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Abstract
Persistent underachievement in Biology among Nigerian senior secondary students has been linked to teacher-centered pedagogy, limited conceptual engagement, and inadequate integration of ICT in instructional delivery. This study examined the effects of ICT-integrated cooperative instructional strategies on students’ achievement in Biology. Using a quasi-experimental pre-test–post-test control group design, 432 SS II students from twelve public schools in Lagos State were assigned to three experimental groups (ICT-integrated Jigsaw, Team Assisted Individualization [TAI], and Framing) and a control group. Data were collected using a validated 57-item Biology Achievement Test (BAT) and analysed with ANCOVA, controlling for pre-test scores, while Scheffe post-hoc tests identified the source of significant effects. Results indicated a statistically significant main effect of instructional strategy on students’ achievement (F(3,427)=26.03, p<0.05). ICT-integrated TAI produced the highest mean scores (X̅=25.50), followed by Framing (X̅=22.89) and Jigsaw (X̅=19.18), whereas the lecture method yielded the lowest scores (X̅=17.29). Gender had no significant main effect (F(1,427)=0.67, p>0.05), nor did it interact with instructional strategy, indicating that ICT-based cooperative and metacognitive strategies benefit male and female students equally. The findings highlight that structured collaboration, individual accountability and cognitive scaffolding inherent in ICT-integrated approaches enhance conceptual understanding, engagement, and retention in Biology. The study recommends systematic adoption of these strategies, supported by teacher training and ICT resources, to improve learning outcomes. Limitations include purposive sampling and the use of intact classes, which may restrict generalizability.
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Introduction
Cooperative learning has consistently been identified as a high-impact pedagogical approach for enhancing students’ achievement and engagement in science education, particularly in Biology. Abdullahi et al. (2023) conceptualized cooperative learning as an instructional strategy in which students work in small, heterogeneous groups to accomplish structured tasks designed to deepen subject comprehension. Similarly, Okafor and Nwachukwu (2024) emphasized that cooperative learning leverages varied ability levels within teams to promote mutual support, shared responsibility, and enhanced conceptual understanding. Johnson et al. (2022) and Smith and Johnson (2024) described cooperative learning as an umbrella framework encompassing structured collaborative activities in which students jointly engage in intellectual tasks, relying on positive interdependence, individual accountability, and promotive interaction to achieve shared academic goals.

Although cooperative learning methods vary in design, they share core structural features: deliberate group formation, task interdependence, interactive knowledge construction, and restructured content delivery. Among the most widely researched models are Jigsaw and Team Assisted Individualization, both of which integrate collaboration with individual responsibility.
The Jigsaw method, developed by Aronson (1978), organizes students into small groups where each member becomes a “specialist” in a specific segment of the instructional material. According to Ikenna (2023), the structure assigns each learner responsibility for mastering and teaching a designated portion of content to peers. This configuration promotes deeper content engagement, reciprocal teaching, and collective knowledge construction. Smith et al. (2024) reported that such structured interdependence fosters comprehensive and cooperative learning outcomes. Following collaborative sessions across multiple class periods, students complete individual assessments to ensure personal accountability and mastery.
Team Assisted Individualization (TAI), developed by Robert E. Slavin in 1984, integrates individualized instruction with cooperative team support. As noted by Rengiar et al. (2023), TAI combines independent learning phases with structured peer collaboration, thereby maximizing individual academic growth within a supportive group framework. The model incorporates equitable opportunities for success, individual accountability mechanisms, and group-based rewards, thereby reinforcing both cognitive and motivational dimensions of learning.
Complementing these cooperative models is framing, a metacognitive instructional strategy grounded in cognitive science. Introduced by Marvin Minsky in 1975, framing was conceptualized as a structured approach to organizing knowledge in ways that facilitate retrieval and comprehension. In instructional contexts, framing supports structured content delivery by contextualizing concepts, highlighting essential relationships, and guiding learners’ interpretive processes (Ness, 2016). Drawing on principles of cognitive load management and schema activation (Zheng & Gupta, 2020), framing enhances students’ ability to connect foundational ideas to complex constructs, thereby strengthening conceptual organization and retention. When integrated with cooperative strategies such as Jigsaw and TAI, framing offers a complementary cognitive scaffold that enhances information internalization and structural understanding.
Collectively, Jigsaw, TAI, and framing directly influence students’ academic achievement by strengthening cognitive structures, fostering engagement, and promoting higher-order thinking. Academic achievement, in this context, refers to the extent to which students demonstrate mastery of prescribed knowledge, competencies, and skills. It encompasses not only conceptual understanding but also the application of scientific procedures, problem-solving proficiency, and critical reasoning. In science education, achievement is typically measured through examinations, laboratory performance, practical assessments, and analytical tasks.
Biology occupies a central position within Nigeria’s senior secondary school curriculum. As defined by Chukwu and Arokoyu (2019), Biology examines living organisms and their interactions with the environment, including their origins, evolution, structures, and functional processes. The Nigerian Educational Research and Development Council (NERDC) Biology curriculum mandates that instruction must equip learners with relevant laboratory competencies and practical scientific skills (Chukwu&Arokoyu, 2019). Beyond conceptual knowledge, Biology fosters problem-solving abilities and environmental literacy, positioning it as foundational to scientific and national development.
Despite its significance, students’ performance in Biology has remained persistently low. Reports by the West African Examinations Council (WAEC) between 2019 and 2023 consistently document weak conceptual understanding in core areas such as genetics, ecology, tissues and supporting systems, digestive and transport systems physiology, and evolution. Candidates demonstrate deficiencies in essay construction, practical investigations, diagram interpretation, and application-based questions. The 2022–2023 Chief Examiners’ Reports highlighted shallow comprehension of fundamental biological principles and difficulty interpreting biological data and illustrations. Earlier reports (2019–2021) indicated that average pass rates (A1–C6) in Biology ranged between 30% and 40%, compared with approximately 50% in English Language and Mathematics. These patterns suggest systemic instructional challenges, including overreliance on rote memorization, limited conceptual engagement, ineffective pedagogy, and insufficient technology integration.
The integration of Information and Communication Technology (ICT) has therefore become a strategic priority in Nigerian education reform. However, implementation remains limited. Although the Nigerian Educational Research and Development Council (2016) reported that only 22% of teachers nationwide were adequately trained in ICT-integrated lesson delivery, classroom practice continues to be dominated by lecture-based, chalk-and-talk approaches and outdated textbooks. ICT tools such as simulations, digital animations, concept-mapping software, and online instructional videos remain underutilized. While the Federal Ministry of Education Nigeria articulated ICT integration goals in the National Policy on ICT in Education (2020), infrastructural deficits and limited teacher capacity constrain effective implementation. Ogunniyi and Fakorede (2020) further found that only 18% of public-school Biology teachers employ ICT tools in instructional delivery.
These empirical gaps underscore the need for rigorous, higher-level research that bridges policy intentions with context-responsive pedagogical innovation. Addressing persistent underachievement in Biology requires the systematic integration of cooperative learning frameworks with ICT-enhanced instructional delivery. Consequently, the present study empirically examined two innovative ICT-based instructional strategies, ICT-Integrated Jigsaw and ICT-Integrated Team Assisted Individualization, to determine their effects on students’ academic achievement in Biology. By aligning collaborative pedagogy with digital scaffolding, the study provides a data-driven intervention aimed at improving WAEC and NECO Biology outcomes within the Nigerian secondary education context.
The objectives of the study are to determine:
1. the effect of ICT-integrated instructional strategies (Jigsaw, Team Assisted Individualisation and Framing) on senior secondary students' achievement in Biology.
2. the main effect of gender on senior secondary students’ achievement in biology when taught using Jigsaw, Team Assisted Individualisation and Framing.
3. the interaction effect of treatment and gender on senior secondary students’ achievement in Biology.

Null Hypotheses
Three null hypotheses guided the study.
1. There is no significant main effect of treatments on senior secondary students’ achievement in biology. 
2. There is no significant main effect of gender on senior secondary students’ achievement in biology when taught using Jigsaw, Team Assisted Individualisation and Framing.
3. There is no significant interaction effect of treatment and gender on senior secondary students’ achievement in Biology.
Methodology

Design and Sample
The study employed a non-randomised pre-test–post-test control group quasi-experimental design to determine the effects of ICT-integrated instructional strategies on students’ achievement in Biology. This design was appropriate given the natural school setting and the need to preserve existing classroom structures while allowing for rigorous comparison between intervention and control conditions.

The target population consisted of senior secondary school two (SS II) Biology students in all the public schools within Education District III of Lagos State, Nigeria under the control of Lagos State Teaching Service Commission (TESCOM). A total of 432 students participated in the study, including 177 males and 255 females drawn from twelve intact classes. Participants were distributed across three experimental groups and one control group: 89 in Experimental Group I, 115 in Experimental Group II, 109 in Experimental Group III, and 119 in the Control Group.

Twelve public senior secondary schools were purposively selected. Nine schools were assigned to the experimental conditions, while three served as controls. Selection criteria included the availability of functional computer facilities to support ICT-based instruction, the presence of qualified Biology teachers with a minimum of five years’ teaching experience, a consistent record of presenting candidates for WAEC and NECO examinations with demonstrated willingness to participate, and co-educational status to ensure gender representation. The use of intact classes maintained the authenticity of the classroom environment, minimized disruption to regular instruction, and strengthened the ecological validity of the findings.

Instruments and Data Collection
Biology Achievement Test (BAT), Instructional packages for the three experimental strategies and lesson plans were used to generate data for the study. BAT contained 57 multiple-choice items adapted from past Biology objective questions of the West African Examinations Council between 2017 and 2022. The items covered tissue and supporting systems, digestive system, and transport system, and were distributed across cognitive levels ranging from remembering to creating to ensure both content and cognitive balance.

Content and face validity of the BAT was established through expert review in Biology education, test construction, and English language to ensure clarity, relevance, and alignment with the curriculum. The lesson plans were similarly reviewed to confirm scope, accuracy, and appropriateness. Reliability was determined through pilot testing with 74 SS II students outside the study area. The BAT, assessed using the test–retest method and Kuder–Richardson Formula 21, yielded a reliability coefficient of 0.78indicating acceptable internal consistency.

Data collection spanned twelve weeks in four phases. Participating teachers first received one week of training on implementing the treatment packages, and students were oriented to cooperative and metacognitive learning strategies. Pre-tests were then administered, with the achievement test. The intervention phase lasted nine weeks. Three experimental groups received ICT-integrated Jigsaw, ICT-integrated Team Assisted Individualization, and ICT-integrated Framing strategies, while the control group was taught using the conventional lecture method.
In ICT-Integrated Jigsawgroup, lesson content was divided into subtopics and students were organized into heterogeneous groups with designated leaders. Each student was assigned a specific segment of the content and collaborated with peers from other groups who had the same segment to form expert sub-groups for structured discussion and brainstorming. Afterward, students returned to their home groups to teach their assigned sections, with group leaders coordinating presentations and the teacher providing clarification and feedback. ICT tools supported content exploration and collaborative engagement.

In ICT-Integrated Team Assisted Individualization (TAI), students were organized into small mixed-ability groups following a brief teacher-led introduction of the topic and learning guidelines. Instruction combined individual study with peer support, as group members discussed individual learning outcomes and cross-checked one another’s work. The teacher facilitated consolidation, reinforcement, and summary of key concepts. Individual quizzes were administered, and group recognition was based on members’ improvement scores, reinforcing accountability and cooperative achievement. Feedback, corrections, and conclusions were provided at the end of each lesson, with ICT resources integrated to enhance learning.

In ICT-Integrated Framing approach, the teacher introduced the topic and provided students with a structured graphic organiser known as a Frame. Students summarised key ideas, identified essential details, and organised information hierarchically within the template. Through guided discussion, small-group collaboration, or whole-class interaction, learners developed a central “Big Idea” statement that connected the topic to broader concepts or real-world applications. The teacher facilitated reflection, evaluation, and extension activities, using ICT tools to support structured understanding and conceptual integration.

The control group received conventional teacher-centered delivery. Lessons were delivered through lectures and demonstrations, with students listening, taking notes, and responding to teacher questions individually. Peer interaction was minimal, and learning activities were largely passive. Students completed take-home assignments, and ICT integration was not systematically incorporated.

Data analysis
Data collected were analyzed at 0.05 level of significance using inferential statistics of analysis of covariance (ANCOVA) with pre-test scores as covariates to determine if statistical main effects of treatments are found while multiple classification analysis (MCA) was used to present the magnitude of the mean scores. Scheffe Post hoc test was used to establish the variation due to treatment and to search for the source of significance.

Ethical Consideration 
This study adhered to strict ethical standards for research involving human participants. Ethical approval was obtained from the Lagos State Ministry of Basic and Secondary Education, and Education District III, and all procedures followed principles of respect, beneficence, and justice.
Informed consent was obtained from students, with clear explanations of the study’s purpose, scope, and voluntary nature, including the right to withdraw at any time. Participants’ identities were protected through pseudonyms and secure data storage, ensuring confidentiality. The interventions posed minimal risk, being educationally sound and aligned with the existing Biology curriculum.

Permissions were also obtained from school authorities, including principals and Biology teachers, who were fully briefed on the study. ICT tools used were approved, educationally appropriate, and did not require sharing private information. All participants were treated equitably, regardless of gender or ability, with unbiased allocation to groups and equal access to materials. 

Results and Discussion

HO1. There is no significant main effect of treatment on senior secondary school students’ achievement in biology.
Table 1.ANCOVA of Post Achievement Scores of Biology Students treated with ICT-integrated Jigsaw, ICT-integrated TAI, ICT-integrated Framing strategies and Lecture Method
	Source
	Type III Sum of Squares
	DF
	Mean Square
	F
	Sig.

	Corrected Model
	4911.32
	16
	306.96
	9.12
	.000

	Intercept
	4708.58
	1
	4708.58
	139.86
	.000

	Pretest
	86.15
	1
	86.15
	2.56
	.110

	Strategies
	2629.38
	3
	876.46
	26.03
	.000*

	Error
	13971.79
	427
	33.67
	
	

	Total
	214511.00
	432
	
	
	

	Corrected Total
	18883.11
	431
	
	
	


R Squared = .260 (Adjusted R Squared =.232) 

From Table 1, the observed F-value was significant (F(3, 427)=26.03; p < 0.05), indicating a statistically significant main effect of instructional strategy on students’ achievement in Biology. This implies that there was a statistically significant difference in the post-test means scores of biology students exposed to the three experimental conditions (ICT-integrated Jigsaw, TAI and Framing) and the control method.

Further, in other to determine the magnitude of the mean scores of students in each of the treatment and control groups, the MCA is reported in Table 2.

Table 2.Multiple Classification Analysis of Achievement Scores According toTreatment
	Treatment
	N
	Unadjusted
	Adjusted for Factors and Covariates
	Eta
	Unadjusted     
	Adjusted for Factors and Covariates
	Beta

	Jigsaw
	89    
	19.18
	19.23
	.49
	-2.10
	-2.05
	.48

	TAI
	115
	25.50
	25.25
	
	4.22
	3.97
	

	Framing
	109
	22.89
	23 07
	
	1.61
	1.79
	

	Lecture
	119    
	17.29
	17.34
	
	-3.99
	-3.94
	


Grand Mean = 21.28
Result from Table 2 shows that students in ICT-integrated TAI instructional strategy obtained the highest mean achievement score (X̅ = 25.50). Those in Framing group scored next to them (X̅ = 22.89), followed by those in Jigsaw (X̅ = 19.18) while students in Lecture method group scores the lowest (X̅ = 17.29). This implies that the ICT-integrated TAI instructional strategy was more effective than the Framing and Jigsaw instructional strategies and the Lecture method. The order of decreasing magnitude of biology achievement mean scores of the groups are represented as ICT-integrated TAI strategy > Framing strategy > Jigsaw strategy > Lecture method.
In order to test for the source of significant effect of treatment obtained from ANCOVA result in Table 2, the Scheffe Post-hoc analysis was carried out and presented in Table 3.

Table 3.Scheffe Multiple Range Tests of Achievement by Treatment
	Treatment
	N
	Mean
	Jigsaw
	TAI
	Framing
	Lecture

	Jigsaw
	89
	19.18
	
	*
	*
	

	TAI
	115
	25.50
	*
	
	*
	*

	Framing
	109
	22.89
	*
	*
	
	*

	Lecture
	119
	17.29
	
	*
	*
	


* Significantly different at p˂ 0.05
Result from Table 3 shows that group one 1 (ICT-integrated Jigsaw instructional strategy) significantly differs from ICT-integrated TAI and Framing strategies with mean scores 19.18, 25.50 and 22.89 respectively. ICT-integrated TAI (X̅ = 25.50) strategy significantly differs from ICT-integrated Jigsaw (X̅ = 19.18), ICT-integrated Framing (X̅ = 22.89) instructional strategies and Lecture method (X̅ = 17.29). ICT-integrated Framing (X̅ = 22.89) instructional strategy differ significantly when compared with ICT-integrated Jigsaw (X̅ = 19.18), ICT-integrated TAI (X̅ = 25.50) instructional strategies and Lecture method (X̅ = 17.29). This reveals that the ICT-integrated TAI instructional strategy has the highest significant effect on students’ achievement in Biology, followed by ICT-integrated Framing and ICT-integrated Jigsaw instructional strategy. The lecture method had the least significant effect on students’ achievement in Biology.

The findings demonstrate a statistically significant main effect of instructional strategy on students’ achievement in Biology, highlighting the effectiveness of cooperative learning approaches. The observed gains can be attributed to the core features of these strategies, including collaboration, active participation, and student-centered engagement (Ruijuan et al., 2023). Notably, the Team Assisted Individualization (TAI) method combines structured teamwork with individualized learning, promoting both group accountability and personal mastery (Taguinod & Ching, 2023). This dual focus appears to enhance cognitive processing, retention, and overall learning outcomes.

The finding that TAI significantly improves students’ achievement aligns with previous research. Arjoni et al. (2021), and Mardiati and Karmana (2024) similarly reported marked improvements in student achievement using TAI. Likewise, Rengiar et al. (2018) found that high school students in TAI learning environments outperformed peers in non-TAI settings, demonstrating superior cognitive gains. The structured, team-based nature of TAI encourages active information processing and application, while the individualized component addresses diverse learning needs, collectively fostering deeper understanding and better academic performance.

Conversely, some studies suggest nuanced differences in cooperative learning effectiveness. Agu and Samuel (2018) observed that while TAI was effective, the Jigsaw II method yielded higher post-test scores, a finding echoed by Gambari and Yusuf (2017), who reported that Jigsaw II produced the highest mean gain scores compared to TAI and other strategies. These results indicate that although TAI is beneficial, certain cooperative approaches such as Jigsaw II may confer additional advantages under specific conditions.

Synthesizing these findings, the present study underscores the value of employing a variety of cooperative learning strategies to optimize student achievement. TAI demonstrates significant benefits, particularly through its combination of collaboration and individualized instruction, but its effectiveness may be further enhanced when complemented by elements from other proven strategies such as Jigsaw II. This suggests that adaptive integration of multiple cooperative methods could provide a more robust framework for improving Biology learning outcomes.

HO2. There is no significant main effect of gender on senior secondary school students’ achievement in Biology.

Table 4. ANCOVA Analysis of Effect of Gender on Students Achievement in Biology
	Source
	Type III Sum of Squares
	DF
	Mean Square
	F
	Sig.

	Corrected Model
	4911.323
	16
	306.958
	9.117
	.000

	Intercept
	4708.576
	1
	4708.576
	139.858
	.000

	Pre-Test
	86.153
	1
	86.153
	2.559
	.110

	Strategies
	2629.379
	3
	876.460
	26.033
	.000

	Gender
	22.650
	1
	22.650
	.673
	.413

	Error
	13971.785
	427
	33.667
	
	

	Total
	214511.000
	432
	
	
	

	Corrected Total
	18883.109
	431
	
	
	


R Squared = .260 (Adjusted R Squared = .232)
The results in Table 4 show that there is no significant main effect of gender on students’ achievement in Biology (F(3,427)=.67;p>0,05).This means that there is no significant gender difference in the achievement of Biology students exposed to ICT-integrated Jigsaw, TAI, Framing instructional strategies and the Lecture method. The R Squared shows that the independent variables accounted for 2.6% of the variation in students’ achievement in biology. This result implies that no treatment was particularly more effective and superior over the other for any of the gender group. 

The study results indicate that gender did not significantly influence post-test biology achievement scores of students after controlling for pretest scores, with treatment and pretest accounting for twenty-six percent of the variance in performance implying that there is no significant main effect of gender on students’ achievement in biology. Although female students had slightly higher mean scores, the difference was not statistically significant. These findings imply that integrating ICT into individualised and cooperative learning frameworks, such as TAI, can enhance students’ engagement and academic performance in biology without introducing gender disparities.

The finding is in line with Cheruiyot et al. (2023) who investigated the impact of computer-assisted teaching strategies on student motivation in biology in Kenyan secondary schools and found no significant gender-related differences, indicating that ICT-based individualized instruction can be equally effective for both male and female students. Further, empirical study by Jack (2023) compared students’ achievement in biology using computer-based tests (CBT) and paper-based tests (PBT) and found no significant gender differences in performance, indicating that ICT-based assessment methods are gender-neutral. These findings suggest that ICT-integrated framing strategies, which often involve structured guidance and contextual learning, can be implemented without exacerbating gender disparities in academic achievement. The current findings support the notion that well-designed, ICT-enhanced pedagogical approaches can promote equitable learning outcomes across genders.

The finding of the study further aligns with Ekineh and Adolphus (2020) and Jia et al. (2021), who reported no significant difference in the performance of male and female students taught ‘Reproduction’ as a topic in biology using the collaborative teaching strategy and lecture method. Studies also indicate that gender differences in academic achievement in science subjects, including biology, have diminished over time due to improved educational practices and increased gender equality in education (Adedayo & Eze, 2023; Parker & Davis, 2022). In addition, the finding support the work of Ibrahim et al. (2023) which revealed no significant difference in performance in biology between male and female students, indicating that the Jigsaw strategy promotes gender-equitable learning outcomes.The current findings also support the notion that well designed ICT-integrated instructional strategies such as TAI, framing and jigsaw do not produce significant gender differences in biology achievement among senior secondary school students.

However, the finding of this study contrasts with earlier research suggesting that gender disparities in STEM subjects may be influenced by instructional methods and classroom dynamics. For instance, some studies in Nigeria suggest that gender may still play a role in academic performance in biology, especially in contexts where cultural and socio-economic factors influence educational opportunities and attitudes towards science education (Ogunleye 2024; Yusuf, 2023). These findings suggest that, irrespective of gender, students benefit comparably from ICT‑enhanced instructional innovations. Educators can therefore design biology curricula and professional development programs without presuming gender‐based learning disparities. Instead, attention can shift to individual learner needs, such as prior achievement or self‑efficacy, knowing that male and female students respond similarly to cooperative, technology‑mediated pedagogies.

HO3. There is no significant interaction effect of treatment and gender on senior secondary school students’ achievement in Biology.



Table 5.ANCOVA Analysis of Interaction Effect of Treatment and Gender on StudentsAchievement in Biology
	Source
	Type III Sum of Squares
	DF
	Mean Square
	F
	Sig.

	Corrected Model
	4911.323
	16
	306.958
	9.117
	.000

	Intercept
	4708.576
	1
	4708.576
	139.858
	.000

	Pre-Test
	86.153
	1
	86.153
	2.559
	.110

	Strategies
	2629.379
	3
	876.460
	26.033
	.000

	Strategy* Gender
	70.686
	3
	23.562
	.700
	.553

	Error
	13971.785
	415
	33.667
	
	

	Total
	214511.000
	432
	
	
	

	Corrected Total
	18883.109
	431
	
	
	


R Squared = .260 (Adjusted R Squared = .232)

The results in table 5 show that there is no significant interaction effect of treatments and gender on students’ achievement in Biology [F(3,427)=.70; p>0,05].This result implies that no treatment was particularly more effective and superior over the other for any of the gender group. The R Squared shows that the independent variables accounted for 26.0% of the variation in students’ achievement in biology. 

The research result presented in the above table implies that no treatment was particularly more effective and superior over the other for any of the gender group suggesting that instructional strategies and gender independently do not alter academic outcomes. This aligns with previous studies, such as Okeke (2018), which found no significant interaction effect of gender and treatment on students' retention in chemistry. 

Similarly, Nwosu and Ndanwu (2020) reported no significant interaction effect of teaching method and gender on students' academic achievement and interest in electronic library courses. Additionally, Amaefuna and Ezeliora (2021) found no significant interaction effect of treatment and gender on students' achievement in Biology using a constructivist-based instructional model. These consistent findings across different studies and subjects emphasize the robustness of the conclusion that gender and instructional methods operate independently rather than interactively in influencing academic performance. This insight is valuable for curriculum planners and educators in designing instructional strategies that are effective across diverse students’ populations without needing to tailor approaches based on gender.

Conclusion
The findings of this study indicate that classroom interactions significantly influence students’ cognitive achievement. This is demonstrated by the consistent gains in post-test scores across all three experimental groups, with TAI, Framing, and Jigsaw strategies showing the highest improvements. These results suggest that ICT-integrated cooperative and metacognitive instructional strategies effectively enhance Biology learning and should be actively adopted by classroom teachers to improve students’ outcomes.
Furthermore, the study found no significant interaction between treatment and gender, indicating that the effectiveness of cooperative and metacognitive strategies is not dependent on gender. This underscores the potential of these approaches to benefit all students equally. Consequently, greater emphasis should be placed on promoting engaging instructional strategies such as cooperative and metacognitive learning techniques across both male and female student populations to maximize academic achievement.
Recommendations
Based on the findings of this study, the following recommendations were made:
i. In order to promote students’ cognitive and affective developments in Biology, the cooperative learning strategy of TAI may be a preferred instructional strategy to adopt; followed by Framing which is a metacognitive strategy compared to cooperation with an element of competition found in Jigsaw.
ii. There is a need to train teachers in cooperative and metacognitive learning principles, techniques and rules for them to be more effective in the teaching/learning process. Incorporating the strategies necessitates significant role change for teachers, so they need support and guidance as they implement the skills until they become comfortable with its usage. 
iii. Biology teachers on the field should be given on-the-job training through organized workshops, seminars, symposia and conferences to expose them to the essential features of learning by cooperation in order to improve their classroom practices, enhance students’ achievement and help them in handling large classes.
iv.	Ministry officials, curriculum planners and heads of schools should encourage and support training on how to implement cooperative and metacognitive learning in schools at all levels. Evaluation mechanisms too should be set in motion to appraise the implementation process and achievement outcomes.

Study Limitations
The study has a few limitations that should be acknowledged. Since intact classes and purposive sampling were used, full randomisation was not possible, which may limit how broadly the findings can be applied. The research focused only on public senior secondary schools in the Education District III of Lagos State, so the results may not reflect the experiences of students in other District or school settings with different resources and cultural contexts.
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