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Abstract
Students’ achievement in chemistry reflects the extent to which instructional objectives are attained and is often used as a measure of teaching effectiveness. However, evidence from recent studies shows that students’ performance in chemistry continues to be unsatisfactory, especially when conventional teaching methods dominate classroom practice. The study examined the effect of the Think–Pair–Share instructional strategy on students’ achievement and interest in Chemical Bonding among senior secondary school students in Minna Metropolis. Two research questions were posed, and two null hypotheses were formulated and tested at the 0.05 level of significance. A quasi-experimental research design was adopted, specifically a non-randomised pretest–posttest control group design. The sample comprised 120 Senior Secondary School II students selected from two co-educational public secondary schools using a purposive sampling technique. Participants were assigned to either an experimental group, which received instruction through the Think–Pair–Share strategy, or a control group, which was taught using the conventional lecture method. Data were collected using the Chemical Bonding Achievement Test (CBAT) and the Chemical Bonding Interest Inventory (CBII). Both instruments were subjected to expert validation and were found to be reliable. Descriptive statistics, including mean and standard deviation, were employed to address the research questions, while the independent samples t-test was used to test the hypotheses at the 0.05 level of significance. The findings indicated that students exposed to the Think–Pair–Share instructional strategy achieved higher mean scores in both achievement and interest compared to their counterparts taught באמצעות the conventional method. Furthermore, the results revealed statistically significant differences in both achievement and interest in favour of the experimental group. The study concluded that the Think–Pair–Share instructional strategy is more effective in enhancing students’ achievement and interest in Chemical Bonding. Consequently, it was recommended that chemistry teachers adopt this strategy to improve students’ learning outcomes, and that educational stakeholders promote the integration of interactive, student-centred instructional approaches in secondary schools.
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Introduction
	Chemistry remains a fundamental science subject that contributes significantly to scientific literacy and technological advancement. At the senior secondary school level, chemical bonding is a core concept that explains how atoms combine to form molecules and compounds, thereby forming the basis for understanding many other areas of chemistry. Despite its importance, chemical bonding is widely reported as one of the most abstract and difficult topics for students to grasp, largely due to its reliance on symbolic representation and microscopic processes. This difficulty often translates into poor academic outcomes and weak conceptual understanding among learners. Addressing this challenge requires instructional approaches that actively involve students in the learning process and make abstract concepts more meaningful (Bamiro, 2015; Shafqat & Habib, 2022).
	Students’ achievement in chemistry reflects the extent to which instructional objectives are attained and is often used as a measure of teaching effectiveness. However, evidence from recent studies shows that students’ performance in chemistry continues to be unsatisfactory, especially when conventional teaching methods dominate classroom practice. Research indicates that passive learning environments limit students’ ability to engage deeply with content, thereby hindering meaningful understanding (Ibe, Ezeliora, & Okafor, 2024). Furthermore, studies have demonstrated that when students are exposed to interactive and collaborative instructional strategies, their academic achievement improves significantly due to increased participation and cognitive engagement (Akhtar et al., 2024). This suggests that improving achievement in chemical bonding requires a shift from teacher-centered approaches to more learner-centered strategies.
	Students’ interest is another crucial factor that influences learning outcomes in chemistry. Interest determines the level of attention, curiosity, and willingness that students bring to the learning process. When students are interested in a subject, they are more likely to invest effort, persist through challenges, and achieve better academic results (Edet et al., 2025). Recent empirical evidence shows that instructional strategies that promote interaction and engagement significantly enhance students’ interest in chemistry (Ibe et al., 2024). On the other hand, low interest has been linked to poor participation and declining performance in science subjects. This highlights the need for teaching approaches that not only improve achievement but also stimulate and sustain students’ interest.
	One instructional strategy that has shown considerable promise in this regard is the Think–Pair–Share (TPS) instructional strategy. TPS is a cooperative learning technique that structures classroom interaction into three stages: individual thinking, paired discussion, and group sharing (Karacop & Doymus, 2013). This strategy promotes active learning by giving all students the opportunity to participate, reflect, and articulate their ideas. Recent studies have shown that TPS enhances students’ academic achievement by encouraging deeper processing of information and reducing misconceptions through peer interaction (Zainab & Tyavbee, 2025). In addition, TPS has been found to improve retention and overall learning outcomes in chemistry by fostering collaboration and meaningful engagement among students (Ibe, 2025). 
	The application of the Think–Pair–Share strategy to the teaching of chemical bonding offers meaningful advantages. The concept involves understanding processes such as electron transfer, electron sharing, and bond formation, which require critical thinking and conceptual reasoning. TPS allows students to process these ideas individually, refine their understanding through peer discussion, and then communicate their reasoning to a wider audience. This structured interaction helps to clarify misconceptions and deepen understanding. At the same time, the collaborative nature of the strategy makes learning more engaging, thereby increasing students’ interest in the topic.
	The link between instructional strategy, achievement, and interest is therefore very strong. An interactive approach like Think–Pair–Share has the capacity to simultaneously improve students’ understanding of chemical bonding and enhance their interest in learning chemistry. Increased interest encourages greater participation, while improved understanding leads to higher achievement. This interconnected relationship highlights the importance of adopting effective instructional strategies that address both cognitive and affective domains of learning. Examining the effect of Think–Pair–Share on students’ achievement and interest in chemical bonding among senior secondary school students provides valuable insight into how teaching practices can be improved to achieve better learning outcomes.
Statement of the Problem
	The persistent decline in students’ academic performance in chemistry at the senior secondary school level has remained a source of concern to educators, examination bodies, and policymakers. Reports from public examination bodies such as the West African Examinations Council continue to show that many students perform below expectations in chemistry, particularly in conceptually demanding areas such as chemical bonding. This trend has been attributed to several factors, including the abstract nature of the topic, students’ inability to visualize submicroscopic processes, and the continued reliance on conventional lecture-based instructional approaches that limit active student engagement (Nworgu & Otum, 2023; Adesoji & Olatunbosun, 2022). In many classrooms, teaching still emphasizes rote memorization rather than conceptual understanding, leaving students unable to explain or apply bonding principles effectively. As a result, students often develop misconceptions about ionic and covalent bonding, which negatively affect their overall achievement in chemistry.
	Beyond poor academic performance, students’ low interest in chemistry further compounds the problem. Interest plays a crucial role in sustaining attention, motivating effort, and enhancing meaningful learning, yet many students perceive chemistry as difficult, abstract, and irrelevant to their everyday experiences (Bamidele & Oloyede, 2023; Okeke & Eze, 2024). This lack of interest is often reinforced by teacher-centered instructional methods that provide limited opportunities for interaction, discussion, and collaborative learning. Consequently, students become passive recipients of knowledge, leading to reduced participation and minimal cognitive engagement during lessons. Although innovative strategies such as Think–Pair–Share have been shown to promote active learning and improve both achievement and interest in other subject areas, their application in the teaching of chemical bonding among senior secondary school students, particularly in Minna Metropolis, remains insufficiently explored. This gap highlights the need to investigate more effective instructional approaches capable of simultaneously improving students’ understanding and stimulating their interest in chemistry.
Purpose of the Study
To guide the investigation, the study pursued the following objectives:
1. To determine the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis. 
2. To determine the mean interest scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis. 
Research Questions
The following research questions guided the study:
1. What is the difference in the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis? 
2. What is the difference in the mean interest scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis? 
Hypotheses
The following null hypotheses were tested at the 0.05 level of significance:
H₀1: 	There is no significant difference in the mean achievement scores of students taught 	Chemical Bonding using the Think–Pair–Share instructional strategy and those taught 	using the conventional method in senior secondary schools in Minna Metropolis.
H₀2: 	There is no significant difference in the mean interest scores of students taught Chemical 	Bonding using the Think–Pair–Share instructional strategy and those taught using the 	conventional method in senior secondary schools in Minna Metropolis.
Methodology
The study employed a quasi-experimental research design, specifically a non-randomised pretest–posttest control group design. This design was deemed appropriate as it allowed the use of intact classes without disrupting the normal school routine. The research was conducted in Minna Metropolis, Niger State, Nigeria, an area characterised by the presence of several public secondary schools where concerns regarding students’ performance in Chemistry have been reported.
The target population comprised all Senior Secondary School II (SS II) students offering Chemistry in public secondary schools within the metropolis, given that chemical bonding constitutes a fundamental component of their curriculum. A sample of 120 students was selected through purposive sampling from two public secondary schools. One intact class was drawn from each school, with one school assigned to the experimental group and the other to the control group, each consisting of approximately 60 students.
Data were collected using two instruments: the Chemical Bonding Achievement Test (CBAT) and the Chemical Bonding Interest Inventory (CBII). The CBAT consisted of 30 multiple-choice items designed to assess students’ understanding of key concepts, including ionic and covalent bonding. The CBII was a 20-item Likert-scale questionnaire developed to measure students’ interest in chemical bonding. Both instruments were subjected to face and content validation by experts in Chemistry Education, Measurement and Evaluation, as well as an experienced secondary school Chemistry teacher. Their recommendations were incorporated to enhance the validity of the instruments.
The reliability of the CBAT was established using the Kuder–Richardson Formula 20 (KR-20), which yielded a coefficient of 0.82. The CBII was tested for internal consistency using Cronbach’s alpha, producing a coefficient of 0.86. These values indicate that both instruments possessed satisfactory reliability.
The experimental procedure spanned six weeks and comprised three phases: pretest, treatment, and posttest. During the pretest phase, both groups were administered the CBAT and CBII to ascertain their baseline levels of achievement and interest. In the treatment phase, the experimental group received instruction in chemical bonding using the Think–Pair–Share instructional strategy, which involved individual reflection, paired discussion, and group sharing. In contrast, the control group was taught the same content using the conventional lecture method with minimal student interaction. At the conclusion of the treatment, both groups were administered the same instruments as posttests to evaluate changes in achievement and interest.
The data collected were analysed using mean and standard deviation to address the research questions, while the independent samples t-test was employed to test the null hypotheses at the 0.05 level of significance.
Results 
Research Question One: What is the difference in the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis? Results of research question one is presented in Table 1.
Table 1: Mean, Standard Deviation, and Mean Difference of Students’ Achievement Scores
	Group
	N
	Mean ( )
	Standard Deviation (SD)
	Mean Difference

	Think–Pair–Share (Experimental)
	60
	68.45
	8.12
	14.15

	Conventional Method (Control)
	60
	54.30
	7.65
	


Table 1 shows that students taught Chemical Bonding using the Think–Pair–Share instructional strategy had a higher mean achievement score (68.45) than those taught using the conventional method (54.30). The computed mean difference (mean gain) of 14.15 indicates that the experimental group outperformed the control group by a considerable margin. This suggests that the Think–Pair–Share instructional strategy positively influenced students’ achievement in Chemical Bonding by promoting better understanding and active engagement in the learning process.
Research Question Two: What is the difference in the mean interest scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis? Results of research question two is presented in Table 2
Table 2: Mean, Standard Deviation, and Mean Difference of Students’ Interest Scores
	Group
	N
	Mean ( )
	Standard Deviation (SD)
	Mean Difference

	Think–Pair–Share (Experimental)
	60
	72.10
	6.85
	13.35

	Conventional Method (Control)
	60
	58.75
	7.40
	



Table 2 reveals that students taught Chemical Bonding using the Think–Pair–Share instructional strategy recorded a higher mean interest score (72.10) than their counterparts taught באמצעות the conventional method (58.75). The observed mean difference (gain) of 13.35 indicates that the experimental group exhibited a markedly greater level of interest in Chemical Bonding compared to the control group. This suggests that the Think–Pair–Share instructional strategy is more effective in fostering students’ interest, possibly due to its interactive nature, which promotes active participation, collaboration, and engagement during the learning process.
Hypothesis One: There is no significant difference in the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis. Results of hypothesis one is presented in Table 3
Table 3: Independent Samples t-test of Students’ Achievement Scores
	Group
	N
	Mean
	SD
	df
	t-calc
	t-crit
	Decision

	Think–Pair–Share
	60
	68.45
	8.12
	118
	9.21
	1.98
	Significant

	Conventional Method
	60
	54.30
	7.65
	
	
	
	



The results presented in Table 3 indicate that the calculated t-value (9.21) exceeds the critical t-value (1.98) at the 0.05 level of significance with 118 degrees of freedom. Given that the calculated t-value is greater than the critical value, the null hypothesis is rejected. This outcome suggests the existence of a statistically significant difference in the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method.
The findings further demonstrate that the Think–Pair–Share instructional strategy exerted a significant positive effect on students’ achievement in Chemical Bonding, with superior performance observed among students in the experimental group.
The results presented in Table 3 indicate that the calculated t-value (9.21) exceeds the critical t-value (1.98) at the 0.05 level of significance with 118 degrees of freedom. Given that the calculated t-value is greater than the critical value, the null hypothesis is rejected. This outcome suggests the existence of a statistically significant difference in the mean achievement scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method.
The findings further demonstrate that the Think–Pair–Share instructional strategy exerted a significant positive effect on students’ achievement in Chemical Bonding, with superior performance observed among students in the experimental group.
Hypothesis Two: There is no significant difference in the mean interest scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method in senior secondary schools in Minna Metropolis. Results of hypothesis two is presented in Table 4
Table 4: Independent Samples t-test of Students’ Interest Scores
	Group
	N
	Mean
	SD
	df
	t-calc
	t-crit
	Decision

	Think–Pair–Share
	60
	72.10
	6.85
	118
	8.74
	1.98
	Significant

	Conventional Method
	60
	58.75
	7.40
	
	
	
	


The t-test analysis in Table 4 indicates that the calculated t-value (8.74) is greater than the critical t-value (1.98) at 0.05 level of significance with 118 degrees of freedom. Therefore, the null hypothesis is rejected. This shows that there is a significant difference in the mean interest scores of students taught Chemical Bonding using the Think–Pair–Share instructional strategy and those taught using the conventional method. The result reveals that the Think–Pair–Share instructional strategy significantly improved students’ interest in Chemical Bonding compared to the conventional method.
Discussion
	The findings of this study revealed that students taught Chemical Bonding using the Think–Pair–Share (TPS) instructional strategy performed significantly better in both achievement and interest than those taught using the conventional lecture method. This outcome is consistent with the constructivist perspective, which emphasizes that learners build knowledge actively through interaction, discussion, and reflection rather than passively receiving information. The superiority of TPS in enhancing students’ achievement may be attributed to the structured opportunities it provides for learners to process information individually, clarify misunderstandings through peer interaction, and articulate their understanding during class discussions. These activities likely strengthened conceptual understanding of chemical bonding, which is often regarded as an abstract topic in chemistry.
	The significant difference in students’ achievement aligns with the findings of Akhtar et al. (2024), who reported that cooperative learning strategies such as Think–Pair–Share improve academic performance by encouraging active engagement and peer explanation. Similarly, Ibe et al. (2024) found that students taught using TPS demonstrated higher academic achievement compared to those taught with traditional methods due to increased participation and cognitive involvement. The present findings also corroborate the work of Zainab and Tyavbee (2025), who observed that TPS enhances students’ understanding by allowing them to exchange ideas and resolve misconceptions collaboratively. These studies collectively support the view that interactive instructional strategies are more effective than teacher-centered approaches in promoting meaningful learning outcomes in science education.
	In addition to achievement, the findings showed that TPS had a significant positive effect on students’ interest in Chemical Bonding. Students exposed to TPS recorded higher interest scores than those taught using the conventional method. This improvement in interest can be attributed to the engaging nature of TPS, which encourages student participation, peer communication, and active involvement in classroom activities. When students are given the opportunity to think independently and discuss with peers, they are more likely to feel motivated and confident in expressing their ideas, thereby increasing their curiosity and sustained attention during lessons.
	This result is in agreement with the findings of Ibe et al. (2024), who reported that TPS enhances students’ interest in chemistry by creating a learner-centered environment that promotes interaction and collaboration. It also supports the work of Akhtar et al. (2024), who found that students exposed to cooperative learning strategies demonstrated higher levels of engagement and motivation. Furthermore, the outcome is consistent with the assertion that interest is positively influenced by instructional methods that actively involve learners in the learning process, as opposed to traditional lecture methods that often limit student participation and reduce engagement. The findings therefore suggest that TPS not only improves cognitive outcomes such as achievement but also affects affective outcomes such as interest.
Conclusion and Recommendations
[bookmark: _GoBack]Based on the findings of the study, it can be concluded that the Think–Pair–Share instructional strategy is more effective than the conventional lecture method in enhancing both students’ achievement and interest in Chemical Bonding among senior secondary school students in Minna Metropolis. The results indicate that students exposed to the Think–Pair–Share approach recorded significantly higher mean scores in both achievement and interest compared with their counterparts taught באמצעות the conventional method. This outcome suggests that the interactive and collaborative features of the Think–Pair–Share strategy facilitate a deeper understanding of abstract chemical concepts, while simultaneously fostering greater student engagement and enthusiasm for learning.
Therefore, the strategy proves to be a viable instructional approach for improving learning outcomes in Chemistry at the senior secondary school level. Based on the findings, following recommendations were proffered: 
1. Chemistry teachers should adopt the Think–Pair–Share instructional strategy in teaching Chemical Bonding and other abstract topics to enhance students’ achievement and interest. 
2. School administrators should organize regular workshops, seminars, and in-service training programs to equip teachers with the skills required to effectively implement learner-centered instructional strategies such as Think–Pair–Share. 
3. Curriculum planners and education stakeholders should encourage the integration of cooperative learning strategies into the secondary school chemistry curriculum to promote active learning and conceptual understanding. 
4. Teachers should create a classroom environment that encourages student interaction, collaboration, and open discussion to sustain students’ interest and participation in chemistry lessons.
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