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Comparative Assessment of Academic Performance in Chemical Kinetics Amongst Secondary School Students in Chemistry Using Higher Order Thinking Laboratory and Inquiry Strategies
 

Abstract
This study assessed the impact of Higher Order Thinking Laboratory Strategy (HOTLS) and Inquiry Strategy (IS) in Senior Secondary School Students’ Academic Performance in Chemical Kinetics in Makurdi metropolis of Benue State, Nigeria. Three research questions guided the study while three hypotheses were formulated and tested at 0.05 level of significance. Non-randomized pre-test post-test quasi-experimental design was employed. The population comprised 2,145 Senior Secondary Two students (1,222 males and 923 females) across the 16 public co-educational schools out of which 136 (65 male and 71 female) SS two students offering Chemistry in four intact classes were sampled using multistage sampling technique. Chemical Kinetics Performance Test was adapted for this study. Face validation was done by three experts, two in Science Education, one in measurement and evaluation, all from Rev. Fr Moses Orshio Adasu University Makurdi. The instrument was pre-tested on Senior Secondary two students offering Chemistry that were excluded during analysis. The reliability coefficient of CKPT was 0.79 using Kuder-Richardson formula 20. Research questions were answered using mean and standard deviation while the null hypotheses were tested with Analysis of Covariance (ANCOVA). The findings revealed that students taught Chemical Kinetics with HOTLS differed significantly in their mean performance scores when compared with those taught using Inquiry Strategy while there is no significant difference in the mean performance scores of male and female students taught with HOTLS. However, there is significant difference in the mean performance scores of male and female students taught with Inquiry strategy. We recommend that Chemistry teachers should use HOTLS to teach Chemistry to improve academic performance of students.
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INTRODUCTION
The relevance of Chemistry education in fostering scientific literacy and addressing global challenges cannot be under-rated (Reyes, 2025). Chemistry is very crucial and occupies a central position in the science curriculum because of its applications in discipline like medicine, Pharmacy, Engineering, environmental management and other technologically based courses. Despite the importance of Chemistry, students have performed poorly in external examinations (Ajayi & Atsuwe 2024). Evidence from the West African Examinations Council (WAEC) Chief Examiners’ Reports (2020–2024) reveals persistent poor performance in Chemistry among Nigerian students. These reports consistently highlight students’ inability to interpret experimental data, predict reaction outcomes, and apply theoretical concepts to problem-solving. The poor performance in Chemistry is particularly worrisome, given its foundational importance in science career.
Several factors have been implicated in this trend, including inadequate teaching methods, limited laboratory exposure, and insufficient emphasis on active learning. Traditional teacher-centered methods dominate Chemistry classrooms, promoting rote memorization rather than meaningful understanding. These methods fail to engage students in the learning process or develop the cognitive skills necessary for tackling complex problems. Consequently, researchers and educators have continued to search for innovative activity-based strategies that prioritize students’ engagement enabling them gain conceptual understanding and application of Chemistry principles thereby enhancing performance. For instance, Ukwuru (2022) blamed poor performance on the teacher’s use of instructional strategy that are not activity oriented and fully engaging for the learners to be maximally involved. The author pointed out that this has affected students’ participation in classroom, making them passive, hence negatively affecting academic performance. Researchers have underscored the importance of activity-based teaching methods in enhancing performance in science. Activity based instructional strategy has been implicated in enhancing academic performance as reported by Nja, Ukpebi, Edoho and Neji (2022) that observed improvement in performance in Chemistry using these strategies. Such strategies include problem solving, concept mapping, higher order thinking laboratory, Jigsaw, inquiry strategies among others.  
Higher Order Thinking Laboratory Strategy (HOTLS) is designed to develop students’ higher-order cognitive skills through structured laboratory activities that promote synthesis, analysis, evaluation, and creation. It emphasizes problem-solving within a practical context, allowing students to actively construct knowledge rather than passively receive information as reported by Malik, Setiawan, Suhandi and Permanasari (2017). Higher Order Thinking Laboratory strategy (HOTLS) is developed for solving real world problem through laboratory practice so as to enhance high-level thinking skills through sets of guided laboratory activities. HOTLS offers context-rich learning experience that can enhance conceptual understanding, develop practical skills and equip learners with the ability to make judgements. This approach to instruction in the opinion of the authors provides students with a wide range of opportunities that enable them to make prediction and design experiments to test their predictions when faced with hypothetical problem. It grants learners freedom to roam the infinite expanses of their brain. Furthermore, engagement in HOTLS involves the skills of analyzing, synthesis evaluating and creating solutions to problems by way of designing and carrying out experiments through science process skills. The authors also stated that Higher Order Thinking Laboratory Strategy is a method of classroom instruction consisting of five stages which includes; understanding the challenges, producing ideas, preparing for practical activities, conducting practical activities and communicating and evaluating the results of activities. These stages offer students the opportunity to engage in stimulating activities that makes them take responsibility for their learning.  Inquiry Strategy, on the other hand, encourages students to learn through questioning, investigation, and reasoning. It involves guided exploration, where students formulate hypotheses, conduct experiments, and interpret results under teacher facilitation according to (Odukwe & Nwafor 2022) 
	 Inquiry strategy requires students to solve problems through investigative activities that increases their skills and knowledge independently. Inquiry learning strategy provides the opportunity for students to construct their own knowledge, using concepts that have been held to solve the problems encountered in other situations as stated by Andrini (2016). The author noted that inquiry strategy provides students with the opportunity to link new information with existing cognitive structure resulting in meaningful learning. Students’ activeness to observe, guess, and infer through group activities helps them communicate the results of the investigation with more emphasis on learning. In addition to cognitive abilities, psychomotor and affective abilities of students can be developed by using inquiry strategy. The main objective of inquiry learning is helping students to develop intellectually disciplined and thinking skills by providing questions and get answers on the basis of curiosity and this can be viewed in relation to gender. 
Chemistry lessons are attended by males and females.
	Gender is the characteristics of being a male or a female. Gender is an important variable in education.  Ajayi and Ogbeba (2017) observed that male students perform better than female students in stoichiometry in Chemistry when taught with hands-on activities. In contrary, Okeke (2018) asserted that female students perform better in chemical kinetics when taught with Mend Map teaching strategy than their male counterparts. On the other hand, Emma-Iwuozo (2018) observed that male and female students performed equally when taught chemical kinetics using Jigsaw Instructional Approach. Akpoghol, Ode and Adzape (2024) reported in their study the significant difference in the academic performance of male and female students in Chemistry using 7Es instructional model. The inconsistency in the findings on gender justifies the inclusion of gender in this present study. The present study therefore investigated the effect of Higher Order Thinking Laboratory and Inquiry Strategies on students’ academic performance in Chemistry in Makurdi Metropolis
This study sought to comparatively assess the academic performance of Senior Secondary Two (SS2) students offering chemistry who were taught chemical kinetics using HOTL and inquiry strategies among male and female gender. The investigators hypothesized that there is no significant difference in academic performance of students taught chemical kinetics using HOTLS with those taught using inquiry strategy among male and female students. 


METHODOLOGY:
Research Design
This study adopted non-equivalent pre-test, post-test quasi-experimental design without control group. The quasi-experimental design is chosen because it will not be able to have a complete randomization of subject due to the use of intact classes. 
[bookmark: _Hlk208806166]Study Population: The population comprised of 2,145 Senior Secondary Two students (1,222 males and 923 females) across the 16 public co-educational Secondary Schools in Makurdi Metropolis of Benue State. The sample consisted of 136 (65 male and 71 female) Senior Secondary two students offering Chemistry in four intact classes selected using multi-stage sampling procedure. 
Study Procedure: Chemical Kinetics Performance Test (CKPT) was adapted from the past questions administered by the West African Examination Certificate (WAEC) and modified. The questions are based on Chemical Kinetics concepts. The CKPT consists of 50 multiple choice items with four options (a, b, c and d). The items were scored 50 points, one point for each correct answer. The CKPT was administered to the two groups as pretest before intervention. Afterwards, the scripts were marked and coded for analysis and interpretation. The contents and objectives of both lesson plans were same except that their mode of instructions differed. The experimental group one was taught chemical kinetics using Higher Order Thinking Laboratory instructional strategy; while the experimental group two was taught using Inquiry instructional strategy for six weeks. Face, content and construct validation was done by three experts, corrections and observations effected. Five items were modified because of high difficulty index and used. The instruments were pre-tested on students that were not part of the sample. 
Statistical analysis: Data was analyzed using Statistical Package for Social Sciences (SPSS) software (version 26; SPSS, Chicago, IL, USA). The reliability coefficient of CKPT was found to be 0.79 using Kuder-Richardson formula 20. Furthermore, the result of the pre-test was subjected to psychometric analysis. Mean and standard deviation of students’ performance were determined. The hypotheses were tested at P≤0.05 level of significance using Analysis of Covariance (ANCOVA). The results were presented as tables and charts where necessary.

RESULTS
This study comprised of 136 participants made up of 65 male and 71 female SS2 students offering Chemistry.






Table 1: Mean Academic Performance Scores of Chemistry Students taught Chemical Kinetics using Higher Order Thinking Laboratory Strategy and Inquiry Strategy
	Strategy
	Pre Performance 
	Post Performance 
	Mean gain  

	Higher Order Thinking Laboratory strategy 
	Mean
	15.58
	41.12
	25.54

	
	N
	69
	69
	

	
	Std. Deviation
	3.01
	3.95
	

	Inquiry Strategy
	Mean
	16.13
	25.10
	8.97

	
	N
	67
	67
	

	
	Std. Deviation
	5.22
	6.72
	

	Mean difference 
	
	
	
	16.57



The mean academic performance scores of students in Chemistry taught chemical kinetics using the HOTLS is 15.58 with a standard deviation of 3.01 in the pre-test and 41.12 with a standard deviation of 3.95 in the post-test while the academic performance scores of students in Chemistry taught chemical kinetics using Inquiry Strategy is 16.13 with a standard deviation of 5.22 in pre-test and 25.10 with a standard deviation of 6.72 in post-test. The difference between the mean academic performance scores of students taught chemical kinetics using HOTLS and those taught using Inquiry Strategy is 16.57 in favour of HOTLS.
Table 2: Mean Academic Performance Scores of Male and Female Chemistry Students taught Chemical Kinetics using Higher Order Thinking Laboratory Strategy
	Gender 
	Pre Performance 
	Post Performance 
	Mean gain  

	Male 
	Mean
	15.58
	41.39
	25.81

	
	N
	33
	33
	

	
	Std. Deviation
	2.70
	3.56
	

	Female 
	Mean
	15.58
	40.86
	25.28

	
	N
	36
	36
	

	
	Std. Deviation
	3.30
	4.31
	

	Mean difference 
	
	
	
	0.53


The mean academic performance scores of male students in Chemistry taught chemical kinetics using Higher Order Thinking Laboratory strategy is 15.58 with a standard deviation of 2.70 in the pre-test and 41.39 with a standard deviation of 3.56 in the post-test while the academic performance scores of female students in Chemistry taught chemical kinetics using Higher Order Thinking Laboratory strategy is 15.58 with a standard deviation of 3.30 in pre-test and 40.86 with a standard deviation of 4.31 in post-test. Table 2 further shows that the mean gain in academic performance scores of male students taught chemical kinetics using the HOTLS is 25.81 while that of female students taught chemical kinetics using the HOTLS is 25.28. The mean gain is 0.53 in favour of male students.
Table 3: Mean Academic Performance Scores of Male and Female Students taught Chemical Kinetics with Inquiry Strategy
	Gender 
	Pre Performance 
	Post Performance 
	Mean Gain  

	Male 
	Mean
	16.38
	24.28
	7.90

	
	N
	32
	32
	

	
	Std. Deviation
	4.50
	6.33
	

	Female 
	Mean
	15.91
	25.86
	9.95

	
	N
	35
	35
	

	
	Std. Deviation
	5.85
	7.06
	

	Mean difference 
	
	
	
	2.05


The mean academic performance scores of male chemistry students taught chemical kinetics using Inquiry strategy is 16.38 with a standard deviation of 2.50 in the pre-test and 24.28 with a standard deviation of 6.33 on the post-test while the academic performance scores of female students taught chemical kinetics using Inquiry strategy is 15.91 with a standard deviation of 5.85 in pre-test and 25.86 with a standard deviation of 7.06 in post-test. The difference between the mean academic performance scores of male and female students taught chemical kinetics using Inquiry strategy is 2.05 in favour of female students in Inquiry strategy group.

Table 4: ANCOVA result of Performance Scores of Chemistry Students taught Chemical Kinetics using Higher Order Thinking Laboratory Strategy and Inquiry Strategy
	Dependent Variable:   Post Performance
	

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

	Corrected Model
	10081.397a
	2
	5040.698
	250.104
	.000
	.790
	Sig. 

	Intercept
	4028.573
	1
	4028.573
	199.885
	.000
	.600
	

	Pre Performance
	1366.804
	1
	1366.804
	67.817
	.000
	.338
	

	Strategies
	9135.018
	1
	9135.018
	453.251
	.000
	.773
	

	Error
	2680.537
	133
	20.154
	
	
	
	

	Total
	162919.000
	136
	
	
	
	
	

	Corrected Total
	12761.934
	135
	
	
	
	
	

	a. R Squared = .790 (Adjusted R Squared = .787)
	


[bookmark: _Hlk200594278]Table 4 above reveals that F(1,133) = 453.251; p = 0.000. This implies that there is significant difference in the mean performance scores of students taught chemical kinetics and those taught using Inquiry Strategy.

Table 5: ANCOVA result of Performance Scores of Male and Female Students taught Chemical Kinetics using Higher Order Thinking Laboratory Strategy
	Dependent Variable: Post-Performance HOT  
	

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

	Corrected Model
	14.896
	2
	7.448
	.469
	.628
	.014
	Not Sig. 

	Intercept
	4555.148
	1
	4555.148
	286.822
	.000
	.813
	

	Pre Performance HOTLS
	10.008
	1
	10.008
	.630
	.430
	.009
	

	Gender HOTLS
	4.870
	1
	4.870
	.307
	.582
	.005
	

	Error
	1048.176
	66
	15.881
	
	
	
	

	Total
	117709.000
	69
	
	
	
	
	

	Corrected Total
	1063.072
	68
	
	
	
	
	

	a. R Squared = .014 (Adjusted R Squared = -.016)
	


[bookmark: _Hlk200595076]Table 5 also revealed that F(1,66) = 0.307; p = 0.582 which implies that there is no significant difference in the mean performance scores of male and female students taught chemical kinetics using HOTLS. 

Table 6: ANCOVA result of Performance Scores of Male and Female Students taught Chemical Kinetics using Inquiry Strategy
	Dependent Variable:   Post Performance Inquiry Strategy 
	

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

	Corrected Model
	2068.642
	2
	1034.321
	72.296
	.000
	.693
	Sig. 

	Intercept
	391.718
	1
	391.718
	27.380
	.000
	.300
	

	Pre Performance IS
	2027.128
	1
	2027.128
	141.691
	.000
	.689
	

	Gender IS
	71.164
	1
	71.164
	4.974
	.029
	.072
	

	Error
	915.627
	64
	14.307
	
	
	
	

	Total
	45210.000
	67
	
	
	
	
	

	Corrected Total
	2984.269
	66
	
	
	
	
	

	a. R Squared = .693 (Adjusted R Squared = .684)
	


[bookmark: _Hlk200595305]Table 6 revealed that F(1,64) = 4.974; p = 0.029. This implies that there is a significant difference in the mean performance scores of male and female students taught chemical kinetics using inquiry strategy.

DISCUSSION
This comparative study examined the effects of higher order thinking laboratory and inquiry instructional strategy on student’s academic performance in Chemistry in Makurdi Metropolis of Benue State, Nigeria. The finding showed that there is a significant difference in the mean academic performance scores between students taught Chemistry using higher order thinking laboratory and those taught using inquiry strategy. Alema, Tesfamariam, Berhe, Gebretsadik (2024) also affirms that laboratory instructional strategy improved the performance of students in Chemistry significantly. This may be because of several laboratory activities students engaged in that may have helped to reduced the abstract nature of the subject. The findings of the study are also consistent with Famuwagun, Ayomide and Awodun (2024) who found that students who were taught Chemistry using laboratory strategy improved in their performance. The study of Kazeem, Gagdi, Muhammad, and Rabiu (2023) also supported the finding that laboratory-based activity enhanced academic performance in Chemistry. 
Our study also revealed that there is no significant difference between the mean academic Performance scores of male and female students taught chemical kinetics using higher order thinking laboratory Strategy. The finding is in line with the report by Odukwe and Nwafor (2022) whose study utilized the 5E learning model and indicated that it was gender friendly. Similarly, the finding of this study aligns with that of Famuwagun, Ayomide and Awodun (2024) whose study submitted that laboratory teaching strategies is gender insensitive. Equally, Jack & Ogunleye (2024) who in their study on Improving secondary school students’ academic achievement in chemistry using 7Es constructivist instructional strategy revealed that male and female students performed equally well in chemistry.  However, in contrast to our finding Ukwuru (2022) revealed that male students performed better than their female counterparts in chemical equilibrium.  This study in addition revealed that there is a significant difference in the mean performance scores of male and female students in Chemistry taught with inquiry strategy. This finding is consistent with Akpoghol, Ode and Adzape (2024) who found that there is a significant difference between the mean academic performance scores of male and female students taught Chemistry using 7E instructional strategy. This has been corroborated with the study by Nja, Ukpebi and Ihejiamazu (2020)   who reported that female students performed better their male counterparts in Chemistry. It has been further supported by Ogula and Munyua, (2021) who revealed in their study that there is a significant difference between male and female students’ academic performance in Chemistry. They opined that gender disparity in performance could be because both male and female students vary in their comprehension of concepts connection of new information with previous experiences which may be responsible for variation in their learning outcomes. However, in contrast to these findings   Ajayi and Ogbeba (2017) who documented that male and female students in Chemistry performed equally well in stoichiometry when taught using hands on activities. 
CONCLUSION
The findings of this study showed that the use of innovative instructional strategy such as HOTLS significantly enhances understanding of chemical kinetics concepts thereby improving students’ academic performance. In addition. HOTLS is gender friendly in improving students’ performance in chemical kinetics when compared to Inquiry Strategy.
RECOMMENDATIONS
Based on these findings we recommended that:
1.   Chemistry teachers in Senior Secondary school level should endeavor to use HOTLS to teach Chemistry in order to improve academic performance of students. 
2.   Chemistry teachers in Senior Secondary school level should always promote interaction among male and female students as this will enable them share ideas as they learn to discover knowledge themselves as this would help to improve their performance equally. 
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