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


ABSTRACT
	Physics is often perceived by secondary students as difficult and abstract, resulting in low achievement and poor conceptual understanding. This study aimed to investigate the effectiveness of the "Learnovate Physics" interactive learning intervention in improving Grade 9 students' physics understanding by determining the performance level of Grade 9 students in Physics before and after the intervention using PHET simulations, covering concepts like Changes in Form of Mechanical, Conservation of Energy and  Heat, Work, Efficiency analyzing whether there is a statistically significant difference between the two performance levels.  This determined the performance level of Grade 9 students in Physics based on the results of a pre-test, , determined the level of performance of Grade 9 students in Physics after utilizing PHET Simulation, and evaluated whether there is a significant difference between the performance level of Grade 9 students in Physics before and after the intervention using PHET simulations.   Using a one-group pre-test–post-test quasi-experimental design, thirty-nine (39) Grade 9 students participated in a five-week intervention. Results revealed statistically significant improvements across all competencies (p < .001) with large effect sizes, demonstrating that PHET simulations significantly enhance conceptual understanding.
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1. INTRODUCTION 

Physics is generally acknowledged to be one of the most difficult subjects among all the secondary school subjects because of its abstract concepts and mathematical requirements. A lot of high school students find difficulty in comprehending these concepts and, therefore, cannot apply physics principles in real life. The absence of practical and hands-on learning experiences has also been a factor in the students' disinterest and poor performance in the subject. Numerous studies have shown that students' performance in physics is still unsatisfactory and that the negative attitude towards the subject has a major impact on learning outcomes (Aina & Philip, 2013; Aina, 2013; Bamidile, 2001). Several international assessments, including the Programme for International Student Assessment (PISA), are the basis for additional evidence of persistent difficulties in science education. The 2022 PISA results pointed out that the gaps in science performance of the students from different socioeconomic backgrounds, genders, and school contexts still existed. The students who came from low-income families were continuously at the bottom level in their performance, showing how poverty and inequality affected educational outcomes. There were also gender differences; girls were usually better at reading, and boys in science and mathematics. Furthermore, factors like school safety, student attitudes, and disruptive behaviors were pinpointed as affecting academic achievement, emphasizing the role of general social conditions in learning. In the study of Baran (2016), it was 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. This indicates that high school students’ engagement in physics would increase if the subject were made more relevant, immersed in real-life examples, and in general, taught more effectively. In addition, the effects of interest on educational processes are supported by neurological findings. Motivating and making students interested in reading and research requires attention and organizing it through the curriculum (Khalili, 2015). Also, Bigzadah (2014) said that using a visual lesson plan to understand concepts, using a historical lesson plan including biographies of scientists, and using simple laboratory tools while teaching can be a way to eliminate students’ lack of interest in physics.  Mirzaei and Sadaghinia (2015) found factors such as teachers’ use of traditional teaching methods, lack of use of new media, and teachers’ inability to simplify concepts on mathematical problems. According to Rahmanyar et al. (2022), the lack of proper nutrition causes students to be less interested in all subjects, especially physics. In fact, the lack of standardized questions in the physics exam has also caused students to be less interested in physics. Additionally, the lack of a regular curriculum for physics professors and the scattering of lessons while teaching are one of the important challenges for students to be interested in all subjects, especially in physics.  To address these problems, teachers need to incorporate modern teaching methods that attract more students and make physics more relatable. Changing old-style lectures like the use of television and interactive powerpoint presentation can increase the students' interest, understanding of the concept, and even their grades (Nablo et al., 2025; Marasigan et al., 2026). A combination of practical applications, group work, and lively games promotes the acquisition of strongholds and helps pupils to solidify their physics knowledge. Especially, the use of virtual experiments allows students to change the factors and see the results instantly, thus making the topics easier and more comprehensible. All such methods help keep up the flow of communication not only between the educator and the learner but also among learners, enhancing the development of learning communities that are able to support understanding of greater depth (Stupina, 2009).  This study aimed to investigate the effectiveness of the interactive learning intervention in improving Grade 9 students' physics understanding by determining the performance level of Grade 9 students in Physics before and after the intervention using PHET simulations, covering concepts like Changes in Form of Mechanical, Conservation of Energy and  Heat, Work, Efficiency analyzing whether there is a statistically significant difference between the two performance levels.  
2. material and methods 

Research Design
This study utilized a pre-experimental design with a pre-test and post-test assessment, involving a single group of Grade 9 students in learning physics at CBSUA Laboratory High School. This design involved administering a pretest to the students before the intervention, followed by the implementation of the "Learnovate Physics" program, and then a post-test to measure any changes in student understanding. The intervention was implemented over a period of five weeks, integrating PHET simulations into the lesson guide.  
Research Methods
        The research method employed total enumeration, encompassing all Grade 9 students in the Laboratory High School as the respondents. This represents the total enumeration of the sample frame, ensuring that all students have the opportunity to participate in the activities and contribute to the data collection process. Data were gathered through pre- and post-tests, measuring students' understanding of the concepts under discussion. The intervention was implemented over a period of five weeks, integrating PHET simulations into the lesson guide. Data were gathered through pre- and post-tests, measuring students' understanding of force concepts. To ensure validity and reliability, the instrument, particularly the test questionnaires and Table of Specification were submitted to the research adviser and panel members to ask for recommendation of its content.  The data gathering procedure involved three distinct phases: 1) pre-experimental phase, where researchers created lesson plans and seek approval to conduct the study; 2) experimental phase, where pre-test was administered, the intervention implemented, student feedback collected, and post-tests conducted; and 3) post-experimental phase, where the pre-test and post-test data were analyzed using descriptive statistics to determine any significant differences in student performance.   
Data Gathering Procedures
The research involved three steps: pre-experimental, experimental, and post-experimental. In the first phase that was pre-experimental, Grade 9 Physics curriculum interactive lesson plans and instructional materials were made and checked by the research adviser and physics teachers for their correctness and suitability in the curriculum. The study was approved by the College of Education, Central Bicol State University of Agriculture, Sipocot Campus.
In the second phase, the researchers gave a pre-test to evaluate the students' basic knowledge of the main physics ideas. Then, the teachers used PHET simulation-based lessons for five weeks. After the experiment, a post-test, which was the same as the pre-test, was given to assess the amount of learning gained. The researchers looked at the data through descriptive statistics and a paired-sample t-test, calculating Cohen’s d to see how much the intervention influenced the students’ physics performance.

3. results and discussion

Performance level of Grade 9 students in Physics based on the results of the pre-test before the implementation of the PhET Simulation. A pre-test was administered to assess the baseline understanding of Grade 9 students in key Physics topics. The table below presents the distribution of student scores across four learning areas.
EFFICIENCY: CHANGES IN THE FORM OF MECHANICAL ENERGY AND CONSERVATION OF ENERGY. 
The pre-test results presented in Table 1 reveal that a substantial number of Grade 9 students did not meet the expected performance standards in Physics. In Work, Power & Energy, all students scored below 75%, with a mean of 75.74 (SD = 6.67)—indicating that none reached even a “fairly satisfactory” understanding. This widespread underperformance suggests students don’t just struggle with calculations; they harbor fundamental misconceptions. Research documents persistent student errors like confusing energy with force, assuming an object at rest has no energy, or applying formulas without grasping the underlying physics. The challenge intensifies in Changes in the Form of Mechanical Energy, where the mean drops to 67.08 (SD = 3.03) and 69.23% of students fail. Such results reflect deep confusion around energy transformations—students often cannot mentally track kinetic - potential energy changes without interactive visualization, confirming widespread conceptual barriers. Next, Heat, Work & Efficiency shows a mean of 72.59 (SD = 3.95) with nearly half (48.7%) failing. This suggests significant misunderstanding of thermodynamics—students commonly mix up heat and temperature, treat heat as a substance, or misconstrue efficiency formulas— mistakes known to emerge when instruction remains abstract. Finally, Conservation of Energy displays a mean of 75.13 (SD = 6.68), yet still 48.7% failed. Many students can state "energy cannot be created or destroyed," but falter in applying this in problem-solving. 
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  
	10  
	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

Physics education research shows without explicit instruction on systems-based reasoning, learners default to rote memorization and surface cues.  According to Mwamba et al. (2019), students tend to struggle with Physics concepts due to their abstract nature and the lack of interactive, student-centered approaches in traditional instruction. In particular, concepts involving force, motion, and energy transformations often require visualization and experiential learning, which are rarely provided through lecture-based methods alone. Similarly, Putranta and Wilujeng (2019) found that traditional methods are insufficient for developing critical thinking and conceptual understanding in Physics, especially among junior high school students. They emphasized that students often memorize formulas without truly understanding the underlying principles.  The implication of this finding is clear, if foundational topics such as work, energy, and mechanical transformations are not properly understood at the outset, students may face ongoing difficulties in more advanced science topics. This performance gap underscores the need for instructional innovations, particularly those that provide visual and interactive representations of abstract concepts.   

The pre-test results point to the necessity of shifting away from traditional, teacher-centered methods in favor of technology-enhanced instruction. Schools and teachers must adopt simulation-based learning tools not just as supplementary resources, but as core components of Physics instruction. This shift can help bridge the gap in understanding, foster curiosity, and ultimately lead to improved student outcomes in science education.

PERFORMANCE LEVEL OF GRADE 9 STUDENTS IN PHYSICS AFTER UTILIZING PHET
Following the intervention using PhET Simulation tools, students completed a post-test to evaluate improvements in their Physics learning outcomes. The performance distribution across the same content areas is summarized in the table below.  
The post-test results reveal a marked improvement across all competencies following the integration of PHET simulations in classroom instruction. Most notably, 35.9% of students achieved “Outstanding” scores (90–100) in “Changes in the Form of Mechanical Energy,” a sharp contrast from the pre-test, where no student reached this level. Similarly, in “Heat, Work, and Efficiency,” 30.8% of students reached the “Outstanding” category, reflecting a substantial increase in conceptual mastery. Furthermore, there was a significant decline in the number of students scoring below 75, suggesting that the intervention not only benefited high performers but also helped lift lower-achieving students toward proficiency.    

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

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 often missing in traditional instructional approaches. According to Wieman et al. (2020), simulations promote constructivist learning by enabling students to actively construct knowledge through exploration and experimentation. In particular, simulations help students move beyond rote memorization and develop deeper conceptual understanding by engaging multiple sensory modalities and cognitive processes.  The implications of this improvement are far-reaching. Students who were previously struggling with abstract concepts such as energy transformations and thermodynamic processes were able to internalize and apply knowledge more effectively through visual and kinesthetic interaction. This not only improves academic performance but also builds confidence and motivation, which are critical for sustained engagement in STEM subjects. The findings of this study are consistent with Putranta and Wilujeng (2019), who demonstrated that PHET simulations, when combined with student-centered learning approaches, significantly improved students’ critical thinking and understanding in Physics. Additionally, Suhendi et al. (2020) reported that students taught with PHET achieved higher retention and performance scores compared to those taught through traditional methods.  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 also 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 in Physics before and after the intervention  
 	To determine whether the observed improvements were statistically significant, a paired-sample t-test was conducted comparing the pre- and posttest scores across the four Physics competencies.  The difference in the performance level of Grade 9 students in Physics before and after the intervention was assessed using a paired-sample t-test. The results in Table 3 revealed a significant increase in the performance level of the Grade 9 students in Changes in the form of Mechanical Energy (t=7.729, p<0.001), Conservation of Energy (t=5.015, p<0.001), and Heat, Work, and Efficiency (t=7.417, p<0.001). Besides, there is a large effect size for the three competencies based on the effect sizes of 1.238, 0.803, and 1.188, respectively, following Cohen’s guidelines (Navarro, 2015). The results reveal statistically significant gains across all learning areas, with p-values < 0.001 for each competency. Additionally, the effect sizes were large (Cohen’s d > 0.8), particularly in “Changes in the Form of Mechanical Energy” (d = 1.238) and “Heat, Work, and Efficiency” (d = 1.188), indicating a strong practical impact of the intervention.   

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
	Effect Size

	
	
	
	
	
	 p-value
	Cohen’s d

	Changes in the form of Mechanical Energy
	Pre 
Post
	67.1
75.3
	3.0
7.6
	7.729
	     <.001
	1.238

	Conservation of  
Energy  
	Pre 
Post
	75.1
82.7
	6.7
10.7
	5.015
	      <.001
	0.803

	Heat, Work, and Efficiency
	Pre 
Post
	75.7
83.8
	6.7
9.2
	7.417
	        <.001
	1.188


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

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. This promoted exploration, hypothesis testing, and deeper understanding, leading to the high gains observed in post-test results.  These findings are supported by Nguyen and Nguyen (2021), who reported increased student engagement and performance through PHET use in Vietnamese schools, despite facing technical challenges. Similarly, Sari et al. (2020) found that digital simulations helped bridge understanding gaps in energy and motion concepts, fostering both interest and performance improvement. Wieman et al. (2020) further affirmed that simulations are effective in producing conceptual change when integrated with guided instruction.  


4. Conclusion

Grade 9 students initially demonstrated very low mastery of Work, Power, and Energy when taught through conventional methods, as traditional teaching methods failed to effectively communicate core concepts and support problem-solving. Students struggled to visualize energy transformations due to the absence of practical or interactive tools, and traditional instruction did not adequately address diverse learning needs. Although conservation of energy was relatively better understood, nearly half of the students still faced difficulties, indicating weak foundational knowledge and inconsistent understanding across the class. The introduction of PhET simulations significantly improved students’ conceptual understanding across all topics. The visual and interactive nature of the simulations made abstract concepts more concrete, enhanced student engagement, and supported experiential learning. Students gained a clearer understanding of energy transformations, conservation principles, and the relationships among heat, work, and efficiency, leading to improved mastery and problem-solving ability. Overall, the consistent gains across topics demonstrate the effectiveness and versatility of PhET simulations in enhancing student confidence and competence in Physics.
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