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ABSTRACT
	Blended learning refers to an instructional approach that integrates traditional classroom teaching with digital and technology-supported learning experiences. The present study was conducted to examine the effect of a blended learning strategy on the academic achievement of secondary school students in Biology. An experimental method was adopted using a pre-test and post-test non-equivalent group design. The sample consisted of 60 secondary-level students divided into 30 experimental and 30 control groups. The experimental group was taught through a blended learning strategy incorporating digital learning activities, while the control group was taught using the traditional direct instruction method. The results revealed that students exposed to the blended learning strategy showed significantly higher achievement in Biology compared to those taught through conventional methods. The findings indicate that blended learning is an effective approach for improving academic performance 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.
	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.
NEED AND SIGNIFICANCE OF THE STUDY 
	Biology demands not only memorization of facts but also conceptual reasoning, visualization of biological processes, and the ability to connect abstract concepts with real-life applications. Traditional methods of teaching Biology often fall short in promoting deep engagement, self-directed inquiry, and retention of knowledge. With the widespread availability of technology and the increasing push toward digital literacy in education, there is a compelling need to explore instructional strategies that blend classroom teaching with technology-supported learning. Blended learning addresses several limitations of conventional teaching by providing flexible access to materials, multimedia resources that support conceptual understanding, differentiated instruction catering to diverse learner needs, and enhanced engagement through online collaborations and assessments. Given the global shift toward digital educational practices post-COVID-19 and the surge in studies examining blended learning’s effect on academic outcomes, it is timely and significant to evaluate how blended learning influences secondary students’ achievement specifically in Biology—a subject critical for science literacy and future STEM pathways.
	Recent studies underscore the relevance and urgency of this research. Ashraf et al. (2024) demonstrated that medical and science students exposed to blended learning achieved higher performance scores, while Bolakale et al. (2024) found that peer-assisted blended learning approaches significantly enhanced understanding of genetics concepts among secondary-level agricultural students. Likewise, Anthony (2024) highlighted the adoption of blended learning as a key factor in improving academic outcomes, engagement, and self-efficacy among students. These contemporary findings reinforce the need to implement and assess blended learning strategies in secondary Biology classrooms, ensuring that students not only acquire factual knowledge but also develop critical thinking, analytical skills, and long-term retention essential for STEM success.
REVIEW OF RELATED LITERATURE
	Blended learning has emerged as a highly effective instructional approach, integrating traditional classroom teaching with digital resources and online activities, thereby enhancing student engagement and academic performance. Recent studies have consistently shown that blended learning positively affects students’ achievement in Biology and other science subjects. Agustin and Asuncion (2024) reported that senior high school students exposed to blended learning exhibited significantly higher academic achievement compared to those taught via conventional methods. Similarly, Anthony (2024) found that adopting blended learning strategies in higher education significantly improved learning performance, highlighting the role of technology-enhanced instruction in supporting comprehension and retention of complex concepts. Ashraf, Tsegay, Gull, Saeed, and Dawood (2024) also emphasized that blended learning contributes to improved academic outcomes by promoting active engagement, self-paced learning, and interactive learning experiences among students.
	In secondary education, Pamularco (2024) demonstrated that a combination of remote and flipped classroom strategies within blended learning significantly enhanced Biology students’ academic performance, supporting the premise that blended instructional methods promote higher-order thinking and conceptual understanding. Bolakale, Ojo, Bature, and Olorunleke (2024) found that integrating blended learning with peer tutoring in genetics courses produced significant improvements in student achievement, suggesting that collaborative elements within blended learning further strengthen learning outcomes. Tahir, Van Mierlo, Radauskas, Yeung, Tracey, and da Silva (2022) highlighted that pre-pandemic insights in Biology classrooms indicated blended learning improved both engagement and performance, a finding that has continued relevance in post-pandemic instructional strategies. These results align with earlier foundational research, which indicated that blended learning environments provide flexibility, support multiple learning styles, and foster self-directed learning, all of which contribute to improved academic outcomes (Akkoyunlu & Soylu, 2008; Alseweed, 2013).
	Overall, recent research underscores that blended learning is not only effective in improving achievement but also enhances students’ motivation, engagement, and ability to comprehend complex biological concepts. The current study builds upon this growing body of evidence by examining the effect of a structured blended learning strategy on secondary students’ achievement in Biology, confirming that combining classroom instruction with digital learning resources is a promising approach for enhancing 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 carefully prepared and validated to ensure reliability and appropriateness for measuring secondary-level Biology knowledge. The instrument included questions covering selected topics taught during the intervention period and was designed to assess both conceptual understanding and application of biological concepts.

PROCEDURE 
	The study was conducted by administering a pre-test to both experimental and control groups to assess their initial level of achievement. The experimental group was taught using a blended learning strategy that included classroom teaching, digital resources, online materials, and interactive activities. The control group was taught using the traditional lecture method. After the instructional period, a post-test was conducted for both groups. The scores obtained were analyzed 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.



FINDINGS AND DISCUSSION

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

	Experimental
	30
	42.33
	2.631
	0.27
	0.34
	58
	Not Significant

	Control
	30
	42.60
	3.490
	
	
	
	



Table 2
Significant Difference between Pre-test and Post-test Scores of the Control Group
	Achievement Test
	N
	Mean
	S.D
	Mean Difference
	t-value
	df
	Level of Significance

	Pre-test
	30
	42.60
	3.490
	12.63
	13.01
	58
	Significant

	Post-test
	30
	55.23
	4.066
	
	
	
	



Table 3
Significant Difference between Pre-test and Post-test Scores of the Experimental Group
	Achievement Test
	N
	Mean
	S.D
	Mean Difference
	t-value
	df
	Level of Significance

	Pre-test
	30
	42.33
	2.631
	24.60
	31.07
	58
	Significant

	Post-test
	30
	66.93
	3.352
	
	
	
	



Table 4
Significant Difference between the Post-test Scores of Control and Experimental Groups
	Group
	N
	Mean
	S.D
	Mean Difference
	t-value
	df
	Level of Significance

	Control
	30
	55.23
	4.066
	11.70
	12.26
	58
	Significant

	Experimental
	30
	66.93
	3.352
	
	
	
	






Table 5
Effect Size Analysis
	Group
	Test
	N
	Mean
	SD
	SD (Pooled)
	Effect Size (d)

	Experimental
	Pre-test
	30
	42.33
	2.631
	2.99
	8.12

	Experimental
	Post-test
	30
	66.93
	3.352
	
	

	Control
	Pre-test
	30
	42.60
	3.490
	3.77
	3.44

	Control
	Post-test
	30
	55.23
	4.066
	
	



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
	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.

COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES
1. Agustin, M., & Asuncion, M. A. (2024). Blended learning and the academic achievement of biology students in senior high school: A mixed method study. Psychology and Education: A Multidisciplinary Journal, 28(3), 181–186. https://doi.org/10.5281/zenodo.14224786 (link)
2. Akkoyunlu, B., & Soylu, M. Y. (2008). A study of students’ perceptions in a blended learning environment based on different learning styles. Educational Technology & Society, 11(1), 183–193. https://www.jstor.org/stable/10.2307/10.2307/10.2307/10.2307/10.2307 (link)
3. Alseweed, M. A. (2013). Students’ achievement and attitudes toward using traditional learning, blended learning, and virtual classes learning in teaching and learning at the university level. Studies in Literature and Language, 6(1), 65–73. https://www.cscanada.net/index.php/sll/article/view/3856 (link)
4. Anthony, B. J. (2024). Examining blended learning adoption towards improving learning performance in institutions of higher education. Technology, Knowledge and Learning, 29, 1401–1435. https://doi.org/10.1007/s10758-023-09712-3 (link)
5. Ashraf, M. A., Tsegay, S. M., Gull, N., Saeed, M., & Dawood, H. (2024). The role of blended learning in improving medical students’ academic performance: Evidence from Pakistan. Frontiers in Medicine, 11, 1425659. https://doi.org/10.3389/fmed.2024.1425659 (link)
6. Bolakale, J. S., Ojo, A. K., Bature, S. S., & Olorunleke, A. E. (2024). Effects of blended learning and peer tutoring on genetics achievement among agricultural education students. Indonesian Journal of Curriculum and Educational Technology Studies, 12(2). https://doi.org/10.15294/ijcets.v12i2.15312 (link)
7. Bonk, C. J., & Graham, C. R. (2006). The blended learning handbook: Global perspectives, local designs. Pfeiffer.
8. Graham, C. R. (2006). Blended learning systems: Definition, current trends, and future directions. In C. J. Bonk & C. R. Graham (Eds.), The blended learning handbook: Global perspectives, local designs (pp. 3–21). Pfeiffer.
9. Mondejar, J. C. B., & Zaldivar, G. B. (2025). Blended learning approach: Its implications for students’ academic performance in physical science. International Journal of Research and Scientific Innovation. https://doi.org/10.51244/IJRSI.2025.12040107 (link)
10. Osguthorpe, R. T., & Graham, C. R. (2003). Blended learning environments: Definitions and directions. The Quarterly Review of Distance Education, 4(3), 227–233. https://www.infoagepub.com/qrde (link)
11. Pamularco, M. C. B. (2024). Influence of remote and flipped blended classroom learning approaches on the academic performance of senior high school biology students. International Journal of Research and Innovation in Social Science. https://dx.doi.org/10.47772/IJRISS.2024.803297S (link)
12. Singh, H. (2003). Building effective blended learning programs. Educational Technology, 43(6), 51–54.
13. Tabassum, B., Moin, M., Abbas, Q., & Kumbhar, M. I. (2024). The impact of blended learning on student performance. Journal of Education and Social Studies, 5(2), 360–371. https://doi.org/10.5281/zenodo.14225123 (link)
14. Tahir, I., Van Mierlo, V., Radauskas, V., Yeung, W., Tracey, A., & da Silva, R. (2022). Blended learning in a biology classroom: Pre‑pandemic insights for post‑pandemic instructional strategies. FEBS Open Bio, 12(7), 1286–1305. https://doi.org/10.1002/2211-5463.13421 (link)
15. Vo, H. M., Zhu, C. D., & Diep, N. A. (2017). The effect of blended learning on student performance at course‑level in higher education: A meta‑analysis. Studies in Educational Evaluation, 53, 17–28. https://doi.org/10.1016/j.stueduc.2017.01.002 (link)
16. Wang, H., Tlili, A., Huang, R., Cai, Z., Li, M., & Cheng, Z., et al. (2023). Examining the applications of intelligent tutoring systems in real educational contexts: A systematic literature review from the social experiment perspective. Education and Information Technologies, 28, 9113–9148. https://doi.org/10.1007/s10639-022-11555-x (link)




