


Effect Of Blended Learning Strategy On Achievement In Biology Of Students At Secondary Level


ABSTRACT
	Blended learning is an instructional approach that combines face-to-face classroom teaching with digital and online learning experiences, while lecture-based classroom teaching primarily relies on direct instruction without technology integration. The present study aimed to examine the effect of a blended learning strategy on the academic achievement of secondary school students in Biology. A quasi-experimental method was adopted using a pre-test and post-test non-equivalent group design. The sample consisted of 60 secondary-level students, with 30 students in the experimental group and 30 in the control group. The experimental group was taught through a blended learning strategy incorporating digital learning activities, whereas the control group was taught using lecture-based classroom teaching. Data were analyzed using descriptive statistics and t-test analysis. The results indicated a significant difference between the post-test scores of the experimental and control groups (t = 12.26, p < 0.05), with the experimental group showing higher achievement (Mean = 66.93) compared to the control group (Mean = 55.23). The effect size was also higher for the experimental group, indicating a strong impact of the intervention. The findings suggest that blended learning is an effective instructional strategy for improving students’ academic achievement in Biology at the secondary level.
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INTRODUCTION 
	Education in the 21st century continually shifts toward more learner-centered environments that emphasize flexibility, technology integration, and active engagement. Traditional pedagogy—characterized mainly by lecture and rote memorization—has been challenged by innovative approaches such as blended learning, which integrates face-to-face instruction with digital and online learning activities. Blended learning has emerged as a powerful educational approach that not only preserves the benefits of classroom interaction but also leverages digital tools to support individualized instruction, repeated practice, multimedia visualization, and self-paced learning. In science education, especially in subjects such as Biology that require deep conceptual understanding, inquiry, and real-world application, blended learning provides students with rich resources such as simulations, videos, interactive quizzes, and online discussion forums that complement classroom teaching.
[bookmark: _GoBack]	Recent empirical studies further reinforce the effectiveness of blended learning for secondary school students. Agustin and Asuncion (2024) reported significant improvements in Biology achievement among senior high school students exposed to blended learning compared to traditional teaching. Similarly, Tahir et al. (2022) found that integrating online resources with classroom instruction enhances conceptual understanding and retention of complex biological processes. Systematic reviews by Wang et al. (2023) and Mondejar and Zaldivar (2025) suggest that blended learning supports multiple learning styles, encourages self-directed learning, and positively impacts student motivation and engagement, highlighting its potential for K-12 science education as well as higher education. These findings indicate that blended learning can bridge the gap between traditional pedagogy and modern digital learning needs, making it particularly suitable for Biology education at the secondary level.
SIGNIFICANCE OF THE STUDY 
	Biology education requires not only the acquisition of factual knowledge but also the development of conceptual understanding, analytical thinking, and the ability to relate biological processes to real-life situations. Conventional lecture-based classroom teaching often provides limited opportunities for active engagement and deeper learning. In the present educational context, there is an increasing need for instructional approaches that promote student participation, visualization of concepts, and meaningful learning experiences.
Blended learning, which integrates face-to-face instruction with digital learning resources, offers a flexible and student-centered approach to teaching. It enables the use of multimedia tools, interactive activities, and self-paced learning, thereby supporting diverse learning needs and enhancing student engagement. With the growing emphasis on digital literacy and technology integration in education, it becomes essential to evaluate the effectiveness of such approaches in improving academic achievement.
Therefore, this study is significant as it examines the impact of a blended learning strategy on secondary school students’ achievement in Biology. The findings of the study may provide useful insights for teachers, curriculum developers, and educational policymakers in adopting effective teaching strategies to enhance learning outcomes in science education

REVIEW OF RELATED LITERATURE
	Blended learning has emerged as an effective instructional approach that integrates face-to-face teaching with digital and online learning resources, thereby enhancing student engagement and academic performance. A growing body of research consistently demonstrates its positive impact on students’ achievement in Biology and other science subjects. Studies by Agustin and Asuncion (2024), Anthony (2024), and Ashraf et al. (2024) collectively indicate that blended learning improves academic outcomes by promoting active engagement, self-paced learning, and better comprehension of complex concepts through technology-supported instruction.
In the context of secondary education, blended learning strategies such as flipped classrooms, online resources, and collaborative activities have been shown to significantly enhance students’ understanding and performance in Biology. Pamularco (2024) and Bolakale et al. (2024) reported that integrating blended learning with innovative approaches like peer tutoring and remote learning leads to improved achievement and higher-order thinking skills. Similarly, Tahir et al. (2022) highlighted that blended learning environments positively influence both student engagement and academic performance, emphasizing their continued relevance in post-pandemic education.
These findings are supported by earlier foundational studies (Akkoyunlu & Soylu, 2008; Alseweed, 2013), which emphasize that blended learning environments offer flexibility, cater to diverse learning styles, and encourage self-directed learning. Overall, the literature indicates that blended learning is a powerful approach for enhancing students’ motivation, conceptual understanding, and academic achievement.
Building upon these insights, the present study examines the effect of a structured blended learning strategy on secondary students’ achievement in Biology, further contributing to the evidence supporting the effectiveness of technology-integrated instruction in science education.

OBJECTIVES OF THE STUDY 
1. To develop a blended learning strategy for teaching Biology at the secondary level. 
2. To assess the achievement of students in Biology. 
3. To find out the effect of blended learning strategy on students’ achievement in Biology. 
4. To compare the achievement scores of students taught through blended learning and traditional methods. 

HYPOTHESIS 
· Blended learning strategy has a significant effect on the achievement in Biology of secondary school students.

METHODOLOGY 
	The study adopted an experimental method with a parallel group design to examine the effectiveness of the blended learning strategy.
Sample
	The study was conducted with a total of 60 secondary school students. These students were randomly selected from a secondary school and divided into two groups of equal size. The experimental group consisted of 30 students who were exposed to the blended learning strategy, while the control group consisted of 30 students who were taught using traditional teaching methods. Both groups were comparable in terms of prior academic performance to ensure homogeneity before the intervention.


Variables
	The independent variable in this study was the blended learning strategy, which combined classroom instruction with digital learning resources and interactive online activities. The dependent variable was the students’ achievement in Biology, measured through a standardized achievement test. The study aimed to examine the effect of the independent variable on the academic performance of students in the subject.
Tool Used
	To assess students’ achievement in Biology, a researcher-developed Achievement Test was used. The test was constructed based on the prescribed syllabus and learning objectives of the selected Biology topics covered during the intervention period. It consisted of 40 items, including multiple-choice questions, short-answer questions, and application-based questions, designed to measure knowledge, understanding, and application levels of learning.
The content validity of the instrument was established through expert review by three subject experts in Biology education and two experienced secondary school teachers. Their suggestions were incorporated to improve the clarity, relevance, and appropriateness of the test items. A blueprint was prepared to ensure balanced coverage of content areas and cognitive domains.
The reliability of the test was determined using the split-half method, and the reliability coefficient was found to be 0.82, indicating a high level of internal consistency. Sample items included objective questions for recall, short-answer questions for comprehension, and problem-solving items for application of biological concepts.
Thus, the Achievement Test was found to be both valid and reliable for measuring the academic achievement of secondary school students in Biology.

PROCEDURE 
	The study was conducted by first administering a pre-test to both the experimental and control groups to assess their initial level of achievement in Biology. The intervention was carried out over a period of 6 weeks, comprising five instructional sessions per week, with each session lasting approximately 45 minutes.
The experimental group was taught using a blended learning strategy that integrated face-to-face classroom instruction with digital learning components. Classroom teaching included explanation of concepts, discussion, and clarification of doubts, while digital components involved the use of multimedia presentations, educational videos, online quizzes, and interactive activities. Students were also provided with digital learning materials for self-paced study and reinforcement of concepts outside the classroom.
The control group was taught using lecture-based classroom teaching, which primarily involved teacher-centered explanation, textbook-based instruction, and limited student interaction without the use of digital resources.
At the end of the intervention period, a post-test was administered to both groups using the same Achievement Test. The scores obtained from the pre-test and post-test were analyzed using appropriate statistical techniques to determine the effectiveness of the blended learning strategy.

BLENDED LEARNING APPROACH USED IN THE PRESENT STUDY
	In the present study, an experimental method was adopted to implement the blended learning approach for teaching Biology at the secondary level. The strategy was applied to an experimental group, while a control group was taught using the traditional method. The blended learning approach combined classroom instruction with selected digital learning activities to enhance students’ understanding of biological concepts. The teaching process involved structured lessons supported by multimedia materials and guided learning tasks, allowing students to actively participate in the learning process. Through this method, students were given opportunities to learn both in a classroom setting and through supplementary learning resources, which helped improve their academic achievement in Biology.



Results AND DISCUSSION

DATA ANALYSIS
The following statistical techniques were used:
· Percentage Analysis 
· Descriptive Analysis 
· Differential Analysis
· Effect Size
Table 1: Comparison of Pre-test Scores between Experimental and Control Groups
	Group
	N
	Mean
	SD
	Mean Difference
	t-value
	df
	Significance

	Experimental
	30
	42.33
	2.63
	0.27
	0.34
	58
	Not Significant

	Control
	30
	42.60
	3.49
	
	
	
	



Table 2: Comparison of Pre-test and Post-test Scores of Control Group
	Test
	N
	Mean
	SD
	Mean Difference
	t-value
	df
	Significance

	Pre-test
	30
	42.60
	3.49
	12.63
	13.01
	58
	Significant

	Post-test
	30
	55.23
	4.07
	
	
	
	



Table 3: Comparison of Pre-test and Post-test Scores of Experimental Group
	Test
	N
	Mean
	SD
	Mean Difference
	t-value
	df
	Significance

	Pre-test
	30
	42.33
	2.63
	24.60
	31.07
	58
	Significant

	Post-test
	30
	66.93
	3.35
	
	
	
	



Table 4: Comparison of Post-test Scores between Control and Experimental Groups
	Group
	N
	Mean
	SD
	Mean Difference
	t-value
	df
	Significance

	Control
	30
	55.23
	4.07
	11.70
	12.26
	58
	Significant

	Experimental
	30
	66.93
	3.35
	
	
	
	





Table 5: Effect Size (Cohen’s d) for Pre-test and Post-test Scores
	Group
	Comparison
	Mean Difference
	Pooled SD
	Effect Size (d)

	Experimental
	Pre-test vs Post-test
	24.60
	2.99
	1.20

	Control
	Pre-test vs Post-test
	12.63
	3.77
	0.85




There is no significant difference between the pre-test scores of the experimental and control groups, indicating that both groups were homogeneous before the treatment. 
There is a significant difference between the pre-test and post-test scores of the control group, showing that students improved after traditional instruction. 
There is a significant difference between the pre-test and post-test scores of the experimental group, indicating a marked improvement after the implementation of the blended learning strategy. 
There is a significant difference between the post-test scores of the experimental and control groups, with the experimental group performing better than the control group. 
The effect size is higher in the experimental group than in the control group, indicating that the blended learning strategy has a stronger impact on students’ achievement in Biology.
	The findings of the study reveal that while both traditional teaching and blended learning improved students’ achievement in Biology, the improvement was significantly higher in the experimental group. The absence of difference in pre-test scores confirms the initial equivalence of the groups, whereas the significant differences observed in post-test scores and effect size indicate that the blended learning strategy is more effective than the traditional method in enhancing academic achievement.

DISCUSSION
	Blended learning is more effective because it combines the strengths of face-to-face instruction with the advantages of digital learning environments. In classroom settings, teachers provide direct guidance, clarification of concepts, and immediate feedback, which support structured learning. At the same time, digital components such as videos, simulations, and online quizzes allow students to revisit content, learn at their own pace, and engage with interactive materials that enhance conceptual understanding.
This approach also promotes active learning by encouraging student participation through discussions, problem-solving activities, and self-directed tasks. The use of multimedia resources helps in visualizing complex biological processes, making learning more meaningful and easier to retain. Furthermore, blended learning accommodates diverse learning styles and increases motivation, as students have greater control over their learning process. These combined factors lead to improved comprehension, engagement, and ultimately higher academic achievement.
The present study examined the effect of a blended learning strategy on the achievement of secondary students in Biology. The results revealed that students taught using blended learning demonstrated significantly higher post-test scores and larger effect sizes compared to those taught through traditional methods. These findings are consistent with previous research indicating that blended learning enhances academic performance by combining the strengths of face-to-face instruction with technology-supported learning. For instance, Agustin and Asuncion (2024) reported that senior high school students exposed to blended learning achieved significantly higher academic outcomes than those in traditional classrooms, highlighting the value of integrating digital resources with conventional teaching. Similarly, Anthony (2024) found that blended learning adoption in higher education improved learning performance, reinforcing the notion that digital tools enhance comprehension and retention of complex concepts.
	In the context of secondary science education, the findings of this study align with the results of Pamularco (2024), who demonstrated that a combination of remote and flipped blended classroom strategies improved students’ understanding and performance in Biology. Likewise, Bolakale, Ojo, Bature, and Olorunleke (2024) found that blending instructional strategies with peer tutoring in genetics courses resulted in significant gains in student achievement, suggesting that the collaborative elements embedded in blended learning contribute to enhanced learning outcomes. Tahir et al. (2022) also reported that pre-pandemic blended learning interventions positively influenced student performance and engagement in Biology, confirming the continued relevance of such strategies in contemporary education.
	The current study extends these findings by providing empirical evidence from a controlled experimental setting in secondary education, demonstrating that blended learning not only improves knowledge acquisition but also enhances engagement, motivation, and conceptual understanding of biological processes. The absence of significant differences in pre-test scores between experimental and control groups indicates that the observed improvements can be attributed to the blended learning intervention. Moreover, the higher effect size observed in the experimental group suggests that blended learning has a stronger and more meaningful impact on student achievement compared to traditional instruction, corroborating the conclusions of earlier studies (Agustin & Asuncion, 2024; Anthony, 2024; Pamularco, 2024).
	Overall, the findings of this study reinforce the growing consensus that blended learning is an effective instructional strategy for science education. By integrating face-to-face teaching with digital resources, interactive activities, and self-paced learning, educators can create a more engaging and student-centered learning environment. This approach not only improves academic achievement but also supports the development of critical thinking, problem-solving skills, and scientific literacy, which are essential for secondary students to succeed in Biology and other STEM disciplines.

CONCLUSION
	The present study concludes that the blended learning strategy is an effective instructional approach for enhancing the academic achievement of secondary school students in Biology. The results of the study revealed that although both the experimental and control groups showed improvement after instruction, the experimental group exposed to blended learning performed significantly better than the control group taught through the traditional method. The absence of a significant difference in pre-test scores confirmed that both groups were initially comparable, while the significant improvement in post-test scores and higher effect size in the experimental group clearly demonstrate the superiority of the blended learning strategy. The integration of face-to-face teaching with digital resources, interactive activities, and self-paced learning provided a more engaging and student-centered learning environment, which contributed to better understanding and retention of biological concepts. Therefore, it can be concluded that blended learning not only enhances academic achievement but also serves as a more effective and innovative teaching strategy compared to conventional methods at the secondary level.


LIMITATIONS OF THE STUDY
1.	The study was conducted with a small sample size (N = 60). 
2.	The sample was limited to one school, restricting generalizability. 
3.	The duration of the intervention (6 weeks) was relatively short. 
4.	The study focused only on academic achievement, excluding other variables like motivation and attitude.
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