Ordeals of Integrated Science Instruction in Ghanaian Senior High Schools: Convalescing Bloom in the Curriculum 
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Inferring from Ghanaian students unsatisfactorily results in Integrated Science in Ghanaian setting, this study compares the interactive effects of Brain-Based Learning (BBL), Mastery Learning Strategy (MLS), and Reciprocal Peer Tutoring (RPT) and students’ sex on their conceptual understanding, retention, and academic self-efficacy in variation and inheritance concepts. The BBL Theory of Erişti and Akdeniz (2016), Social Cognitive Theory (Bandura, 1997), and the Theory of Mastery Learning (Bloom, 1968) formed the study’s theoretical lenses. A 3x2 factorial quasi-experimental design was used for the study. The accessible population comprised SHS 3 students from three intact classes in Drobo SHS, Bono Region, Ghana. One hundred and fifteen students were chosen for the study using multi-stage sampling. The Integrated Science Conceptual Understanding Test-Variation and Inheritance (ISCUT-V&I) and the Integrated Science Self-Efficacy Scale-Variation and Inheritance (ISS-ES-V&I) were the instruments used in gathering data. The data was addressed using descriptive and inferential statistics and effect sizes. The study found a significant treatment and sex interaction effect on students’ conceptual understanding scores in variation and inheritance concepts [F(2,114)=4.718, p<0.05] approving MLS [F(2,114)=24.590, p<.05, η2p=.313, 1-β=1.000] without sex effect [F(1,114)=3.259, p>.05, η2p=.029, 1-β=.432]. Additionally, the study confirmed a significant treatment and sex interaction influence on students’ retention scores [F(2,114)=28.486, p<.05] supporting MLS [F(2,114)=28.48, p<.05, η2p=.343, 1-β=1.000] without sex interaction [F(1,114)=1.473, p>.05, η2p=.013, 1-β=.225]. Finally, the study found that MLS was powerful in enhancing students self-efficacy [Kruskal-Wallis H=48.784, df=2, p>.05, η2=.418] without any sex effect [Wilcoxon W=3510.500, df=1, p>.05, η2=.146]. These outcomes approves the contributory roles of the behaviourists theories in Ghanaian Science Education by highlighting the need for the Science teachers in Drobo SHS to adopt MLS in the teaching of variation and inheritance concepts to enhance students’ conceptual understanding, retention, and their self-efficacies. This is to streamline the sex differences in Science Education in Ghana.
Keywords: Conceptual understanding, Brain-Based Learning, Mastery Learning Strategy, Reciprocal Peer Tutoring, Science self-efficacy

Introduction
Science is the quest and application of knowledge and understanding the cosmos (social and natural) following a methodical procedure based on proof (The Science Council, 2023). Biology is the study of nature. Variation and inheritance (usually Mendelian inheritance) taught in Integrated Science at the Senior High School (SHS) level in Ghana involves the transfer of parental characteristics from one generation to another through their genes. Meanwhile, both pre-service teachers’ and students’ perceive this topic as difficult because of its abstract, broad, and complex nature (Asare, 2020). Although most students’ appreciate how genes play a role in transmitting traits but their understanding deviates from the biological theory (Gilmore et al., 2012). These non-scientific beliefs (misconceptions) held by most Ghanaian students’ had led to their poor performances not only in this topic but in Integrated Science during external examinations as well. Indeed, the Ghanaian West African Examinations Council [WAEC] Chief Examiners’ Reports (2018-2023) continually report abysmal results obtained by students’ in the discipline during West African Senior Secondary Certificate Examination [WASSCE]. Jacob et al. (2020) affirmed this by underscoring that there has been persistent uninspiring performance of West African students’ in Science worldwide from empirical literatures. Nonetheless, these ugly trends were witnessed in the report of the Programme for International Assessment [PISA] in Science where substantial proportion of these students’ were rated below average (Mulungye et al., 2023). The report also documented that African countries such as Kenya, Morocco, South Africa, Nigeria and Botswana were also caught in this web as they were rated beneath appreciable standards between 2010 and 2017 in the Trend of International Mathematics and Science Study [TIMMS] (Asare, 2020; Mulungye et al., 2022; Mulunge et al., 2023). These raise vital questions about the instructional pedagogies employed by Science teachers’ in Ghana during lessons. Most Science teachers’ in Ghana (Asare, 2020) predominantly use lecture approaches, grounded in the idealist philosophy (Sharma, 2017). However, these pedagogies compel teachers’ to dispense knowledge to learners’ as “tabula rassa” with their little or no contribution. These methods often focus on verbal talks, regurgitation of scientific facts and the communication of theories, ideas, and facts to students’ (Asare, 2020). Although they require less arrangements by educators’, economical, save time, assist the completion of syllabus on time, and can be used among large number of students (Sharma 2017; Sam et al., 2018) but it cannot not cater for students’ meaningful understanding of concepts related to variation and inheritance (Asare, 2020). PISA (2022) remarked that effective classroom management consists more than establishing and imposing rules, rewards, and incentives to control behavior but rather it necessitates the need of educators’ to design learning climates that facilitate and support learners’ active engagement in learning and cooperation. Thus, innovative Science teachers’ employ diverse pedagogies to accommodate the individual variances among their learners’ to cater for their different learning requirements and preferences. This is to promote their active involvement and collaboration because they appreciate that learner’s motivational level have direct impacts on their conceptual understanding. Therefore, these teachers’ in their quest to ensure meaningfully learning among students’ actively select, order, and construct information for learners’ to enhance this form of understanding (Darling-Hammond et al., 2019). It therefore, makes students’ prior notions a crucial issue that need to be addressed by teachers’ before genetics lessons (Asare, 2020). 
Conceptual understanding, the foremost variable considered by this study refers to students deep knowledge of comprehending concepts that are usually computable e.g., Mathematics concepts and how they relate to one another (Siler & Willows, 2014). Conceptual understanding refers to a learner’s capacity to interpret and explain the meaning of concepts in their precise language (Kurniawan, 2013). It is prerequisite to students’ to achieve learning because it enables learners’ to effectively address problems related to misconceptions thereby reducing their errors when learning (Hamdani et al., 2012). However, learners’ can gain conceptual understanding when they are very active during learning processes by finding a novel concept and arguing it with the new one being learnt (Hendi, 2017). Therefore, when students’ gain conceptual understanding, it assists them to identify, solve problems, and draw conclusions effectively. In variation and inheritance, conceptual understanding is required by students for them to be able to make better genetics diagrams, predict genotypes, outline genotypic and phenotypic ratios, and the likes. Indeed, conceptual understanding fosters curiosity amongst learners’ thereby making them to retain concepts better (Yatim et al., 2022). 
However, Bastanzhiyieva (2020) defined learning retention as a manner by which learnt information is transferred from a learner’s short-term memory into his/her long-term memory in way that can make them retrieve them with ease when required. Filgona et al. (2017) contended that retention is displayed by learners’ through successful performance in tests teachers organise to assess their achievement. Learning retention is of two main types thus; short-term and long-term retention. Short-term retention means that learnt concepts are kept in a definite part of brain i.e., in the prefrontal lobe for a short period whereas long-term retention means that the leant concepts are kept in the long-term memory where information is maintained for hours to years (Symons, 2016). Evaluating students’ retention rates are very crucial because it helps all stakeholders to appreciate the apt instructional pedagogies that are more efficacious in improving learners’ academic performance. In Science classrooms, the instructional approaches subjected to students’ is the sole determinant of students’ retention. Since teachers’ are central to Science curriculum implementation, it is worthwhile to validate that they are key to learners’ retention. Consequently, an affective factor that determine students’ achievement and retention during lessons is their self-efficacy.  Finally, self-efficacy refers to people’s capabilities to function correctly at a designated level of performance (Bandura, 1994). Masitoh and Fitriyani (2018) defined self-efficacy as an individual’s self-assurance in accomplishing variety of tasks ranging from understanding to problem-solving. Academic self-efficacy plays pivotal roles in guiding educational journeys and outcomes as it involves personal expectations of competence and the potentials to face academic challenges (Petersdotter et al., 2017). There are practical indications that instructional pedagogies embraced by teachers’ positively influence students’ self-efficacies to learn (Akanwa, 2016). Masitoh and Fitriyani (2018) maintained further that students’ with high self-efficacies are more motivated during lessons thereby making them better problem-solvers. Self-efficacy has a significant positive correlation to educational constructs of students (Hiller et al., 2021; Meera & Jumana, 2016; Özcan & Kültür, 2021). 
Integrated Science teachers’ can use several instructional pedagogies during lessons to enhance students’ conceptual understanding in variation and inheritance concepts. One of these is Mastery Learning Strategy (MLS). Tukur (2018) defined MLS as an instructional strategy that upholds that students’ must attain a level of mastery before stirring to learn subsequent concepts. Bloom (1971) coined Mastery Learning and used it to explain the ways teachers provide learners’ with the instruction that would inspire them to learn at their own speed and to receive continual corrective feedback from their them on their level of mastery of the approved tasks. MLS grounded within the principles of operant conditioning assumes that, when teachers give all students’ the opportunities to learn with ample time, at least 80% or higher, could achieve mastery of concepts (Filgona et al., 2017). If students’ do not succeed mastery in the test, teachers’ would give them extra support by reviewing the lesson and undergo retest. MLS promotes better retention and transfer of material, interest, and positive attitudes in various subjects than non-mastery approaches (Pankaj, 2019; Tukur, 2018; Nnorom & Uchegbu, 2017). Barr and Wessel (2018) maintained that MLS is a practical way for teachers to personalise learning for each student in such a way that he/she can grasp certain objectives and competencies with ease. Awotua-Efebo (2015) stated that the approach make students’ acquire personal competencies that generate lifelong learning whilst Jade (2019) posited that MLS provides learners’ with a high performance in a course unit. The sufficient time, attention, and the help teachers’ accord to each student during mastery learning with feedbacks create a level of feat that all learners’ grasp before advancing to the next unit (Reuben & Ogbeneakoke, 2021).
Notwithstanding, educators and school psychologists have begun to acknowledge neuroscience’s philosophical implications on progressing students’ learning, well-being, and overall educational outcomes (Tortella et al., 2021). The appreciation of how the brain functions connected with attention, memory, motivation, and emotional regulation can guide Science educators in designing pedagogies that capitalise on these processes (Drigas & Karyotaki, 2019). Another innovative technique the study considered was Brain-based Learning (BBL). BBL, rooted in the principles of neuroscience was used initially in American schools in the 1990s (Ferreira & Rodríguez, 2022). Neuroscience is the “scientific study of the brain which deals with the structure and functions of the brain” (Arun & Singaravelu, 2018). Indeed, when teachers deliver lessons without realising the functioning of the learners’ brains mimic manufacturing a shirt for an individual without taking into cognisance the structure of the person.  From the smallest cellular level to the utmost cerebral circuits, neuroscience explains how the brain works to learn and to recollect information (Glaser et al., 2019). BBL provides instruction that complies with teaching in the 21st century. BBL combines diverse pedagogies such as mastery learning, experiential learning, cooperative learning, multiple intelligences, learning styles, right brain theory peer tutoring, left brain theory, and triune theory (Noureen et al., 2020). Indeed, these approaches are well-suited for the present methods of teaching in fields like such as Natural Sciences, Languages, and Social Sciences (Noureen et al., 2020). Therefore, teachers’ need to cherish the need to gear their instructional strategies toward what scientists have discovered about the brain. The mastery of learnt concepts is a supportive factor of students’ retention (Robinson et al., 2018). BBL applies in a brain-friendly and unthreatening environment to enhance students’ conceptual understanding and to lessen the conventional methods that promote rote-learning solely (Rehman, 2011; Yagcioglu, 2014). BBL provides active learning through inductive, deductive, and problem-solving reasoning (Rehman, 2011). Sani et al. (2019) maintained that BBL employs students’ intellectual gifts to underscore important learning. The pedagogy encourages students’ to be active and feel more comfortable, confident, and motivated during lessons. It had proven successful in helping students’ to achieve learning outcomes and retention (Haghighi, 2013; Saleh & Subramaniam, 2018). BBL promotes students learning, engagement, and academic achievement (Shabatat & Al-Tarawneh, 2016). BBL strategies allow students’ to think critically, generate hypotheses and to test them thereby assisting them to understand, retain scientific concepts, and to develop meaningful connections to contents (Al-Balushi & Al-Balushi, 2018). Improving upon students’ understanding at the conceptual level is especially significant in Mathematics and Science owing to the embracement of BBL because it makes learners’ to develop reasoning skills, problem-solving strategies, immerse themselves in real-life situations, and to engage in hypothetical reasoning (Al-Balushi & Al-Balushi, 2018; Jazuli et al., 2019).
Finally, the active learning strategy adopted by the study was Reciprocal Peer Tutoring (RPT). RPT is an approach where two or more learners’ alternate with each other whilst simultaneously sharing their ideas during lessons. RPT pairs learners’ according to their shared learning objectives and entails an asymmetric relationship between them based on their individual academic competences (Topping, 2018). Saga (2013) posited that RPT involves students’ instructing each other on a material in which one is an expert and the other is a novice. Therefore, learners’ of similar academic backgrounds cooperate in pairs or groups and alternate their roles as tutor and tutee during each lessons. This approach compels educators’ to use structured teaching materials, monitor learners’ answers, and reciprocal evaluation and reinforcement among peers (Gazula et al., 2017; Svellingen et al., 2021). In this case, the students’ that are less proficient and or have low level of knowledge learn from their peers in an interactive, meaningful, and organized way. Ullah et al. (2018) stated that RPT enables students’ to learn new skills and to enhance their knowledge because they obtain the correct solutions to problems by sharing ideas. Tella (2013) observed that students’ pairings in RPT is based the axiom “teaching is learning twice”, since a student may shine in an aspect (e.g. conceptual understanding) whereas the other may be top-notch in another aspect (e.g. computation and deductive reasoning). These paired students’ can work collaboratively to conceptually understand variation and inheritance concepts. RPT has positive impacts on students’ learning, motivation, and socialization (Nawaz & Reman, 2017; Ullah et al., 2018). RPT mandates learners’ to help one another to comprehend concepts meaningfully (Wolfe, 2018). During RPT, the tutor provides a cognitive challenge, and the tutee reflects on and reorganizes his/her understanding of the subject. This interaction supports cognitive development (Thurston et al., 2021).
Sex is an intervening variable in this study; although other disciplines refer to it as gender but considering Biology and inheritance in particular, sex is the appropriate terminology to use in the study (Asare, 2020). Sex depicts the social attributes and opportunities related to being male and female. It refers to the culturally and socially framed characteristics and roles that are attributed to males and females in every society. In fact, sex has yielded substantial literature in Science Education researches since most schools are coeducational. The studies conducted by (Asare, 2020; Nwankwo & Madu, 2014; Osei-Himah et al., 2022; Yusuf & Yusuf, 2016) indicated that there are many studies on sex as it influences students’ outcomes in Physical Sciences. For instance, Iserameiya and Ibeneme (2018) reported that female students achieved relatively higher in their post-test results than male students. In contrast, Asare (2020) found that no significant differences between the achievement scores of males and females. Ndioho and Obioha (2020) reported that the mean retention score of female students was significantly higher than males. Kibirige (2023) reported no statistically significant differences between males and females students’ conceptual understanding and retention. Ikechukwu (2020) and Dorji (2021) reported no significant difference between males and females retention. Jack (2024) found no differences between male and females self-efficacies. Therefore, Science teachers’ at the SHS level in Ghana should design and use of efficacious instructional approaches to cater for every learners’ conceptual understanding, retention, and self-efficacies irrespective of their sex. 
Statement of the Problem
Altunoǧlu and Şeker (2015) remarked that popular scientific and technological advances such as human genome project, genetically modified organism, cloning, gene therapy, forensics, and deoxyribonucleic acid (DNA) profiling are rooted in genetics. Meanwhile, there is lack of public awareness of such progresses and this requires the need of SHS teachers’ in Ghana to imbibe the fundamentals of this knowledge into learners’ (Asare, 2020). The understanding of this concept is crucial for every citizen to make informed choices in their lives and to explain to all citizenry as to why genetics education is essential than before in the Science curricula (Vlčková et al., 2016). However, despite this significance, the Ghanaian Chief Examiner’s Report for WAEC for both Integrated Science and Biology had continually indicated that this aspect was unpopular among the students who sat for during WASSCE and few who tried to attempt genetics questions responded to them poorly (WAEC, 2017-2024). Buske and Bartholomei-Santos (2019) revealed that the major hindrance experienced by students’ is the aspect of Mendelian inheritance. This lack of conceptual understanding amongst students’ stem from diverse factors. For instance, Ezeaghasi (2018) attributed this to the conceptual and practical challenges in genetics concepts learning whereas Asare (2020) alleged that the topic comprises several terminologies that look alike and or sound alike thereby compounding students’ misconceptions. These misconceptions among learners’ are rooted in ways teachers deliver Mendelian genetics concepts and the mathematical nature its concepts (Asare, 2020) and inadequate learning resources, students’ attitudes, and learning habits (Ezeaghasi, 2018). Empirical studies in the field of Bioscience have reported that students’ perception in various parts of the cosmos is often due to numerous misconceptions they hold about genetics concepts. For instance, in England and Turkey (Kilic et al., 2016), in Czech Republic (Machová & Ehler, 2023) in Lebanon (Osman et al., 2017), and in Indonesia (Tammu, 2022). Meanwhile, the lecture approaches teachers use for Science lessons focus on content-driven results and this makes students’ deficient in innovative skills such as problem-solving, collaboration, critical thinking, and communication prerequisite for their authentic learning (Jack, 2022; Jack & Gisum, 2023). Students’ abysmal performance and low Science self-efficacies in learning challenging biological concepts such as variation and inheritance can be ascribed to inadequacies during teaching and teachers’ persistent use of conventional instructional approaches thereby posing hindrances to their conceptual understanding, assimilation, and retention of concepts (Asare, 2020; Jimoh & Fatokun, 2020). In Drobo SHS, the researcher had observed that most of the students lack solid understanding concerning variation and inheritance concepts even, amongst the Science students. In the researcher’s quest to find out the root causes of the problem, it was noted amongst most of the teachers’ that since the topic is usually treated during the final year and they are to prepare students’ for WASSCE, it compels majority of them to resort to the of conventional instructional strategies for delivering its lessons. Notwithstanding, the few that seem to employ active learning strategies, perhaps, in a haste to complete the syllabus rush through the concepts thereby compounding the students misconceptions thus, declining their interests in learning the topic. 
It implies that powerful instructional pedagogies should be subjected to these students’ to enable them overcome these misconceptions. Foremost, BBL is celebrated for improving upon learners’ conceptual understanding (Al-Balushi & Al-Balushi, 2018; Funa et al., 2024; Yatim et al., 2022), retention (Bada & Jita, 2023; Sani et al., 2019; Saleh & Subramaniam, 2018), and academic self-efficacies (Bada & Jita, 2023; Oghyanous, 2017). Additionally, empirical studies have indicated that MLS had the potentials for enhancing learners’ conceptual understanding (Filgona et al., 2017; Mulungye et al., 2023; Turkur, 2018), retention (Filgona et al., 2017;  Ihendinihu, 2020;  Jack, 2020; Ndioho & Obioha, 2020) and academic self-efficacies (Mululngye et al., 2022; Nkirote 2023). Finally, RPT had improved students’ conceptual understanding (Annis, 2013; Antwi et al., 2016; Irish et al, 2024; Ehirheme & Eze, 2020; Thurston et al., 2021), retention (Annis, 2013; Udo, 2016), and academic self-efficacies (Celedonio  & Elicay, 2024; Moliner & Alegre, 2022). Therefore, this study considering the merits associated with these strategies the interaction effects of BBL, MLS, and RPT and students’ sex on their conceptual understanding, retention, and Science self-efficacy in variation and inheritance concepts. 
Study Hypotheses
Ho1-There is no statistically significant treatment and sex interaction effect on the mean conceptual understanding scores of students’ taught variation and inheritance concepts using BBL, MLS, and RPT.
Ho2-There is no statistically significant treatment and sex interaction effect on the mean retention scores of students’ taught variation and inheritance concepts using BBL, MLS, and RPT.
Ho3-There is no statistically significant treatment effect between BBL, MLS, and RPT and students sex on their self-efficacy towards variation and inheritance concepts.
Theoretical Lenses 
Brain-Based Learning Theory of Erişti and Akdeniz (2016)
Erişti and Akdeniz (2016) postulated that BBL can be understood better when if individuals appreciate fundamental knowledge about the brain itself. The brain is made up of three layers thus, the forebrain, midbrain, and hindbrain. The forebrain transfers data transfers between hemispheres, assists thinking and memory, balancing body temperature speaking coordination, circulation and respiration, and kinesthetic processes. Meanwhile, the midbrain coordinates memory systems, collects info from sense organs, establish links between emotions and feelings, codes data into short-term or long-term memory, and helps individuals to execute multiple tasks simultaneously. Finally, the hindbrain; includes vision from the occipital lobe, assists in language and speech, the cerebellum; coordinates movement, and the brain stem which is responsible for breathing, blood pressure, heart rate, sleep, and consciousness (Erişti & Akdeniz, 2016). Therefore, Erişti and Akdeniz (2016, p. 137) stated that: “Learning is a brain function and is a biological process developed through learners’ intentional behaviors and through stimuli emanating from external factors independent from individuals themselves.” Therefore, Science teachers should consider that the center point of learning is students’ awareness, consciousness, unconscious behaviors, feelings, sense and attention (Erişti & Akdeniz, 2016). Both the environment and the atmosphere affect learners’ brain. Therefore, teachers’ should design make their classroom environments conducive enough to support their contingent thinking. Since learners’ emotions is imperative, the provision of this rich learning environments for students may reduce their anxieties and to support and strengthens inner motivation (Erişti & Akdeniz, 2016). Also, it is crucial for Science teachers to appreciate that for their students’ to learn best in their brain-based environments, they need principles to foster the principles that can make their brains to actively cater for these voluntary and involuntary actions. This environment may compel teachers to include; physical activities and movements during cooperative approaches, emotions by using social persuasions in classes, nutrition, lifestyle, stress and anxiety, motivation, health, social environment, genetic factors, memory, rewards and punishment, and flexibility (Erişti & Akdeniz, 2016). When teachers’ create this environment for learners’ they feel safe, heard, and instructional activities becomes meaningful and their contents engaging and purposeful thereby rendering them capable of using their emotional experiences for processing and understanding. Therefore, through the BBL approaches, students’ are influenced to be critical thinkers, use their emotions, make connections to concepts, and to use their preferred way of assimilating and accommodating scientific concepts meaningfully (Erişti & Akdeniz, 2016).
Social Cognitive Theory (SCT) by Bandura (1997)
Bandura (1997) stressed on cognitive processes, social interactions, and observational learning in acquiring human behavior. SCT provides an understanding of how each student’s behavior can shape, maintain, and or change his/her behavior by observing others. Self-efficacy, a key tenet of SCT plays a crucial role in influencing the behavior of students (Shi, 2021). Self-efficacy refers to a students’ belief in their ability to achieve a goal or perform a particular behavior successfully. A high level of self-efficacy can be associated with higher motivation and greater effort in grasping Science concepts meaningfully. In contrast, low levels of self-efficacy can hinder development, reduce effort, and avoidance of learning Science concepts (Hitches et al., 2022). In education, the general concept of self-efficacy shifts to a specialised concept known as academic self-efficacy, that refers to a student’s confidence in their ability to excel in academic tasks and to achieve academic success (Chang & Chien, 2015). In Science classrooms, students’ can develop their academic self-efficacies by receiving constructive feedbacks from teachers likewise observing their peers as they successfully handle academic tasks such as during RPT and mastery learning (Ormrod, 2012). Notwithstanding, students’ levels of academic self-efficacy may vary in different tasks or fields (Chang & Chien, 2015). For instance, a high level of self-efficacy in computational skills does not guarantee a high level of self-efficacy in reading. SCT also considers reciprocal causation; implying that a students’ learning and progress result from the interaction of; 1). The environment, embracing general conditions and immediate stimuli, including reinforcement and punishment, and 2). Personal factors encompassing the students individual’s characteristics (e.g., sex and age) and cognitive processes (attention, expectations), and 3). Behavior, the learner’s actions and reactions (Ormrod, 2012). Self-efficacy denotes the personal aspect of reciprocal interactions and students who have high self-efficacies are more confident when dealing with genetics crossings (behavior), which means they are more likely to perform them successfully and to recall them even under challenging situations (environment). It implies that Science teachers’ should create a welcoming environment for students during their instructional deliveries for the learners to progress on their academic self-efficacies to strengthen their resolve (Yusuf, 2011).
Bandura (1986) postulated the means of developing self-efficacy beliefs in learners’ as: 1). mastery experiences, 2). vicarious experiences, 3). social persuasion, and 4). physiological and affective states. Mastery experience indicates that students success in making right genetic diagrams will influence their expectations of success in the future thereby, improving self-efficacy beliefs. Vicarious experiences thus, the successes or failures of others can strongly influence self-efficacy beliefs. For instance, when a student observes his/her peer (whose cognitive ability they acknowledge as similar to them) conceptually explaining and accomplishing genetics tasks, they anticipate to achieve similar results from their efforts. However, their self-efficacies may lower when they realise that their peers of their similar cognitive levels and those higher than them fail to succeed in accomplishing these tasks. Social persuasion consists of positive and inspiring sentiments words to convince students’ to make genetics diagrams, which increases their confidence in their skills. The more credible the source of persuasion (e.g., colleague, course instructor), the higher its impact on the students’ academic self-efficacies. It therefore implies the need of Science teachers’ to use reward and positive reinforcement strategies during their instructional deliveries to motivate their students both intrinsically and extrinsically. Finally, the physiological and affective states of a student has a direct bearing on his/her level of academic self-efficacy. For instance, stress and anxiety weaken the students’ level of self-efficacies and prevent their successful performance of the tasks because they face detracted attention (Wang et al., 2018). Therefore, it makes it keen for teachers’ to consider active learning strategies such as BBL, MLS, and RPT when teaching genetics to sustain their students’ active participation at all times to enhance their conceptual understanding, retention, and the development of their Science self-efficacies.
Theory of Mastery Learning by Bloom (1968)
Bloom (1968) postulated that school learning asserts that virtually all students’ can learn what they are taught (i.e., “A1” standard in SHS Integrated Science) when given the appropriate and prior conditions. Bloom (1968) argued that when all learners’ are normally distributed according to their aptitudes and given uniform opportunities to learn, few would achieve mastery. Aptitudes determine each student’s degree of learning implying that, students’ with high abilities will perform better than those with low abilities (Bloom, 1968). However, when these students’ are given different opportunities to learn with time allowed to match their needs and situations, at least 80% or higher, even as much as 95% would master the concepts being taught. Mastery learning theory posits that all students’ in Drobo SHS can attain better conceptual understanding, remember concepts better, and also build upon their Science self-efficacies when teachers’ give them the needed time and appropriate learning conditions. Therefore, Bloom (1968) suggested that Science teachers’ should provide these appropriate conditions virtually to all their students’ to enable them get to this high level of achievement. Therefore, teachers’ should divide variation and inheritance concepts into smaller units such that the students can be able learn over a period followed by the administration of formative tests after each learning unit (Bloom, 1968). These results may provide feedback to the teacher and the students. This will enable the teacher to find out the students’ that had gained mastery and those that have not. Bloom (1968) maintained that when this manifests, teachers’ should diagnose the learners’ to find out where they require assistance. This is done by checking the students’ performance from the formative tests against and setting a criteria accepted as mastery for them. However, the students’ that have attained mastery are commended and could be used as peer tutors (Bloom, 1968). This process continues until virtually all the students’ master the taught material before the teacher moves to the next unit of learning. Bloom (1968) argued that if students’ are taught Integrated Science with MLS, virtually all of them shall attain high degrees of proficiencies in mastering variation and inheritance concepts.
Methodology
Research Design, Population, and Sample
A 3x2 factorial quasi-experimental involving pretest-posttests, non-randomized and non-equivalent control group design with instructional pedagogies at three (3) levels (RPT, BBL, and MLS) and sex at two (2) levels (males and females) was employed (see Table 1).
Table 1: Research Design for the Study
	Group
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[bookmark: _Hlk97814722]Where; O1=Pre-ISCUT-V&I; O2=Post-ISCUT-V&I; O3=Post-post-ISCUT-V&I; X0=RPT; X1=BBL; and X2=MLS 
Emaikwu (2013) maintained that quasi-experimental designs compels researchers not to carry them out within classrooms since they do not have full control over the scheduling of experimental condition and randomisation of subjects because it would interrupt negatively with school works and activities. The study population comprised all the students (two thousand, five hundred and sixty-eight [2,568]) in Drobo SHS, Bono Region, Ghana. The target population comprised all final year students (seven hundred and eighty-five [785]). However, the accessible population comprised all the one hundred and forty-two (142) students in General Arts One, Business One, and Visual Arts. One hundred and fifteen (115) students were selected for the study by means of convenience and purposive sampling. The researcher selected these intact classes based on the pre-ISCUT-V&I he conducted and found that their scores were normally distributed. Borrowing a leaf from Emaiku’s (2013) postulation, the researcher randomly assigned the intact classes to the control and the experimental groups. Consequently, the Business One class was assigned as the control group and were subjected to RPT. The Visual Arts and the General Arts One class were assigned to Experimental Group 1 (EG1) and Experimental Group 2 (EG2) respectively and were taught using BBL and MLS correspondingly.
Instrument, Validation, and Reliability 
A researcher-made Integrated Science Conceptual Understanding Test-Variation and Inheritance (ISCUT-V&I) and an Integrated Science Self-Efficacy Scale-Variation and Inheritance (ISS-ES-V&I) were the instruments used to gather data for the study. The ISCUT-VI comprised forty (40) multiple-choice questions lettered a-d that was adapted from WASSCE Integrated Science past questions. The same ISCUT-V&I were used during the pre-test and the post-tests just that the items for the post-tests were slightly altered to make the distractors plausible to better enhance the discrimination index of the items. The ISS-ES-V&I on the other hand consisted twenty (20) positively worded items to assess the students’ self-efficacies after being subjected to their precise instructional pedagogy. It was constructed on a four-point Likert scale with 1=Never; 2=Rarely; 3=Sometimes; 4=Often, and 5=Always. The researcher ensured the face, content, and construct validation of the ISCUT-V&I and the ISS-ES-V&I by presenting them to three Integrated Science tutors in three Colleges of Education for constructive criticisms. After the validation processes, the he made the necessary corrections. Conversely, the researcher ensured the reliability of pretesting the ISCUT-V&I and the ISS-ES-V&I on twenty (20) students from Suma SHS. After two weeks, the researcher re-administered the same ISCUT-V&I was to students. The researcher calculated the correlation coefficient between the students initial and the final scores using Pearson Product Moment and a value of 0.82 was obtained. In contrast, the researcher used the Cronbach’s alpha formula to compute the reliability of the ISS-ES-V&I and found a value 0.74. Therefore, the researcher considered the instruments consistent for the assembling of the study’s data. Procedures for Data Collection and Analysis 
[bookmark: _Hlk108862266]The researcher requested and obtained permission from the Drobo Municipal Educational Directorate. Thereafter, he sought for permission from the institutional heads and the Science teachers in Drobo SHS by meeting with them individually and providing them with a brief description of the study. After their consent, with the assistance of the class teachers in charge of each class, the researcher administered the ISCUT-V&I across the entire SHS 3 classes. The study took place using the normal Integrated Science lesson periods within the school. For effective conduct of the study, and to prevent any sort experimental biases and effects, the researcher provided a five-days additional training (two hours each day) for each teacher handling each of the classes. These research assistants were Bachelor of Science degree holders with at least five years of teaching experience. Subsequently, the researcher mandated each teacher to subject their respective pedagogy to their students for four (5) weeks. The researcher informed the teachers to assess and evaluate their learners during and after teaching. Immediately after the fourth week, the researcher handed a post-ISCUT-V&I (measuring the students conceptual understanding) to each teacher to administer on the students. Ten days later, the researcher handed each teacher with a post-post-ISCUT-V&I (assessing the students retention abilities) to administered on the students. A day after the post-post-ISCUT-V&I, the researcher obliged each of the teachers to subject the students to the ISS-ES-V&I (determining their academic self-efficacies). After the ISCUT-V&I’s and the ISS-ES-V&I, the researcher recorded the results obtained by each instructional group separately likewise that of male and female students. The data obtained was treated using SPSS by means of descriptive statistics (means, standard deviations, mean differences, mean declines, mean ranks, and mean charts) and inferential statistics (Analysis of Covariance (ANCOVA), t-tests, Tukey Post-Hoc Analysis, Kruscal-Wallis H Analysis, Mann Whitney U Analysis, effect sizes (partial eta squared [η2p], eta squared [η2], and observed power [1-β]). The research assistants and the students informed consent, anonymity, and confidentiality were ensured by the researcher throughout the study.

Results 
Ho1-Significant treatment and sex interaction effect on the mean conceptual understanding scores of students’ taught variation and inheritance concepts using BBL, MLS, and RPT
Table 2: Analysis of the Conceptual Understanding Scores of Students
	Sources of Variation
	Type III Sum of Squares
	  df
	Mean Square
	    F
	  p
	η2p  
	1-β  

	CORRECTED MODEL
	953.145
	  6
	158.857
	12.343
	.000
	.407
	1.000

	INTERCEPT
	3035.129
	  1
	3035.129
	235.817
	.000
	.686
	1.000

	Pre-ISCUT-V&I Scores (Covariate)
	1.307
	  1
	1.307
	.102
	.751
	.001
	.062

	METHODOLOGIES
	632.974
	  2
	316.487
	24.590
	.000
	.313
	1.000

	SEX
	41.868
	  1
	41.868
	3.253
	.074
	.029
	.432

	Methodology * Sex
	121.442
	  2
	60.721
	4.718
	.011
	.080
	.779

	ERROR
	1390.038
	 108
	12.871
	
	
	
	

	TOTAL
	145185.000
	 115
	
	
	
	
	

	Corrected Total
	2343.183
	 114
	
	
	
	
	


[bookmark: _Hlk109119455]The outcome verifies that [F(2,114)=4.718, p=.000<.05] and it confirms an issue of statistical significance. Therefore, the null hypothesis is rejected. It suggests a treatment and sex interaction effect on the students’ conceptual understanding scores. Additionally, the Table reveals that [F(2,115)=24.590, p=.000<.05] and it means a statistically significant difference claiming the need for the null hypothesis to be rejected. This confirms a treatment effect on the mean conceptual understanding scores of the students. Finally, the data confirm that [F(1,114)=3.253, p=.074>.05] validates an issue of no statistical significance. Therefore, the null hypothesis is maintained because the sex of the students’ do not have any bearing on their conceptual understanding scores (Table 2). However, in order to determine the precise approach that was prudent in enhancing students’ conceptual understanding, Tukey Post Hoc analysis was carried out (see Table 3). 
	Table 3: Comparison of Students Conceptual Understanding 

	(I) Approach 
	(J) Approach 
	MD (I-J)
	  SE 
	 p 
	95% Confidence Interval for Difference

	
	
	
	
	
	Lower Bound
	Upper Bound

	BBL
	      RPT
	-2.959
	1.018
	.013
	    -5.434
	    -.483

	
	      MLS
	-5.915
	.844
	.000
	    -7.969
	    -3.862

	RPT
	      BBL
	2.959
	1.018
	.013
	    .483
	     5.434

	
	      MLS
	-2.957
	.983
	.010
	    -5.346
	     -.567

	MLS
	      BBL
	5.915
	.844
	.000
	    3.862
	     7.969

	
	      RPT
	2.957
	.983
	.010
	    .567
	     5.346


SE=Standard Error MD=Mean Difference 
The data confirms that the pairwise comparison between BBL and RPT likewise MLS are all statistically significant [p=.013<.05] and [p=.000<.05] correspondingly. It validates the need to resort to the alternative hypothesis. It signals that BBL had dissimilar potentials in enhancing students’ conceptual understanding compared to MLS and RPT. Similarly, the comparison between MLS and RPT was also statistically significant [p=.010<.05]. Therefore, with this null hypothesis also rejected. It signifies that the efficacies of RPT and MLS in improving the students’ conceptual understanding came out with different results. Inferring from the data, MLS yielded a significant value of .000 and .010 between BBL and RPT respectively (verify from Table 3). It maintains that MLS was very powerful in enhancing students’ conceptual understanding followed by RPT and BBL correspondingly as shown in Figure 1. 
[image: ]

From Figure 1, the data confirms that the students’ subjected to MLS across sex obtained the highest estimate marginal mean mark (somewhat 37 and 39) for male and females respectively. It was followed by RPT with a mark 33 and 35 for males and females respectively. BBL finally followed with a mark of 31 and 33 respectively for male and female students. The figure also established that male and female students had a minimum estimated means of 33 and 31 respectively. In contrast, the maximum estimated mean was in favour of females (39) whereas males obtained a score of 37. With reference to Table 2 that [F(2,114)=24.590, p<.05, η2p=.313, 1-β=1.000], it means MLS was efficient enough in increasing students conceptual understanding scores by 31.3% whereas the ISCUT-V&I was 100% powerful in enhancing the effect on learners’ exposed to MLS. Finally, the Table verified that [F(1,114)=3.259, p>.05, η2p=.029, 1-β=.432]. It signals a less sex effect in improving the conceptual understanding scores of the students’ by 2.9% whereas the ISCUT-V&I was less powerful, thus, 43.2% in contributing to students’ conceptual understanding based on sex.
Ho2-Statistically significant treatment and sex interaction effect on the mean retention scores of students’ taught variation and inheritance concepts using BBL, MLS, and RPT
The researcher realised that students’ retention scores across the various pedagogies likewise across their sex declined compared to their conceptual understanding scores and they were all statistically significant (confirm from Table 4 and 5). 
Table 4: Students’ Scores from Post-ISCUT-V&I to Post-Post-ISCUT-V&I across Sex 
	Sex 
	MP
	   MPP
	 MD (MP-MPP)
	  SD
	df
	   t
	  p

	Males  
	34.3538 
	33.1692 
	      1.1846 
	 4.2422 
	64
	2.251
	.028 

	Females 
	36.7800 
	34.0800 
	      2.7000 
	 3.3089 
	49
	5.770
	.000 


MP=Mean of Post-ISCUT-V&I MPP=Mean of Post-post-ISCUT-V&I MD=Mean Decline SD=Standard Deviation
In Table 4, the male and females had MPP of 33.1692 and 34.0800 respectively. In contrast, males had a lower MD of 1.1846 whereas the females had a high MD of 2.7000. Consequently, males had a high SD of 4.2422 whereas females obtained a lower SD of 3.3089. Finally, the Table confirms that [df=64, t=2.251, p=.028<.05] and [df=49, t=5.770, p=.000<.005] for males and females correspondingly. From the above data, in the case of MPP and SD, retention backs female students. However, in terms of MD, SD, and the p values, retention supports males. Therefore, in order to determine whether differences exist between their mean retention scores or not, ANOVA was conducted (see Table 6). 
Table 5: Students’ Scores from Post-ISCUT-V&I to Post-post-ISCUT-V&I across Instructional Groupings
	Groups 
	  MP
	 MPP
	 MD (MP-MPP)
	   SD 
	df
	   t
	  p

	BBL  
	32.5000
	30.0294 
	      2.4706 
	4.0874 
	33
	3.140 
	.004

	MLS 
	38.4889 
	35.7333 
	      2.7556 
	2.2275 
	45
	8.299 
	.000 

	RPT 
	33.7778 
	30.2220 
	      3.5558 
	2.9995 
	35
	7.112 
	.000 


	MP=Mean of Post-ISCUT-V&I MPP=Mean of Post-post-ISCUT-V&I MD=Mean Decline SD=Standard Deviation


The data in Table 5 that the MPP for the BBL, MLS, and RPT group is 30.0294, 35.7333, and 30.2220 respectively. Meanwhile the MD value is 2.4706, 2.7556, and 3.5558 for BBL, MLS, and RPT group respectively. Notwithstanding, MLS students had the minimum SD of 2.2275 followed by the RPT group with SD=2.9995 and finally the BBL group with SD=4.0874. Further, the data reveals that [df=33, t=3.140, p=.004<.05], [df=45, t=8.299, p=.000<.05], and [df=35, t=7.12, p=.000<.05] respectively for the BBL, MLS, and RPT. These revelations authenticate that in terms of MPP and SD, retention was better for the MLS group followed by the RPT and the BBL group respectively. In contrast, with reference MD, retention supports the BBL group followed by the MLS and RPT group respectively. Nonetheless, in terms of p, retention is geared towards the BBL group followed by the RPT and the MLS group respectively. Therefore, ANCOVA was carried out to determine whether differences exist between their MD scores or not (observe in Table 6).
Table 6: Analysis of Students Retention Scores 
	Sources of Variation
	Type III Sum of Squares
	df
	Mean Square
	   F
	p
	η2p 
	1-β  

	CORRECTED MODEL
	520.061
	5
	104.012
	16.145
	.000
	.425
	1.000

	INTERCEPT
	100109.871
	1
	100109.871
	15539.698
	.000
	.993
	1.000

	METHODOLOGY
	366.720
	2
	183.360
	28.462
	.000
	.343
	1.000

	SEX
	9.492
	1
	9.492
	1.473
	.227
	.013
	.225

	Methodology * Sex
	73.547
	2
	36.774
	5.708
	.004
	.095
	.856

	ERROR
	702.200
	109
	6.442
	
	
	
	

	TOTAL
	137584.000
	115
	
	
	
	
	

	Corrected Total
	1222.261
	114
	
	
	
	
	


In Table 6, [F(2,114)=5.708, p=.004<.05] and it depicts an issue of statistical significance. Therefore, the alternate hypothesis is maintained. It signals a statistically significant treatment interaction between sex and methodologies and the students’ retention scores. In furtherance, the Table confirms that [F(2,114)=28.486, p=.000<.05] implying a statistically significant difference purporting the need to retain the alternative hypothesis. This signals that the potentials of each methodology in enhancing the students’ retention was dissimilar from each other. Finally, the data reveals that [F(1,114)=1.143, p=.227>.05] and it endorses no issue of statistical significance. Therefore, the null hypothesis is retained because the mean retention scores of males and females are similar. Deducing from this data, it points that the effect was stemming from the instructional approaches. Therefore, in finding out the apt pedagogy that was efficacious in enhancing the students’ retention abilities, Tukey Post Hoc analysis was conducted (shown in Table 7).
Table 7: Pairwise Comparison of Students Retention 
	(I) Approach 
	(J) Approach 
	MD (I-J)
	  SE 
	  p 
	95% Confidence Interval for Difference

	
	
	
	
	
	Lower Bound
	Upper Bound

	BBL
	RPT
	-.667
	.719
	 1.000
	     -2.416
	    1.083

	
	MLS
	-4.233
	.597
	 .000
	     -5.685
	    -2.781

	RPT
	BBL
	.667
	.719
	 1.000
	      -1.083
	     2.416

	
	MLS
	-3.567
	.695
	 .000
	       -5.257
	     -1.877

	MLS
	BBL
	4.233
	.597
	 .000
	       2.781
	     5.685

	
	RPT
	3.567
	.695
	 .000
	       1.877
	     5.257


SE=Standard Error MD=Mean Difference 
The data in Table 7 reveals that the pairwise comparison between MLS and BBL likewise RPT are all statistically significant [p=.000<0.05] and [p=.000<.05] correspondingly. It depicts that the null hypothesis should be rejected. It signals that MLS has different efficacies in improving the students’ retention capacities than BBL and RPT. Meanwhile, the pairwise comparison between BBL and RPT was not statistically significant [p=1.000>.05]. Therefore, this null hypothesis not rejected. It sends the signal that the potentials of BBL and RPT in improving students’ retention was similar. Conclusively, the data established that MD between the MLS group and RPT likewise the BBL group is 3.567 and 4.233 respectively. It validates that MLS was very effective in increasing the students’ retention capabilities followed by RPT and BBL correspondingly (confirm from Figure 2). 
[image: ]
Figure 2 reveals clearly that students’ subjected to MLS across sex obtained the highest estimated retention mean mark of 37 for both sex. This was accompanied by RPT with mark 31 and somehow 33.5 for males and females respectively. BBL finally followed with a mark of 31 and 34.5 respectively for male and females. The figure also confirmed that female and male students had a minimum estimated mean of 31 and 32.5 respectively. However, the maximum estimated mean of both sex was similar (about score 36.7). Referring to the data in Table 6, [F(2,114)=28.48, p<.05, η2p=.343, 1-β=1.000]. It connotes that MLS was efficacious enough in enhancing the students’ mean retention scores by 34.3% whereas the ISCUT-V&I was 100% powerful in manifesting this effect on learners’ exposed to MLS. Nonetheless, Table 6 revealed finally that [F(1,114)=1.473, p>.05, η2p=.013, 1-β=.225]. It suggests a meagre sex effect’s influence on the mean retention scores of the students’ thus, 1.3% whereas the ISCUT-V&I was not powerful, thus, portrayed 22.5% in contributing to the students’ mean retention scores based on their sex.
Ho3-Statistically significant treatment effect between BBL, MLS, and RPT and students sex on their Science self-efficacy towards variation and inheritance concepts
In assessing whether the Science academic self-efficacy of the students’ was influenced by the instructional approaches they were subjected to likewise their sex, the data in Table 8 and 9 confirm it. 
Table 8: Students Science Self-Efficacy across the Teaching Groups
	METHODOLOGY 
	 N
	  MEAN RANK 
	Kruskal-Wallis H
	df
	    p   
	    η2

	BBL
	34
	    43.71
	48.764
	2
	 .000
	   .418

	RPT
	36
	    49.64
	
	
	
	

	MLS
	45
	    70.49
	
	
	
	

	Total
	115
	
	
	
	
	


From Table 11, the mean rank of BBL, RPT, and MLS is 43.71, 49.64, and 70.49 respectively. Additionally, the data verifies that [Kruskal-Wallis H=48.764, df=2, p=.000>.05]; implies a statistical difference that is significant. It authenticates that the abilities of each pedagogy in enhancing students’ Science self-efficacy produced different results. However, in finding out the precise approach that was efficacious in increasing this construct among the students’ Kruskal-Wallis H pairwise comparison test in Figure 3 verifies it. 
[image: ]
Figure 3: Comparison of students Science self-efficacies across the instructional groups 
[bookmark: _Hlk139631162][bookmark: _Hlk139631491]Figure 3 exemplifies that pairwise comparisons between MLS and RPT likewise BBL are all statistically significant [sig.=.000<.05]. Therefore, the alternative hypothesis becomes a reality. It means MLS’s potentials in enhancing the Science self-efficacy of students’ differed from RPT and BBL. Meanwhile, the data establishes further that pairwise comparison between BBL and RPT is not statistically significant [p=sig.=.428>.05]. Therefore, the null hypothesis is maintained making it worthy to confirm that the efficacies of the approaches in improving students’ Science self-efficacy was similar. Deducing from the data, it implies that MLS was supreme over the other methods in enhancing the students’ Science self-efficacy followed by RPT and finally, the BBL group. Finally, Table established that [Kruskal-Wallis H=48.784, df=2, p>.05, η2=.418]. It suggests that MLS contributed to 41.8% in enhancing the students’ Science self-efficacy. 
Table 9: Sex and Students Science Self-Efficacy
	Sex
	N
	Mean Rank
	Mann-Whitney U
	Wilcoxon W
	    Z
	df
	  p
	η2

	Males
	65
	54.01
	1365.500
	3510.500
	-1.562
	1
	.118
	.146

	Females
	50
	63.19
	
	
	
	
	
	


[bookmark: _Hlk109400788][bookmark: _Hlk109400820]Data in Table 9 points clearly that males had a low mean rank of 54.01 whereas females obtained a mean rank of 63.19. However, the Table points further that [Z=-1.562, df=1, p=.118>.05] and it confirms no statistically significant difference. Hence, the null hypothesis is real, pointing that the Science self-efficacy of males and females are similar. However, female students’ self-efficacy was slightly higher than that of their male counterparts. It means that the attitude changes of males and females regarding gene expression concepts Finally, the Table establishes that [Wilcoxon W=3510.500, df=1, η2=.146]; approving that being subjected to either BBL, RPT, and MLS as a male or female student increases the individual’s potentials in developing his/her Science self-efficacy by 14.6%. 
Discussion
Although all the instructional pedagogies were influential in enhancing the students’ conceptual understanding, retention, and academic self-efficacies across sex; however, the MLS proved to be efficacious above the others. Foremost, a finding revealed a significant treatment and sex interaction effect on students’ conceptual understanding of variation and inheritance concepts [F(2,114)=4.718, p<.05] approving MLS [F(2,114)=24.590, p<.05, η2p=.313, 1-β=1.000] without sex effect [F(1,114)=3.259, p>.05, η2p=.029, 1-β=0.432]. This stemmed from the fact that MLS paved ways for the students to grasp every aspect of the topic meaningfully before moving to learn subsequent ones. The without sex effect was rooted in the fact that in each instructional group, they were made to discuss with each other thereby making them able them to share their views. The findings mimic Filgona et al. (2017), Mulungye et al. (2023), and Turkur (2018) who reported positive effects of MLS on learners’ conceptual understanding in their separate studies. Kibirige (2023) also found no significant differences between males and females students’ conceptual understanding. Additionally, the study confirmed a significant treatment and sex interaction influence on students’ retention scores [F(2,114)=28.486, p<.05] supporting MLS [F(2,114)=28.48, p<.05, η2p=.343, 1-β=1.000] without sex interaction [F(1,114)=1.473, p>.05, η2p=.013, 1-β=.225]. This result was achieved because MLS compelled the students’ to master concepts bit-by-bit and this made them to store them permanently. Consequently, all the pedagogies were sex friendly thereby making both to recall concepts equally. These findings agree the results obtained by Filgona et al. (2017), Ihendinihu (2020), Jack (2020), and Ndioho and Obioha (2020) on the potentials of MLS in enhancing students’ retention capacities. Accordingly, Ikechukwu (2020), Dorji (2021), and Kibirige (2023) found no significant differences between males and females students’ retention scores. In contrast, Ndioho and Obioha (2020) found significant differences in the retention scores of learners’ in favour of females. Finally, the study revealed that MLS was powerful in enhancing the Science self-efficacy of students’ [Kruskal-Wallis H=48.784, df=2, p>.05, η2=.418] without sex effect [Wilcoxon W=3510.500, df=1, p>.05, η2=.146]. This outcome was so because MLS made the students’ to reach mastery before they proceed to learn novel ones and they recognized that their efforts may not be in vain, it triggered their motivation and confidence subsequently enhancing their Science self-efficacy. Successively, both sex were treated equally across the instructional groupings and this made it imperative for the students’ to cherish that the topic is not geared towards a particular sex thereby sustaining their equal active involvement during lessons thereby enhancing their Science self-efficacy in similar ways. The findings corroborate Mululngye et al. (2022) and Nkirote (2023) who reported the potentials of MLS in improving students’ self-efficacy. Meanwhile, Jack’s (2024) study reported a contradicting result. 
Implications of the Findings
Foremost, to Science teachers’, since MLS improved students’ conceptual understanding, retention, and Science self-efficacy in an abstract and challenging topic such as variation and inheritance, it makes it keen to resort to the use of this pedagogy for teaching other Science topics especially those belonging to Physics and Chemistry since most of their underlying concepts require conceptual understanding. Additionally, novel and pre-service Science teachers’, especially those seeking for innovative approaches should consider MLS a must. Finally, Science curriculum designers in Ghana should gear most of the discipline’s instructional pedagogies toward the philosophies of MLS to assist in curbing the menace of Ghanaian learners’ awful Science performances during BECE, WASSCE, TIMMS, and PISA.
Conclusions 
Although quagmires exist within Science classrooms in Ghana but innovative strategies can enhance authentic learning amongst students’ to enable them to cater for their misconceptions in a challenging topic such as variation and inheritance. Despite the efficacies of BBL and RPT, MLS emerged supreme in promoting students’ conceptual understanding, retention, and self-efficacy. Therefore, the study concludes that MLS has significant influence on Drobo SHS students’ conceptual understanding, retention, self-efficacies in Science concepts (variation and inheritance). Additionally, Ghanaian SHS students’ conceptual understanding, retention, and Science self-efficacies is independent on their sex. Finally, the study maintains that BBL, RPT, and MLS are sex non-sensitive pedagogies that enhance Ghanaian students’ conceptual understanding, retention, and self-efficacy in Science. 
Contributions to Knowledge
1. MLS proving its potentials in enhancing students’ conceptual understanding, retention, and Science self-efficacy in a topic such as variation and  inheritance (genetics) strengthens the theory of mastery learning (Bloom, 1968) adopted for the study.
2. MLS though rooted in the behaviourist theory, emerged supreme in improving students’ conceptual understanding, retention, and Science self-efficacy in genetics against cognitivist and constructivist approaches like BBL and RPT.
3. The only study that had compared the interaction effects of three innovative strategies and sex on students’ conceptual understanding, retention, and self-efficacy in Science where sex revealed no significant impacts on the constructs assessed. 
Recommendations
1. Science teachers in Drobo SHS should adopt MLS in the teaching of variation and inheritance concepts to enhance the students’ conceptual understanding, retention, and their Science self-efficacies.
2. Science teachers’ should adopt the use of innovative approaches that are not sex sensitive during lessons to streamline the sex differences in Science Education in Ghana.
3. District/Municipal Educational Directorates, Ghana Education Service, Ministry of Education, NGOs, institutional heads, etc. should organise seminars, workshops, in-service trainings and conferences regularly for Science teachers’ in Ghana to create their awareness on the use of MLS during their lesson deliveries.
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