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Reimagining Classroom-Based Instruction: Students’ Physics Performance using PHET Simulation


ABSTRACT
	Secondary physics education is frequently characterized by low student engagement and unsatisfactory academic performance, primarily due to the abstract nature of physical concepts and the cognitive load associated with mathematical requirements. While technology-enhanced instruction has gained global traction, there remains a critical dearth of empirical evidence regarding the efficacy of interactive simulations within resource-constrained secondary school contexts in the Philippines. This study investigated the effectiveness of Physics Education Technology (PhET) simulations in enhancing the conceptual understanding of Grade 9 students. The research specifically evaluated performance across core competencies: Changes in the Form of Mechanical Energy, Conservation of Energy, and Heat, Work, and Efficiency. Adopting a one-group pre-test–post-test pre-experimental design, the study involved a total enumeration of Grade 9 students (N = 39) at a laboratory high school in Camarines Sur. The intervention spanned five weeks, integrating structured PhET-based interactive lessons into the curriculum. Data were collected via a validated, researcher-constructed instrument and analyzed using descriptive statistics, paired-sample t-tests, and Cohen’s d to determine effect size. Baseline data revealed a systemic lack of proficiency, with an overall pre-test mean of 72.59 (SD = 3.95) and a 100% failure rate in energy transformation concepts. Post-intervention results demonstrated significant academic gains, with the overall mean increasing to 80.49 (SD = 7.91). Paired t-test results indicated statistically significant improvements across all competencies (p < .001). Notably, large effect sizes were observed, ranging from d = 0.803 to d = 1.238, with the highest gain recorded in the Heat, Work, and Efficiency domain (d = 1.188). The findings provide robust evidence that PhET simulations serve as a transformative instructional tool, bridging the gap between abstract theory and conceptual mastery through interactive visualization. This study suggests that the strategic integration of simulations can mitigate the limitations of traditional lecture-based methods, offering a scalable solution for science educators to improve learning outcomes in challenging instructional environments.
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1. INTRODUCTION 

Physics is generally acknowledged to be one of the most challenging subjects among secondary school subjects because of its abstract concepts and mathematical requirements. Many high school students find difficulty in comprehending these concepts and, consequently, cannot apply physics principles to real-life situations. The absence of practical, hands-on learning experiences has been a significant factor in students’ disinterest and poor performance in the subject. Numerous studies have confirmed that students’ performance in physics remains persistently unsatisfactory, and that negative attitudes towards the subject substantially affect learning outcomes (Ouahi, 2025, Magati et al., 2024).
International assessments further underscore these challenges. The 2022 Programme for International Student Assessment (PISA) results highlighted persistent science performance gaps across students from different socioeconomic backgrounds, genders, and school contexts. Students from low-income families consistently ranked at the lower performance levels, reflecting how poverty and inequality affect educational outcomes. Gender differences were also observed: girls tended to perform better in reading, while boys showed advantages in science and mathematics. Factors such as school safety, student attitudes, and disruptive behaviors were also identified as influencing academic achievement, emphasizing the broader social determinants of learning.
At the classroom level, several factors contribute to students’ struggles with physics. Baran (2016) found that high school students’ perception of physics as a difficult subject is not independent of gender, with females reporting the discipline to be more challenging than their male peers. Viberg (2023) identified teachers’ use of traditional methods, lack of new media integration, and inability to simplify mathematical concepts as key barriers. Zhang and Jenkinson (2024) similarly noted that visual lesson plans, historical biographies of scientists, and the use of simple laboratory tools can help mitigate students’ lack of interest in physics and additionally pointed to nutritional factors and the lack of standardized assessments as further contributing to disengagement.
To address these persistent challenges, researchers and educators have increasingly explored technology-enhanced instruction as a viable alternative to traditional lecture-based approaches. Changing old-style lectures through the use of television and interactive PowerPoint presentations has been shown to increase students’ interest, conceptual understanding, and academic grades (Nablo et al., 2025; Marasigan et al., 2026). A combination of practical applications, group work, and interactive simulations promotes deeper knowledge acquisition and helps students solidify their understanding of physics principles. In particular, virtual experiments allow students to manipulate variables and observe outcomes instantly, making abstract topics more accessible and comprehensible (Mahendra & Killis, 2025).
Among the most widely studied technology-based tools in physics education are Physics Education Technology (PhET) simulations, developed by the University of Colorado Boulder. Research has consistently demonstrated the positive impact of PhET on student learning outcomes. Banda and Nzabahimana (2023) found that PhET simulation-based learning significantly improved motivation and academic achievement among Malawian physics students. Putranta et al. (2019) demonstrated that PhET simulations, when combined with student-centered approaches, significantly improved critical thinking and conceptual understanding among junior high school students. Similarly, Diab et al. (2024) reported that students taught with PhET simulations achieved higher retention and performance scores compared to those taught through traditional methods. Despite this growing body of evidence, relatively few studies have examined the effectiveness of PhET simulations in Philippine secondary school settings, where resource constraints and diverse learner need present unique challenges.
While numerous studies have established the effectiveness of PhET simulations in enhancing students’ conceptual understanding, the present study distinguishes itself by situating the intervention within a resource-constrained Philippine secondary school context and focusing on specific Grade 9 physics competencies aligned with the national curriculum. Unlike prior research that often examines generalized outcomes, this study provides a more targeted analysis of students’ learning gains across selected topics, namely mechanical energy, conservation of energy, and heat-related concepts. Furthermore, it offers empirical evidence on how structured integration of PhET simulations can be implemented in real classroom settings, thereby contributing practical insights for teachers seeking context-responsive and accessible instructional innovations.
This study aimed to investigate the effectiveness of the interactive learning intervention in improving Grade 9 students’ physics understanding through the use of PhET simulations, covering concepts such as Changes in the Form of Mechanical Energy, Conservation of Energy, and Heat, Work, and Efficiency. Specifically, it sought to: (1) determine the performance level of Grade 9 students in Physics before the intervention; (2) determine their performance level after the PhET simulation-based intervention; and (3) evaluate whether a statistically significant difference exists between the two performance levels. It was hypothesized that students who undergo the PhET simulation-based intervention will demonstrate a significantly higher level of physics performance in the post-test compared to the pre-test.  
This study is subject to several limitations that should be considered when interpreting the findings. First, the use of a one-group pre-experimental design, without a control group, limits the ability to attribute observed improvements solely to the PhET simulation-based intervention, as other factors (e.g., maturation, test familiarity) may have contributed to the gains. Second, the study was conducted with a relatively small sample of 39 Grade 9 students from a single laboratory high school, which limits the generalizability of the findings to broader populations. Third, the intervention was implemented over five weeks; longer exposure may yield different outcomes. Future research should employ randomized controlled designs with larger and more diverse samples, explore the sustained effects of PhET simulation-based instruction over longer periods, and investigate its effectiveness across different grade levels and subject areas
2. material and methods 

Research Design
This study utilized a one-group pre-test–post-test pre-experimental design to determine the effect of PhET simulation-based instruction on Grade 9 students’ physics performance. A pre-experimental design was appropriate for this study because it involved a single group without a control or comparison group. The design involved administering a pre-test to establish students’ baseline understanding, implementing the intervention over five weeks using PhET simulations, and then conducting a post-test to measure changes in student understanding.
Locale and Participants
The study was conducted at the Central Bicol State University of Agriculture (CBSUA) Laboratory High School in Sipocot, Camarines Sur, Philippines. The participants consisted of all Grade 9 students enrolled in the Laboratory High School during the study period (N = 39). Total enumeration was employed as the sampling strategy, encompassing all members of the accessible population to ensure comprehensive and representative data collection.
Research Instrument
Data were gathered through a researcher-constructed pre-test and post-test covering three physics competencies: (1) Changes in the Form of Mechanical Energy, (2) Conservation of Energy, and (3) Heat, Work, and Efficiency. The instrument consisted of multiple-choice items designed to assess students’ conceptual understanding of the targeted topics. A Table of Specifications (TOS) was developed to ensure content validity and alignment with the Grade 9 Physics curriculum. The instrument was reviewed and validated by the researchers and panel members for content accuracy and appropriateness. The same instrument was used for both pre-test and post-test administrations to enable direct comparison of performance levels.
Data Gathering Procedure
The data gathering procedure involved three distinct phases: (1) pre-experimental, (2) experimental, and (3) post-experimental. In the pre-experimental phase, the researchers developed Grade 9 Physics curriculum-aligned interactive lesson plans and instructional materials, which were reviewed and validated by the research adviser and physics teachers for correctness and curriculum suitability. Approval to conduct the study was secured from the College of Education, Central Bicol State University of Agriculture, Sipocot Campus.
In the experimental phase, the pre-test was administered to evaluate students’ baseline knowledge of the target physics concepts. Subsequently, PHET simulation-based lessons were implemented for five weeks. After the intervention period, a post-test—identical to the pre-test—was administered to assess knowledge gains. Student feedback on the learning experience was also collected during this phase.
In the post-experimental phase, the collected pre-test and post-test data were organized and prepared for statistical analysis.
Data Analysis
Descriptive statistics, including the mean and standard deviation, were computed to describe the distribution of pre-test and post-test scores across all competencies. A paired-sample t-test was employed to determine whether the observed differences between pre-test and post-test scores were statistically significant. Cohen’s d was calculated to estimate the practical significance (effect size) of the intervention. Effect sizes were interpreted following Cohen’s (1988) guidelines: d = 0.2 (small), d = 0.5 (medium), and d ≥ 0.8 (large). All statistical analyses were performed at a significance level of α = 0.05.

3. results and discussion

Performance Level of Grade 9 Students in Physics Based on Pre-Test Results
Before implementing the PhET simulation-based intervention, a pre-test was administered to assess the baseline understanding of Grade 9 students across three key Physics competencies: Changes in the Form of Mechanical Energy, Conservation of Energy, and Heat, Work, and Efficiency. These findings are consistent with a well-documented body of literature indicating that students often find physics concepts difficult when instruction relies primarily on abstract, lecture-based methods (Bigozzi, 2018; Verawati & Nisrina, 2025). The pre-test results, summarized in Table 1, reveal that a significant proportion of students did not meet the expected performance standards across all competencies, underscoring the need for an instructional intervention that provides visual and interactive representations of abstract physical concepts.
The pre-test data reveal varying levels of difficulty across the three competencies. In Changes in the Form of Mechanical Energy, all 39 students (100%) scored below 75, with a mean of 67.08 (SD = 3.03). This complete failure rate indicates deep conceptual confusion surrounding energy transformations; students often cannot mentally track kinetic-potential energy changes without interactive visualization. In Conservation of Energy, 19 students (48.7%) scored below 75, with a mean of 75.13 (SD = 6.68). Although some students could verbally state the conservation principle, many faltered when applying it to problem-solving contexts. In Heat, Work, and Efficiency, 21 students (53.8%) scored below 75, with a mean of 75.74 (SD = 6.67), reflecting common misconceptions about thermodynamic processes, including confusion between heat and temperature and misunderstanding of efficiency formulas. Overall, 27 students (69.23%) scored below the proficiency threshold, with an overall mean of 72.59 (SD = 3.95).
Table 1. Performance level of Grade 9 students in Physics based on the results of the 
pre-test  
	Work, Energy, and Power

	
	Changes in the Form of Mechanical Energy (Mean=67.08, SD=3.03)
	Conservation of Energy (Mean=75.13, SD=6.68)
	Heat, Work, and Efficiency (Mean=75.74, SD=6.67)
	Overall (Mean=72.59, SD=3.95)

	Interval
	F (N=39)
	(%)
	F (N=39)
	(%)
	F (N=39)
	(%)
	F (N=39)
	(%)

	90–100
	0
	0.0
	1
	2.6
	2
	5.1
	0
	0.00

	85–89
	0
	0.0
	4
	10.3
	3
	7.7
	0
	0.00

	80–84
	0
	0.0
	6
	15.4
	6
	15.4
	3
	7.69

	75–79
	0
	0.0
	9
	23.1
	7
	17.9
	9
	23.08

	Below 75
	39
	100.0
	19
	48.7
	21
	53.8
	27
	69.23



Legend:  	 	  	  
Interval – Performance Level  
90-100 – Outstanding 
85-89 – Very Satisfactory  
 80-84 – Satisfactory  
75-79 – Fairly Satisfactory  	 
Below 75 - Did not meet expectation

These findings align with Shabir (2023), who reported that students tend to struggle with Physics concepts due to their abstract nature and the lack of interactive, student-centered approaches in traditional instruction. Putranta and Wilujeng (2019) similarly found that traditional methods are insufficient for developing critical thinking and conceptual understanding in Physics, particularly for junior high school students who tend to memorize formulas without understanding the underlying principles. In addition, motivating and engaging students in meaningful learning requires deliberate attention to curriculum design and instructional strategies that go beyond rote instruction. The consistently low pre-test performance across all competencies demonstrates a clear need for instructional innovation—particularly approaches that provide visual and interactive representations of abstract concepts. Physics education research confirms that, without explicit instruction on systems-based reasoning, learners default to surface-level memorization and formula application without conceptual grounding.


PERFORMANCE LEVEL OF GRADE 9 STUDENTS IN PHYSICS AFTER UTILIZING PHET
Following the five-week PhET simulation-based intervention, students completed a post-test to evaluate improvements in their physics learning outcomes. The performance distribution across the same competencies is presented in Table 2. 
Table 2. Performance level of Grade 9 students in Physics after utilizing the PHET Simulation  
	Work, Energy, and Power

	
	Changes in the Form of Mechanical Energy (Mean=75.28, SD=7.64)
	Conservation of Energy (Mean=82.74, SD=10.68)
	Heat, Work, and Efficiency (Mean=83.77, SD=9.16)
	Overall (Mean=80.49, SD=7.91)

	Interval
	F (N=39)
	(%)
	F (N=39)
	(%)
	F (N=39)
	(%)
	F (N=39)
	(%)

	90–100
	1
	2.6
	12
	30.8
	14
	35.9
	6
	15.38

	85–89
	4
	10.3
	6
	15.4
	3
	7.7
	7
	17.95

	80–84
	11
	28.2
	4
	10.3
	8
	20.5
	7
	17.95

	75–79
	4
	10.3
	8
	20.5
	7
	17.9
	8
	20.51

	Below 75
	19
	48.7
	9
	23.1
	7
	17.9
	11
	28.21



Legend:
Interval -Performance Level
90-100 - Outstanding
85-89 - Very Satisfactory
80-84 - Satisfactory
75-79 - Fairly Satisfactory
Below 75 - Did not meet expectation

The post-test results reveal a marked improvement across all three competencies following the integration of PhET simulations in classroom instruction. In Changes in the Form of Mechanical Energy, the mean increased to 75.28 (SD = 7.64), and one student (2.6%) reached the “Outstanding” level (90–100), compared to none in the pre-test; however, 19 students (48.7%) still scored below 75, indicating that this competency remained the most challenging for learners. In Conservation of Energy, 12 students (30.8%) achieved “Outstanding” scores, and the mean rose to 82.74 (SD = 10.68), with only 23.1% scoring below the proficiency threshold. The most notable gains were observed in Heat, Work, and Efficiency, where 14 students (35.9%) reached the “Outstanding” category and the mean improved to 83.77 (SD = 9.16), with only 17.9% scoring below 75. Overall, the mean across all competencies improved to 80.49 (SD = 7.91), with only 28.21% of students scoring below proficiency—a substantial reduction from the 69.23% pre-test failure rate.
This improvement can be attributed to the interactive and experiential learning environment offered by PhET simulations. Developed by the University of Colorado Boulder, PhET simulations allow students to manipulate variables, visualize abstract concepts, and receive immediate feedback—elements that are typically absent in traditional instructional approaches. This shows that simulations promote constructivist learning by enabling students to actively construct knowledge through exploration and experimentation. Banda and Nzabahimana (2023) similarly reported that PhET simulations significantly improved motivation and academic achievement, as students were empowered to engage actively with physics content at their own pace. Putranta et al. (2019) confirmed that PhET simulations, when combined with student-centered approaches, significantly improved critical thinking and conceptual understanding in Physics. 
These findings underscore the importance of integrating technology-enhanced learning tools like PhET into the science curriculum. Educators should consider PhET not as an add-on, but as an essential instructional strategy, particularly for abstract and mathematically demanding topics in Physics. The strong alignment of this study’s results with international research suggests that similar gains could be achieved in diverse educational settings, making PhET a scalable and effective tool for improving science education outcomes.  
THE DIFFERENCE BETWEEN THE PERFORMANCE LEVEL OF GRADE 9 STUDENTS IN PHYSICS BEFORE AND AFTER THE INTERVENTION 
	
To determine whether the observed improvements were statistically significant, a paired-sample t-test was conducted comparing pre- and post-test scores across the three Physics competencies. The results are presented in Table 3. 



Table 3. Paired T-test Table for the difference between the performance level of Grade 9 in Physics before and after the intervention.  
	Performance Level
	Test
	Mean
	Standard Deviation
	t-value
	p-value
	Cohen's d

	Changes in the Form of Mechanical Energy
	Pre
	67.1
	3.0
	7.729
	<.001
	1.238

	
	Post
	75.3
	7.6
	
	
	

	Conservation of Energy
	Pre
	75.1
	6.7
	5.015
	<.001
	0.803

	
	Post
	82.7
	10.7
	
	
	

	Heat, Work, and Efficiency
	Pre
	75.7
	6.7
	7.417
	<.001
	1.188

	
	Post
	83.8
	9.2
	
	
	


Legend:   
Cohen’s d value   	            Effect size     
 	0.2   	-  	Small   
 	0.5   	-  	Medium    
0.8 and above   	-  	Large     

The results reveal statistically significant gains across all learning areas, with p-values < .001 for each competency. In Changes in the Form of Mechanical Energy, students demonstrated a significant improvement from a pre-test mean of 67.1 (SD = 3.0) to a post-test mean of 75.3 (SD = 7.6), yielding a t-value of 7.729 and a large effect size (d = 1.238). In Conservation of Energy, the mean improved from 75.1 (SD = 6.7) to 82.7 (SD = 10.7), with t = 5.015 and d = 0.803—also a large effect. In Heat, Work, and Efficiency, the mean rose from 75.7 (SD = 6.7) to 83.8 (SD = 9.2), with t = 7.417 and the largest effect size among the three competencies (d = 1.188). The consistently large effect sizes across all competencies indicate that the PhET simulation-based intervention had a substantial practical impact on student learning, beyond mere statistical significance.
The findings provide compelling evidence that PhET simulations had a transformative effect on student learning. Unlike traditional methods, these tools offered an immersive, interactive, and student-centered learning experience that promoted exploration, hypothesis testing, and deeper understanding. These results are consistent with Nguyen and Nguyen (2021), who reported increased student engagement and performance through PhET use in Vietnamese schools. Similarly, Wahidin et al. (2025) found that digital simulations helped bridge understanding gaps in energy and motion concepts, fostering both interest and academic performance. This further affirmed that simulations are effective in producing conceptual change when integrated with guided instruction. Taken together, these findings strongly support the adoption of PhET simulations as a core instructional strategy in secondary-level Physics education.  


4. Conclusion

This study demonstrated that PhET simulation-based instruction significantly improved Grade 9 students’ understanding of key Physics concepts, namely Changes in the Form of Mechanical Energy, Conservation of Energy, and Heat, Work, and Efficiency. Prior to the intervention, students exhibited low mastery across all competencies, with 100% of students scoring below the proficiency threshold in Changes in the Form of Mechanical Energy and approximately half failing in the other two competencies. These results confirmed that conventional, teacher-centered instruction was insufficient for developing conceptual understanding of abstract physics topics among secondary learners.
Following the five-week PhET simulation-based intervention, statistically significant improvements were recorded across all competencies (p < .001), with large effect sizes ranging from d = 0.803 to d = 1.238. The visual and interactive nature of PhET simulations made abstract concepts more concrete, enhanced student engagement, and supported experiential learning. Students developed clearer understanding of energy transformations, conservation principles, and the relationships among heat, work, and efficiency, resulting in improved mastery and problem-solving ability. The overall post-test mean of 80.49, compared to the pre-test mean of 72.59, reflects a meaningful shift toward higher levels of academic achievement.
These findings affirm the effectiveness and versatility of PhET simulations as an instructional tool in secondary-level Physics education. It is recommended that physics teachers integrate simulation-based approaches as core components of instruction—not merely as supplementary resources—particularly for topics that are abstract and mathematically demanding. School administrators and curriculum developers should likewise consider incorporating PhET simulations into official instructional materials and teacher training programs to scale up their benefits across diverse learning contexts.
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