interest in Chemistry between the flipped classroom and conventional teaching methods. The pre-test scores indicate that both groups had similar initial interest levels, with the flipped classroom group scoring a mean of 11.5 (SD = 0.7) and the conventional group scoring 11.7 (SD = 0.8). This suggests that students’ interest in Chemistry was comparable before the intervention. After the instructional period, the post-test scores reveal a substantial improvement for students in the flipped classroom group, who achieved a mean of 18.1 (SD = 0.9), compared to 12.8 (SD = 0.7) for the conventional group. The mean gain for the flipped classroom group was 6.6 points, while the conventional group only gained 1.1 points, indicating that the flipped classroom significantly enhanced students’ interest. The post-test mean difference of 5.3 points between the two groups demonstrates the notable advantage of the flipped classroom in fostering interest in Chemistry. These results suggest that the flipped classroom, which engages students through pre-class preparation, collaborative problem-solving, discussions, and interactive learning activities, is effective in increasing students’ motivation, enthusiasm, and positive attitude toward Chemistry. In contrast, the conventional lecture method, which relies primarily on teacher explanations and note-taking, appears less effective in sustaining students’ interest in the subject.
Hypothesis One: There is no significant difference in academic achievement in Chemistry between students taught using the flipped classroom and those taught using the conventional method in Senior Secondary Schools in Minna Metropolis.
Table 3: Analysis of Covariance (ANCOVA) differences in achievement between groups.
	Dependent Variable
	Source of Variation
	F
	p-value
	Partial η²
	Decision

	Achievement
	Instructional Method
	42.87
	0.000
	0.27
	Reject H₀


The ANCOVA results in Table 3 show that the difference in achievement scores between the flipped classroom and conventional method is statistically significant (F = 42.87, p < 0.05), with a large effect size (partial η² = 0.27). This indicates that approximately 27% of the variance in post-test achievement scores is attributable to the instructional method. Based on this result, the null hypothesis  that there is no significant difference in academic achievement between the two teaching methods  is rejected. This means that the flipped classroom significantly improves students’ academic performance in Chemistry compared to the conventional lecture method. The large mean gain for the flipped classroom group suggests that pre-class preparation, interactive in-class discussions, and problem-solving activities effectively enhance understanding, retention, and application of Chemistry concepts.
Table 4: Analysis of Covariance (ANCOVA) differences in interest between groups.
	Dependent Variable
	Source of Variation
	F
	p-value
	Partial η²
	Decision

	Interest
	Instructional Method
	39.54
	0.000
	0.25
	Reject H₀


The ANCOVA results Table 4 indicate that the difference in interest scores between students taught with the flipped classroom and those taught using the conventional method is statistically significant (F = 39.54, p < 0.05), with a large effect size (partial η² = 0.25). This means that approximately 25% of the variance in students’ interest in Chemistry can be attributed to the instructional method. Based on this result, the null hypothesis  that there is no significant difference in students’ interest in Chemistry between the two teaching methods  is rejected. This finding demonstrates that the flipped classroom is effective not only in improving academic achievement but also in enhancing students’ motivation, engagement, and positive attitude toward Chemistry. The strategy encourages pre-class preparation, interactive in-class activities, and collaborative problem-solving, all of which contribute to higher interest and active participation in learning Chemistry.
[bookmark: _GoBack]The findings of this study revealed that the flipped classroom approach significantly improved students’ academic achievement in Chemistry compared to the conventional teaching method among senior secondary school students in Minna Metropolis. The descriptive results showed that students in the flipped classroom group achieved higher post‑test scores and registered greater mean gains than their counterparts in the conventional group. The ANCOVA results confirmed that this difference was statistically significant, indicating that the instructional method contributed substantially to the observed variation in achievement levels. This suggests that when learners engage with content prior to class and use classroom time for active discussion, problem‑solving, and guided practice, they develop deeper conceptual understanding and are better able to apply chemical principles. The interactive features of the flipped classroom likely provided students with more opportunities to clarify difficult concepts and sustain cognitive engagement, resulting in enhanced academic performance.
These findings align with research conducted in other educational contexts which also reported improved achievement outcomes when student‑centred instructional approaches were employed. For example, studies comparing blended or learner‑activity‑focused models with traditional lecture formats in science education have shown that students exposed to interactive instructional designs tend to perform better in post‑intervention assessments (Hurley and Tutak, 2019; Smith and Clark, 2021). In these studies, the use of preparatory materials, peer collaboration, and class‑based activities was associated with increased student mastery, suggesting that structured opportunities for engagement promote academic achievement. The current study’s achievement results are consistent with this pattern, underscoring the value of instructional practices that move beyond passive delivery to foster active learner participation in complex subjects such as Chemistry.
In addition to academic achievement, the study found a significant difference in students’ interest in Chemistry between the flipped classroom and conventional teaching methods. Students in the flipped classroom group demonstrated markedly higher levels of interest after the intervention than those in the conventional group, as shown by both descriptive scores and inferential analysis. The considerable mean gain in interest and the significant effect detected by ANCOVA indicate that the flipped classroom positively influenced students’ motivation, enthusiasm, and engagement with Chemistry. This suggests that the pedagogical features of the flipped classroomsuch as collaborative problem‑solving, pre‑lesson preparation, and interactive in‑class activitiesmay help students develop a more positive orientation toward the subject.
These results are corroborated by other research which has found that instructional environments emphasizing autonomy, interaction, and active learning are associated with greater student interest and engagement. For example, investigations into collaborative learning and technology‑enhanced teaching strategies in science classrooms have reported increased student interest when learners are given greater control over their learning process and opportunities for meaningful interactions (Lee & Hannafin, 2016; Martin & Bolliger, 2018). Such studies highlight that when students find learning activities relevant, engaging, and interactive, their interest and intrinsic motivation tend to rise. The present study’s findings on interest are consistent with this body of research, indicating that the flipped classroom may foster conditions that enhance learners’ affective engagement in Chemistry. The findings of this study suggest that the flipped classroom is an effective instructional strategy for improving both cognitive and affective outcomes in senior secondary school Chemistry. Its emphasis on pre‑class preparation and active in‑class engagement appears to support deeper learning and greater enthusiasm for the subject. These results have important implications for teaching practice, suggesting that educators should consider incorporating interactive and student‑centred approaches to better support student achievement and interest in science subjects.
Conclusion
The findings of this study indicate that the flipped classroom significantly enhances both academic achievement and interest in Chemistry among senior secondary school students in Minna Metropolis. Students exposed to the flipped classroom demonstrated higher post-test scores and greater gains in interest compared to those taught using the conventional lecture method. The intervention’s combination of pre-class preparation, interactive in-class discussions, and collaborative problem-solving created a learning environment that fostered deeper understanding, retention, and positive attitudes toward Chemistry. Therefore, the flipped classroom proves to be a more effective pedagogical strategy than traditional methods for promoting cognitive and affective outcomes in secondary school Chemistry education.
Recommendations 
Based on the findings, the following recommendations were proffered:
1. Teachers should integrate the flipped classroom approach in Chemistry lessons to enhance students’ understanding, engagement, and motivation in learning the subject.
2. School administrators should provide training and resources for teachers to effectively implement flipped classroom strategies, including access to digital learning materials and classroom technology.
3. Curriculum planners should consider including active, student-centred learning approaches like the flipped classroom in Chemistry syllabi to promote better achievement and interest among students.
4. Further research should explore the long-term impact of the flipped classroom on other science subjects and its effect on students’ problem-solving skills and retention of knowledge.
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