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Abstract 

As the landscape of education continues to evolve, it is crucial for educators to stay abreast of 

the innovative strategies and approaches in order to effectively prepare students for the 

complexities of the 21st century. This comprehensive review underscores the significance of 

embracing diverse and dynamic teaching methodologies to cultivate a deep and enduring 

passion for biology among school students. In order to address diverse learning styles and 

abilities, personalized learning strategies, differentiated instruction, and the incorporation of 

multimedia resources have been increasingly utilized to cater to individual student needs and 

promote inclusive in biology education. Furthermore, the implementation of formative 

assessments and feedback mechanisms has allowed for ongoing evaluation and adaptation of 

teaching methods to optimize student learning outcomes. Additionally, the integration of 

interdisciplinary studies, such as combining biology with technology, ethics, and 

environmental science, has provided students with a broader and more holistic perspective on 

biology and its relevance in the real world. By embracing innovative teaching strategy  and 

staying attuned to the evolving needs of students, educators can cultivate a vibrant and 

engaging learning environment that empowers students to become informed and enthusiastic 

participants in the ever-expanding field of biology. 
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 Introduction 

The field of education is currently undergoing a significant transformation fuelled by 

technological advancements, evolving pedagogical philosophies, and a heightened awareness 

of diverse learning needs. Within science education, particularly in the teaching of biology, 
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there is a growing demand for innovative and effective instructional strategies (Subramaniam, 

2014). This review explores the dynamic landscape of "Innovations in Teaching Biology," 

providing a detailed examination of strategies tailored for school students. From traditional 

classroom methods to the incorporation of digital technologies and experiential learning, the 

review aims to identify and analyse diverse tools available to educators. The focus is on making 

biology education engaging, relevant, and impactful, aligning with the goal of inspiring 

curiosity, fostering critical thinking, and preparing students for the challenges of the 21st 

century. Emphasizing the changing educational landscape, the review highlights the 

importance of adaptable teaching methodologies that cater to the unique strengths and 

challenges of students. It delves into pedagogical frameworks prioritizing active learning, 

collaborative exploration, and real-world applications to cultivate a deep and lasting 

understanding of biological concepts. Inclusivity is a key theme, exploring how educators can 

address diversities through inclusive teaching strategies, ensuring equal opportunities for every 

student to excel in the study of biology (Renaum 2023). 

 

Literature Review 

Traditional Teaching Methods 

Traditional Teaching Methods in Biology for School Students:  

1) Lecture-Based Instruction: Lecture-based instruction is a traditional teaching method 

where an instructor imparts information to students through spoken words, typically in a 

classroom setting. The approach is instructor entered, with the teacher serving as the 

primary source of knowledge in a one-way communication process. Visual aids like slides 

and diagrams may be used to enhance understanding, and this method is efficient for 

covering substantial content within a short timeframe, making it suitable for large 

audiences (Brigati 2018). However, it often leads to passive learning, as students listen and 

take notes, with limited interaction and challenges in maintaining engagement. Despite 

these limitations, instructors may incorporate supplemental activities, such as discussions 

or follow-up assignments, to reinforce concepts. Note-taking is emphasized, serving as a 

reference for future study. While lecture-based instruction is traditional, modern teaching 

methods often integrate various strategies to accommodate diverse learning styles. 

2) Textbook Learning: Textbook learning is a traditional educational method involving the 

use of printed or digital textbooks as the primary instructional resource. Whether in 

physical or digital format, textbooks present structured content, often aligned with a 

curriculum, covering specific topics with examples to support understanding. Students 

typically engage in independent study, reading and comprehending information on their 

own, using textbooks as long-term reference materials (Pop-Pacurar 2010). While 

textbook learning allows for self-pacing, it can be more passive, with limited interactivity 

compared to other methods. Instructors may supplement textbooks with additional 

resources, and assessments often draw heavily from the material presented. Despite its 

contribution to standardization in education, some students may find textbook learning less 
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engaging, especially if the material is dense or doesn't align with their preferred learning 

styles. 

3) Laboratory Sessions: Laboratory sessions in biology represent a vital and traditional 

component of science education, providing students with hands-on experiences to 

reinforce theoretical knowledge. These sessions involve experimental design, where 

students conduct experiments, make observations, and draw conclusions, fostering an 

understanding of the scientific method. Equipped with specialized tools and materials, 

students learn essential laboratory techniques and safety protocols. Collaboration is 

encouraged, promoting teamwork and communication skills. Data analysis, problem-

solving, and real-world applications are integral aspects of laboratory work, enhancing 

critical thinking and adaptability. Microscopic exploration allows visualization of 

biological structures, deepening understanding at cellular and molecular levels. Laboratory 

sessions contribute to the development of practical skills, reinforcing theoretical concepts 

learned in lectures or textbooks (Holstermann 2010). Moreover, they prepare students for 

research careers by offering valuable experience in experimental design, data collection, 

and scientific methodology, making laboratory work an essential and multifaceted 

component of biology education 

4) Demonstrations: Traditional demonstration methods in biology utilize various techniques 

and tools to illustrate biological concepts, structures, and processes in educational settings 

(Yager et al. 1969). Microscope demonstrations, including both light and electron 

microscopes, provide visual insights into cells and subcellular structures. Dissections of 

animal and plant specimens offer hands-on exploration of internal structures, enhancing 

anatomical understanding. Model building, employing molecular and anatomical models, 

aids in visualizing three-dimensional structures. Live demonstrations with live organisms 

or physiological processes bring biological concepts to life for students (Akar 2011). 

Illustrative charts, diagrams, graphs, and tables serve as visual aids to explain complex 

biological concepts and experimental results. Field trips to natural habitats provide real-

world examples of biodiversity, while interactive multimedia, such as digital simulations 

and virtual labs, offer dynamic and engaging learning experiences in the digital realm. 

These traditional demonstration methods collectively contribute to a comprehensive 

understanding of biology by combining visual, hands on, and digital elements in the 

educational process. 

5) Question-Answer Sessions: Traditional question-and-answer (Q&A) methods remain 

integral to the educational process, involving teachers posing questions to students who 

respond with answers. The types of questions vary, encompassing closed-ended questions 

for assessing factual knowledge and open-ended questions that encourage critical thinking 

(Martin-omole 2016). Active student engagement is encouraged through random calls or 

voluntary participation in a supportive environment. Q&A sessions serve for review, 

reinforcement, and assessment of previously taught material, allowing teachers to identify 

areas of confusion or misconceptions. Adequate wait time after asking a question is crucial 

to allow students to formulate responses and avoid stifling their thinking. Fostering a 

positive classroom atmosphere encourages student questions, stimulates discussions, and 

facilitates peer interactions. Constructive feedback on students' answers, including 

acknowledgment of correctness, gentle correction of errors, or follow-up questions, 
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contributes to a comprehensive and effective Q&A learning approach (Syafii & Yasin 

2013). 

6) Assignments and Homework: 

Traditional assignment and homework methods have been fundamental elements of the 

education system, serving to reinforce learning, offer practice, and assess students' 

comprehension of the material. Homework assignments are designed to solidify concepts 

learned in class and foster independent learning, encompassing various forms such as 

reading tasks, problem-solving exercises, research projects, or practice problems (Ghafoor 

et al. 2022). To accommodate diverse learning styles and abilities, a variety of assignments 

that encourage creativity, critical thinking, and knowledge application are recommended. 

Clear instructions, including objectives, format expectations, and resource specifications, 

facilitate successful completion. Timely and constructive feedback on assignments aids 

students in understanding strengths and areas for improvement, with transparent grading 

criteria. Aligning assignments with classroom topics reinforces and extends learning, 

bridging theoretical knowledge with practical application (Lu et al. 2010). Establishing a 

consistent schedule for assigning and collecting homework helps students manage their 

time effectively, ensuring a reasonable workload. Ultimately, homework assignments 

function as tools for providing additional practice, reinforcing key concepts, and 

promoting skill development introduced in class 

 

Research Method 

The research method used by the researcher is the qualitative research method, often 

referred to as the naturalistic research method because it is conducted in natural conditions 

(natural setting), also known as ethnographic method, as initially this method was more 

commonly used for research in the field of cultural anthropology; referred to as qualitative 

method because the data collected and analyzed are more qualitative in nature. Qualitative 

research is aimed at understanding social phenomena from the participant's perspective, where 

individuals, who are interviewed, observed, asked to provide data, opinions, thoughts, and 

perceptions. 

 

Results and Discussion 

Considerations  

Strengths of traditional methods include efficiency in content delivery, a structured 

approach, and reinforcement of theoretical concepts. Traditional methods lay a foundation for 

self-discipline and independent learning (Nurutdinova et al. 2016). The combination of lecture-

based instruction and textbooks allows for a comprehensive coverage of the curriculum. 

Laboratory sessions and demonstrations bridge the gap between theory and real-world 

applications. Teacher-guided discussions and question-answer sessions promote critical 
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thinking and student engagement. Assessments through examinations provide a formal 

measure of students' understanding. 

Challenges 

Limited scope for active student participation in traditional methods.May not cater to 

diverse learning styles. Some students may find traditional methods less engaging. The need 

for adaptation to incorporate technological advancements for a more dynamic learning 

experience. While traditional teaching methods have proven effective over time, there is an 

ongoing shift toward incorporating more interactive and innovative strategies to enhance 

student engagement and address the diverse needs of learners (Mohan 2015). 

Innovative Teaching Strategies 

There are innovative teaching model aims to cultivate a deep understanding of biological 

concepts, critical thinking skills, and a lifelong passion for the subject. 

1) Interactive Virtual Labs: Utilize virtual reality (VR) and augmented reality (AR) 

technologies to create immersive biology labs. Students can explore cellular structures, 

conduct virtual dissections, and simulate experiments in a safe and engaging environment 

(Kazeni 2012). Virtual labs offer the flexibility of repeated experiments, ensuring students 

grasp concepts thoroughly, and can be accessible to students with diverse learning styles. 

2) Gamified Learning Modules: Develop biology-themed educational games to make 

learning fun and interactive. Games can cover topics like genetics, ecology, and anatomy, 

turning complex concepts into enjoyable challenges (Porozovs et al. 2015). Gamification 

fosters a sense of competition, collaboration, and achievement, enhancing students' 

motivation to learn and retain information.  

3) Integration of Citizen Science: Collaborate with citizen science programs, allowing 

students to participate in real scientific research projects. This hands-on experience 

connects classroom learning to the broader scientific community. Students can contribute 

to data collection, analyze results, and understand the practical applications of biology in 

fields like conservation and medicine.  

4) Flipped Classroom Model: Implement a flipped classroom approach, where students 

review lecture materials at home and engage in collaborative, problem-solving activities 

during class (Vo et al. 2018). This model encourages active participation and discussion. 

Teachers become facilitators, guiding students through deeper exploration of biological 

concepts and fostering critical thinking skills.  

5) Project-Based Learning (PBL): Integrate project-based learning experiences that align 

with real-world challenges. Students can work on research projects, design experiments, 

and present their findings (Kareem 2018). PBL encourages teamwork, creativity, and 

problem-solving, preparing students for future careers in biology-related fields. 

6) Digital Storytelling: Incorporate digital storytelling techniques to help students create 

narratives around biological concepts.  Students can use multimedia elements such as 

videos, animations, and graphics to illustrate complex biological processes and share their 
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understanding with peers (Pribićević et al. 2017) . This approach enhances their ability to 

communicate scientific ideas effectively. 

7) Personalized Learning Paths: Utilize adaptive learning technologies to tailor lessons to 

individual students' needs and pace of learning. This ensures that each student receives 

personalized attention and support. Adaptive learning platforms can provide instant 

feedback, allowing students to track their progress and address specific areas of difficulty. 

Addressing Diverse Learning Styles:  

Adapting to diverse learning styles is essential in a biology classroom to ensure that all students 

can engage with the material effectively. Here are strategies to address diverse learning styles 

in teaching biology:  

1) Visual Learners: Use diagrams, charts, and info graphics to visually represent biological 

concepts. Incorporate videos and animations to illustrate complex processes such as cell 

division, photosynthesis, and genetics. Encourage students to create concept maps or mind 

maps to visualize relationships between different biological concepts.  

2) Auditory Learners: Utilize podcasts, recorded lectures, or audio resources to present 

information. Encourage discussions and debates in the classroom to promote verbal 

understanding. Integrate educational songs or mnemonic devices to help students 

remember key biological terms and processes. 

3) Kinesthetic Learners: Incorporate hands-on activities, experiments, and interactive labs 

to engage students physically. Use models and manipulative to represent biological 

structures, such as 3D models of cells or organs (Armbruster et al. 2009). Arrange field 

trips or outdoor activities to connect biology to the real world and provide a tangible, 

experiential learning experience.  

4) Reading/Writing Learners: Provide written materials like textbooks, articles, and study 

guides for those who prefer reading. Encourage note-taking and reflective writing to 

reinforce understanding. Assign research projects, essays, or scientific reports to allow 

students to delve deeper into specific topics.  

5) Social Learners: Foster a collaborative learning environment with group activities, 

discussions, and peer teaching. Implement cooperative learning projects or group research 

assignments. Use social media platforms or online forums for discussions and sharing 

resources related to biology. 

6) Logical/Mathematical Learners: Integrate logical reasoning and problem-solving 

activities into the curriculum. Use data analysis and statistical tools for interpreting 

biological data. Incorporate mathematical models to explore biological concepts, especially 

in genetics and population biology.  

7) Incorporate Multiple Modalities: Employ a multimodal approach, combining visual aids, 

spoken explanations, and hands-on activities in a single lesson. Allow students to choose 
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from various learning resources, such as reading assignments, videos, or interactive 

simulations. Offer flexibility in assessment methods, allowing students to demonstrate their 

understanding through a variety of formats.  

8) Differentiated Instruction: Recognize and accommodate individual learning preferences 

by providing alternative learning materials. Offer additional resources or alternative 

assignments for students who may need extra support or challenge. Provide options for 

students to demonstrate their understanding through projects, presentations, or written 

assessments.  

By incorporating these strategies, educators can create a biology classroom that accommodates 

diverse learning styles, ensuring that each student has the opportunity to thrive and succeed in 

their understanding of biological concepts 

Inclusive teaching practices: 

Inclusive teaching practices in biology aim to create an educational environment that welcomes 

and supports the diverse backgrounds, abilities, and learning styles of all students (Kalaian & 

Kasim 2017). Here are some inclusive teaching strategies for biology:  

1) Culturally Relevant Content: Incorporate examples, case studies, and research that reflect 

the diversity of cultures and backgrounds. Discuss the contributions of scientists from 

various ethnicities, genders, and backgrounds to showcase the inclusivity of the scientific 

community. 

2) Accessible Materials: Ensure that learning materials, including textbooks, articles, and 

online resources, are accessible to students with different learning needs. Provide 

alternative formats, such as audio versions or transcripts, for visual content.  

3) Diverse Teaching Methods: Use a variety of teaching methods to cater to different learning 

styles. This may include lectures, discussions, hands-on activities, and group projects. 

Allow flexibility in assessment methods to accommodate diverse talents and abilities. 

4) Inclusive Language: Use inclusive language that respects and acknowledges diverse 

identities and experiences. Be aware of potential biases in language and strive to create an 

environment where all students feel valued and respected.  

5) Universal Design for Learning (UDL): Implement UDL principles by providing multiple 

means of representation, engagement, and expression. Offer a range of resources and tools 

that cater to various learning preferences and abilities. 

6) Accommodations and Accessibility: Work with the school's accessibility services to 

provide necessary accommodations for students with disabilities. Ensure that labs, 

experiments, and activities are designed to be accessible to all students, regardless of 

physical abilities.  

7) Collaborative Learning: Foster a collaborative and inclusive classroom environment 

where students learn from each other. Encourage group work and pairings that mix students 

with different backgrounds and abilities.  
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8) Regular Feedback and Communication: Provide regular feedback to students on their 

progress, highlighting strengths and areas for improvement. Maintain open communication 

with students, allowing them to express concerns or provide input on the learning 

environment.  

9) Representation in Curriculum: Ensure that the curriculum includes a diverse range of 

biological examples, case studies, and research that represent various perspectives. 

Highlight the relevance of biology to different cultures and communities.  

10) Cultivate a Safe and Inclusive Space: Establish ground rules that promote respect and 

inclusion within the classroom. Address any incidents of discrimination or bias promptly 

and ensure that the learning environment is a safe space for everyone. 

11) Professional Development: Provide ongoing professional development for educators to 

enhance their understanding of inclusive teaching practices. Foster a culture of continuous 

learning and adaptation to meet the evolving needs of diverse student populations. 

By incorporating these inclusive teaching practices, educators can create a biology classroom 

that values and supports the diversity of all students, fostering an environment where everyone 

feels included and capable of success. 

Assessment and Feedback: 

Affective assessment and feedback are vital components in promoting student learning and 

development in biology education. Strategies for assessment and feedback in schools include: 

1) Formative Assessment: Utilize techniques like quizzes, concept mapping, and quick polls 

to gauge student understanding during the learning process and adjust teaching accordingly. 

2) Peer Assessment: Integrate peer assessment into group projects, providing clear evaluation 

criteria and guidance for constructive feedback. 

3) Self-Assessment: Encourage students to self-assess their understanding using rubrics or 

checklists to set goals for improvement. 

4) Authentic Assessments: Design assessments that mirror real-world applications of biology 

concepts, fostering critical thinking and practical skills. 

5) Rubrics for Clarity: Develop clear rubrics outlining assessment criteria and share them 

with students in advance to provide transparency and focused feedback. 

6) Variety of Assessment Methods: Employ diverse assessment formats, catering to different 

learning styles and allowing students to showcase their understanding. 

7) Technology-Enhanced Assessment: Leverage technology for online quizzes, simulations, 

and virtual labs to provide immediate feedback and enhance learning experiences. 

8) Individualized Feedback: Offer personalized feedback acknowledging each student's 

strengths and areas for improvement, providing specific guidance for enhancement. 
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9) Assessment for Learning (AfL): Use assessments to inform teaching strategies and 

address misconceptions, promoting student progress and understanding. 

10) Continuous Monitoring: Monitor student progress continuously, identifying struggling 

st:udents early and providing targeted support. 

11) Inclusive Assessment Practices: Consider diverse learning needs and provide 

accommodations, ensuring assessments are free from bias and accessible to all students. 

12) Encourage Student Reflection: Integrate reflection into assessments, allowing students to 

critically think about their learning journey and how their understanding has evolved. 

13) Parent and Guardian Communication: Keep parents informed about student progress 

through regular updates and conferences, offering suggestions for supporting biology 

learning at home. 

By incorporating these strategies, educators can create a robust assessment and feedback 

system that fosters student engagement, understanding, and growth in biology education. 

Professional Development for Biology Educators:  

Continuous professional development is vital for biology educators to stay abreast of the latest 

research, teaching methodologies, and educational technologies. Key areas and strategies for 

professional development include: 

1) Stay Informed About Advances in Biology: 

Attend conferences, workshops, and seminars to stay updated on the latest developments 

in biology. Join professional organizations related to biology education for access to 

resources, journals, and networking. 

2) Online Courses and Webinars: 

Enroll in online courses or webinars covering relevant topics in biology and education on 

platforms like Coursera, edX, and Khan Academy. 

3) Collaborate with Peers: 

Participate in professional learning communities with fellow biology educators to 

collaborate on lesson plans, share resources, and discuss effective teaching strategies. 

4) Subject-Specific Workshops: 

Attend workshops focused on biology education, covering curriculum developments, 

teaching methods, and lab techniques. 

5) STEM Education Conferences: 

Explore conferences dedicated to STEM education for insights into interdisciplinary 

approaches and technology integration. 

6) Incorporate Educational Technology: 

Learn and incorporate relevant educational technology tools such as virtual labs and 

interactive simulations. 

7) Pedagogical Training: 

Participate in workshops on effective teaching strategies tailored to biology education, 

exploring methods like project-based learning and flipped classrooms. 

8) Access Professional Journals: 
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Subscribe to professional journals in biology education to stay informed about current 

research, teaching practices, and pedagogical discussions. 

9) Participate in Research: 

Engage in educational research projects or collaborate with researchers in biology 

education to contribute to personal and professional development. 

10)  National and State Standards: 

Stay updated on national and state standards for biology education, aligning teaching 

practices with benchmarks. 

11) Mentorship Programs: 

Seek mentorship from experienced biology educators or become a mentor, benefiting from 

valuable insights and support. 

12) Reflective Practice: 

Cultivate a habit of reflective practice, regularly assessing teaching methods and seeking 

feedback to enhance effectiveness. 

13) Professional Development Grants: 

Explore opportunities for professional development grants or scholarships to attend 

conferences or pursue advanced education in biology or education. 

14) Cultivate Interdisciplinary Connections: 

Foster connections with educators in other STEM disciplines, promoting interdisciplinary 

collaboration and integrating biology concepts with other sciences and technology 

(Županec et al. 2018).Continuous professional development ensures that biology educators 

deliver high-quality, engaging instruction that prepares students for the dynamic field of 

biology. 

Challenges and Future Directions:  

Teaching biology comes with its set of challenges, and as the educational landscape evolves, 

there are future directions that educators need to consider. Here are some challenges and 

potential future directions in teaching biology: 

1) Keeping Pace with Advances: Challenge: The field of biology is rapidly advancing with 

new discoveries and technologies. Keeping curriculum content current can be a challenge 

for educators. Future Direction: Encourage ongoing professional development and 

collaboration with researchers to stay abreast of the latest developments. 

2) Integration of Technology: Challenge: While technology can enhance biology education, 

not all schools have the resources or infrastructure to integrate it effectively. Future 

Direction: Advocate for increased access to technology and explore cost-effective ways to 

incorporate digital tools into biology classrooms.  

3) Diverse Learning Styles and Abilities: Challenge: Catering to the diverse learning styles 

and abilities within a single classroom can be challenging. Future Direction: Implement 

universal design for learning (UDL) principles, providing multiple pathways for students 

to access and engage with biology content. 



Journal of Education Method and Learning Strategy 

904 

4) Engagement and Relevance: Challenge: Maintaining student engagement and 

demonstrating the real-world relevance of biology concepts can be difficult. Future 

Direction: Incorporate more hands-on activities, real-world applications, and connections 

to current issues to make biology more engaging and applicable. 

5) Assessment and Feedback: Challenge: Developing fair and effective assessments, as well 

as providing timely and meaningful feedback, can be time-consuming. Future Direction: 

Explore innovative assessment methods, such as project-based assessments, and leverage 

technology for more efficient feedback processes.  

6) Inclusive Education: Challenge: Ensuring inclusivity for students of diverse 

backgrounds, abilities, and learning needs is an ongoing challenge.  

Future Direction: Promote inclusive teaching practices, provide professional development 

on diversity and inclusion, and advocate for resources to support diverse learners (Odadžić 

et al. 2017).  

7) Global Perspective: Challenge: Biology education can sometimes lack a global 

perspective, especially in regions where the curriculum is region-specific. Future 

Direction: Integrate global issues and perspectives into biology curriculum, emphasizing 

the interconnectedness of biological systems on a global scale. 

 

Conclusion 

As we navigate the challenges and future directions in biology education, it becomes 

evident that the innovative teaching practices highlighted in this review provide a robust 

foundation for adapting to an ever-changing educational landscape. By staying informed, 

fostering collaboration, and continually evolving pedagogical strategies, educators can inspire 

a lifelong love for biology, preparing students to contribute meaningfully to the scientific 

community and address the complex challenges of the future. The journey towards innovation 

in teaching biology is an exciting one, promising a brighter and more inclusive future for 

students as they explore the wonders of life. 

 

References 

Akar, E. Ö. (2011). Influence of Teacher Perceptions of Students on Teaching High School 

Biology. Eurasian Journal of Educational Research (EJER), (44). 

Armbruster, P., Patel, M., Johnson, E., & Weiss, M. (2009). Active learning and student-

centered pedagogy improve student attitudes and performance in introductory 

biology. CBE—Life Sciences Education, 8(3), 203-213. 

Brigati, J. (2018). Student attitudes toward active learning vs. lecture in cell biology 

instruction. The American Biology Teacher, 80(8), 584-591. 



Evaluating the Effectiveness of Innovative Learning Approaches in Teaching Biology to 

Secondary School Students: A Comparative Study of Traditional and Interactive 

Pedagogical Methods 

 

905 

Gambari, A. I., Yaki, A. A., Gana, E. S., & Ughovwa, Q. E. (2014). Improving Secondary 

School Students’ Achievement and Retention in Biology Through Video-Based 

Multimedia Instruction. 

Ghafoor, H., Tabassum, R., & Shaheen, G. (2022). A Comparative Study to Find Effectiveness 

of Teaching Biology Through Low-Cost material as Teaching Aid and Traditional 

Method of Teaching at Secondary Level. International Research Journal of Management 

and Social Sciences, 3(1), 149-159. 

Holstermann, N., Grube, D., & Bögeholz, S. (2010). Hands-on activities and their influence on 

students’ interest. Research in science education, 40, 743-757. 

Kalaian, S. A., & Kasim, R. M. (2017). Effectiveness of various innovative learning methods 

in health science classrooms: a meta-analysis. Advances in Health Sciences 

Education, 22, 1151-1167. 

Kareem, A. A. (2018). The use of multimedia in teaching biology and its impact on students’ 

learning outcomes. The Eurasia Proceedings of Educational and Social Sciences, 9, 157-

165. 

Kazeni, M. M. M. (2012). Comparative effectiveness of context-based and traditional teaching 

approaches in enhancing learner performance in life sciences (Doctoral dissertation, 

University of Pretoria). 

Lu, Tan-Ni, Bronwen Cowie, and Alister Jones. "Senior high school student biology learning 

in interactive teaching." Research in Science Education 40 (2010): 267-289. 

Martins-Omole, M. I., Yusuf, H. O., & Guga, A. (2016). Effects of concept mapping and 

experimental techniques in teaching biology in secondary schools in Federal Capital 

Territory Abuja, Nigeria. European Journal of Education Studies. 

Mohan, S. (2015). Traditional vs. experiential: A comparative study of instructional 

methodologies on student achievement in New York City public schools. Sage Graduate 

School. 

Nurutdinova, A. R., Perchatkina, V. G., Zinatullina, L. M., Zubkova, G. I., & Galeeva, F. T. 

(2016). Innovative teaching practice: traditional and alternative methods (challenges and 

implications). International journal of environmental and science education, 11(10), 

3807-3819. 

Odadžić, V., Miljanović, T., Mandić, D., Pribićević, T., & Županec, V. (2017). Effectiveness of 

the Use of Educational Software in Teaching Biology. Croatian Journal 

Educational/Hrvatski Casopis za Odgoj I Obrazovanje, 19(1). 

Pop-Pacurar, I., & Ciascai, L. (2010). Biology School Textbooks and Their Role for Students' 

Success in Learning Sciences. Acta Didactica Napocensia, 3(1), 1-10. 

Porozovs, J., Liepniece, L., & Voita, D. (2015). Evaluation of the teaching methods used in 

secondary school biology lessons. Signum Temporis, 7(1), 60. 

Pribićević, T., Miljanović, T., Odadžić, V., Mandić, D., & Županec, V. (2017). The efficiency 

of interactive computer-assisted biology teaching in grammar schools. Croatian Journal 

of Education: Hrvatski časopis za odgoj i obrazovanje, 19(3), 803-839. 



Journal of Education Method and Learning Strategy 

906 

Renau, M. L. R. (2023). Exploring Methodological Approaches in Secondary Education in 

Castellón, Spain: A Comparative Analysis of Traditional, Blended, and Innovative 

Teaching. Futurity Education, 3(4), 232-254. 

Subramaniam, Karthigeyan. "Student teachers’ conceptions of teaching biology." Journal of 

Biological Education 48, no. 2 (2014): 91-97. 

Syafii, W., & Yasin, R. M. (2013). Problem solving skills and learning achievements through 

problem-based module in teaching and learning biology in high school. Asian Social 

Science, 9(12), 220. 

Vo, H. M., Zhu, C., & 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. 

Yager, R. E., Engen, H. B., & Snider, B. C. (1969). Effects of the laboratory and demonstration 

methods upon the outcomes of instruction in secondary biology. Journal of Research in 

Science Teaching, 6(1), 76-86. 

Županec, V. S., Radulović, B. N., Pribićević, T. Z., Miljanović, T. G., & Zdravković, V. G. 

(2018). Determination of educational efficiency and students’ involvement in the flipped 

biology classroom in primary school. Journal of Baltic Science Education, 17(1), 162. 


