Efficacy of Center-Based Learning on Students’ Science Performance

Abstract. Traditional classroom settings generally favor direct, teacher-centered instruction, in which students are expected to absorb a fixed body of knowledge. This study aimed to evaluate the efficacy of the center-based learning approach (CBLA) in teaching science subjects and its impact on students' academic performance compared to the conventional teaching approach. Additionally, the study explored junior high school science teachers’ perceptions of CBLA’s effectiveness in enhancing students' learning capabilities, based on the Proven Effectiveness Framework (PEF). This study is quantitative in nature and employed a quasi-experimental research design to evaluate the efficacy of the center-based learning approach on students’ academic performance. A total of 60 Grade 10 students from two sections of Prosperidad National High School participated in the study during the school year 2024–2025. The assessment focused on the Grade 10 Science curriculum based on the Most Essential Learning Competencies (MELCs), specifically covering topics such as volcanoes, earthquakes, epicenters, and mountain ranges. A 50-item multiple-choice test was used as the main instrument to measure students’ learning outcomes. Findings revealed a significant difference in performance between the experimental and control groups. The experimental group, which was exposed to the center-based learning approach, achieved a mean score of 47.10 with a standard deviation of 4.87 and a p-value of 0.000, indicating a statistically significant improvement. The control group recorded a mean score of 30.05 in the posttest, with an overall mastery level of 60.23. The data also showed that science teachers’ perceptions aligned with the effectiveness of CBLA based on the established criteria. Overall, the center-based learning approach proved more effective than the conventional method in improving students’ academic performance in junior high school science, particularly among Grade 10 students.
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1. INTRODUCTION 

Scientific knowledge and technological innovations were growing exponentially, profoundly influencing various sectors, including education (Baring & Berame, 2022). Technology played a crucial role in shaping the future, particularly in science education, which held national importance due to its complexity and essential role in societal development (Saro et al., 2025). Science was taught from elementary through higher education levels and was fundamental for developing scientific literacy, a necessary skill for individuals to actively participate in modern society. This emphasis on science education was reflected in recent curriculum reforms aimed at equipping students with essential scientific understanding (Apat, 2022; Dagasaan, 2022).

Many Filipino students continued to struggle with science literacy. National Achievement Tests (NAT) revealed that students consistently found science challenging, performing below 50% in science and mathematics assessments (Bulbul, 2010; Saro et al., 2022). International assessments such as TIMSS also showed the Philippines ranking low compared to other countries, highlighting systemic issues in science education and the urgent need for innovative teaching methods to improve learning outcomes (Dela Cruz, 2012; National Academies of Sciences, Engineering, and Medicine, 2012; Mullis et al., 2019).

Moreover, the center-based learning approach (CBLA) was introduced as a student-centered instructional method that fostered active engagement and deeper understanding (Bulbul, 2010; Siregar et al., 2024). Unlike traditional teacher-centered methods which often involved passive reception of knowledge, CBLA encouraged students to participate actively in their learning through multiple learning centers, such as computer, art, reading, and manipulative centers (Bello et al., 2023). This approach aligned with constructivist theories, promoting problem-solving, critical thinking, and individualized learning styles, all of which were vital for developing scientific literacy (Stofflett, 2018). 

The effective teaching and learning required ongoing professional development for educators to keep pace with scientific advancements and best pedagogical practices. The CBLA relied heavily on well-trained teachers who could facilitate learning through interactive and diverse centers. This study aimed to evaluate the effectiveness of the CBLA in junior high school science education, specifically in improving student performance and understanding. Thus, by exploring this approach’s potential, the study hoped to support teachers in adopting strategies that enhanced learning experiences and outcomes for students.

1.1 Research Objectives

This study assessed the value and impact of the center-based learning approach on students’ academic performance in science, comparing it with the traditional teaching method. Additionally, it examined junior high school science teachers’ views on how effective the center-based learning approach was in enhancing students’ learning abilities, using the Proven Effectiveness Framework (PEF) as a guide.

2. MATERIALS AND METHODS

The study employed quantitative methods using a quasi-experimental research design to compare the academic performance of 60 Grade 10 students divided equally into two groups: 30 students in the experimental group exposed to the center-based learning approach (CBLA) and 30 students in the control group using the conventional learning approach. The objective was to evaluate the usefulness and effectiveness of each method. A 50-item knowledge assessment test, validated by three experts from the Division of Agusan del Sur specializing in research, science, and language, was administered as both pretest and posttest during the first grading period of the 2024–2025 Department of Education calendar year. The test showed excellent reliability with a Cronbach’s alpha of 0.90, confirming its consistency and dependability.
The assessment focused on Grade 10 science competencies outlined in the Most Essential Learning Competencies (MELCs), covering topics such as volcanoes, earthquakes, epicenters, and mountain ranges. The 50 multiple-choice items were carefully reviewed to ensure appropriateness for the students’ level. Prior to testing, permission was secured from the school principal, and the study procedures were explained thoroughly to all participants to obtain informed consent.
Additionally, the perceptions of 10 junior high school science teachers were gathered to evaluate the usefulness and effectiveness of the center-based learning approach using the Proven Effectiveness Framework (PEF). The researchers personally administered the tests and analyzed the academic performance differences between groups using ANCOVA. The study was conducted ethically, with proper citations and confidentiality maintained by deleting all collected data upon research completion.
3. RESULTS AND DISCUSSION
The study analyzed the effectiveness of the center-based learning approach (CBLA) on the academic performance of Grade 10 science students during the first grading period, focusing on the modified MELCs. Results from the pretest showed the control group (30 students) had a mean score of 8.27 (p = 0.000) with a low mastery level of 17.58%, while the experimental group (30 students) scored a higher mean of 10.12 (p = 0.000) with a mastery level of 22.49%. Although the experimental group performed better, overall mastery levels in both groups were low, indicating that students faced challenges in learning science under both the CBLA and conventional approaches.

Table 1. Pretest and Posttest Results of Students’ Science Performance Under Different Learning Approaches

	Construct
	n
	%
	Mean
Score 
	SD
	p-value
	Mastery Level
	Remarks

	Pretest 
Control Group
Experimental Group

	
30
30
	
27.56
33.73
	
8.27
10.12
	
1.27
1.02
	

0.000

	
17.58
22.49
	

Highly Significant

	Posttest 
Control Group
Experimental Group

	
30
30
	
50.08
78.50
	
30.05
47.10
	
4.25
4.87
	

0.000
	
60.23
81.22
	

Highly Significant

	OVERALL
	60
	100
	23.89
	2.85
	0.000
	45.38
	Highly Significant 




After the posttest assessment, the control group achieved a mean score of 30.05 (SD = 4.25) with a highly significant p-value of 0.000 and a mastery level of 60.23%. In contrast, the experimental group exposed to the center-based learning approach (CBLA) showed a much higher mean score of 47.10 (SD = 4.87) with the same level of significance (p = 0.000). These results indicate a substantial improvement in academic performance and comprehension for students using the CBLA. Saro et al. (2023) noted that low pretest scores reflect students’ initial unfamiliarity with the subject matter, likely due to limited prior exposure or forgotten content. This aligns with findings by Bello et al.,  (2023) and Siregar et al. (2024), who emphasized that students’ learning outcomes are influenced by the teaching methods and the relevance of learning materials, which are often enhanced in conventional approaches but significantly improved with more engaging, student-centered strategies like CBLA.

Table 2. Analysis of Covariance (ANCOVA) Results on Academic Performance
	Variations
	SS
	df
	Mean Square
	f-value
	p-value

	Pretest and Posttest (Covariate)
	11.258
	1
	111.285
	50.729**
	0.000

	Error 
	1877.523
	59
	37.112
	
	

	OVERALL
	1888.871
	60
	
	
	


Note: SS; Sum of Squares, df; Degree of Freedom; ***significant level ά = 0.000, TPS (60)
Table 2 presents the analysis of covariance results based on the assessment scores. The results revealed a highly significant difference between the pretest and posttest, with a p-value of 0.000. The sum of squares for the treatment effect was 11.258 with 1 degree of freedom, while the error sum of squares was 1877.523 with 59 degrees of freedom. These results indicate that the learning approaches had a statistically significant impact on students’ academic performance. Supporting this, Campbell (2011) and Helzi et al. (2024) emphasizes that teachers can effectively integrate both conventional and modern media to design lessons that address contemporary educational needs such as multiculturalism, diverse perspectives, respect for individual learners, and critical thinking. This approach encourages intellectual curiosity, creativity, social transformation, and peaceful coexistence. Teacher respondents in the study noted firsthand the positive and distinctive impact the center-based learning approach had on students’ engagement and learning outcomes. Moreover, students were motivated to explore the subject matter more deeply, as lessons at the processing level allowed them to pursue diverse learning pathways tailored to their interests and abilities (Bello et al., 2023). The students invested considerable effort to satisfy their curiosity and found the assignments both engaging and personally relevant (Apat, 2022). These findings imply that the center-based learning approach fosters student motivation, individualized learning, and deeper comprehension in science education.

[bookmark: _Hlk120741949]Table 3. Science Teachers’ Perceptions of the Center-Based Learning Approach Using PEF
	Parameters
	Computer Center
	Journal Writing Center
	Reading Center
	Manipulative Center

	Highly-Intellectual Tasks and Activities
	10.0
	9.0
	9.6
	9.3

	Supportive Learning Environment and Learner Diversity
	10.0
	9.6
	9.6
	9.3

	Connection To A Social Educational Context And Learning Experiences
	10.0
	9.6
	10.0
	10.0

	Mean Score
	10.0
	9.4
	9.7
	9.5

	Percentage (%)
	100
	94
	97
	95



Table 3 presents the perceptions of science teachers on the Center-Based Learning Approach (CBLA) using the Proven Effectiveness Framework (PEF). Results showed high mean scores across key parameters: computer center (10.0), reading center (9.7), manipulative center (9.5), and journal writing center (9.4). These findings indicate that teachers viewed each center as effectively aligned with the characteristics of quality pedagogy. CBLA supports diverse learning styles, fosters student engagement, and encourages independent thinking. As noted by Fang and Kim (2024), this approach creates a classroom environment that promotes collaboration, conversation, and critical reflection. Saro et al. (2022) further emphasized that different learning approaches helps students develop essential life skills such as time management, teamwork, and adaptability in a supportive learning setting.
Based on the summary in Table 4, the overall mean of the three parameters reflecting science teachers’ perceptions was 4.63 with a standard deviation of 0.92, indicating a descriptive equivalent of "strongly agree." This suggests that the respondents found the center-based learning approach (CBLA) highly effective and that the assessment items were relevant and valuable to the study. The CBLA was perceived to be more effective than the conventional method in enhancing student learning outcomes in junior high school science, particularly in Grade 10. 
Table 4. Summary of the Key Findings Using the Proven Effectiveness Framework (PEF)
	Parameters
	Weighted Mean
	SD
	Descriptive Equivalent
	Qualitative Interpretation

	Highly-Intellectual Tasks and Activities
	4.65
	0.96
	Strongly Agree
	Very High

	Supportive Learning Environment and Learner Diversity
	4.42

	0.92
	Strongly Agree
	Very High

	Connection To A Social Educational Context And Learning Experiences
	4.81
	0.87
	Strongly Agree
	Very High

	
OVERALL
	
4.63
	
0.92
	Strongly Agree
	Very High



Teachers agreed that CBLA supports effective teaching practices and promotes improved academic performance, confirming its value as an instructional strategy for science education. Science teachers perceived the Center-Based Learning Approach (CBLA) as a highly effective method for enhancing student engagement and academic performance in science, demonstrating its potential to surpass traditional approaches in fostering meaningful learning experiences (Saro et al., 2022; Bello et al., 2023; Helzi et al., 2024).
Conclusion

The findings of this study affirm that the Center-Based Learning Approach (CBLA) is a highly effective instructional method for enhancing student learning in science education. It provides varied opportunities for students to engage with content through multiple learning centers designed to their interests and abilities, which encourages deeper understanding and sustained curiosity. Science teachers strongly perceived CBLA as a superior alternative to conventional methods, noting its ability to foster active participation, independent thinking, and improved academic performance. Thus, the study emphasizes the importance of adopting innovative and learner-centered teaching strategies to meet the evolving demands of science education and to support both teaching and learning as interdependent, dynamic processes.

Recommendations

Based on the findings and conclusion of the study, the following recommendations are proposed to enhance teaching effectiveness and improve student academic performance through the integration of the Center-Based Learning Approach (CBLA) in science education.

1. Teachers should undergo training focused on the productive pedagogy reflection criteria developed by the researcher to guide their instructional planning and enhance their ability to select effective, student-centered teaching strategies. In addition, they should consistently utilize Concept-Based Learning Approach (CBLA) in their classroom practices to foster deeper understanding, promote independent learning, and support diverse learning styles among students.

2. Future researchers may apply the Center-Based Learning Approach in other subjects and grade levels to see if it is also effective. They can also conduct longer studies to check the impact over time. They may gather more feedback from students and teachers to understand their experiences with the approach.
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