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ABSTRACT 

	Science education at the elementary level often presents challenges in fostering conceptual understanding due to the abstract nature of scientific topics and the limitations of traditional instructional methods. To address this issue, the present study examined the effectiveness of digital simulation-based learning, specifically using PhET Interactive Simulations, in improving the understanding of electric circuits among Grade 5 students at Cateel Central Elementary School. A quasi-experimental research design was implemented, involving the administration of pre-tests and post-tests to both control and experimental groups to assess students' conceptual understanding before and after the intervention. The study was conducted during the School Year 2024–2025. Existing literature has shown that conventional teaching methods frequently fall short in promoting deep comprehension and long-term knowledge retention, particularly among young learners. In response, this study employed Kolb’s Experiential Learning Theory, which emphasizes learning through a cycle of direct experience, reflection, conceptualization, and active experimentation. The results revealed no significant difference in pre-test scores, indicating a comparable baseline between groups. However, post-test findings showed a statistically significant improvement in the experimental group's performance, with a large effect size (Cohen's d = 2.275), suggesting that simulation-based learning had a substantial positive impact on students' conceptual mastery. These findings provide empirical support for the integration of digital simulations into elementary science instruction. The study concludes that such experiential and technology-enhanced approaches can lead to deeper understanding and improved academic outcomes, and recommends their systematic adoption to enhance learning environments. Beyond the classroom, the results imply that incorporating digital simulations into the elementary science curriculum can modernize instructional practices and make abstract concepts more accessible for learners. Policymakers and curriculum designers may also consider embedding technology-driven experiential strategies into science education frameworks to align with 21st-century learning competencies. In doing so, schools can foster not only improved academic achievement but also digital literacy and critical thinking skills essential for future learning.
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1. INTRODUCTION 

The significance of comprehending concepts in science education cannot be overstated, as it enables students to acquire fundamental concepts and understand their interrelationships. The main goal of science education was to impart conceptual understanding through instruction (Konicek-Moran & Keeley, 2015). However, elementary school students often encountered difficulties in comprehending and grasping abstract concepts, as these concepts often lacked a tangible, physical presence (Harpaintner et al., 2018).
The traditional classroom setting had several limitations, including reliance on a single teaching method, a lack of connections to real-world applications, minimal focus on developing perceptual skills, and neglect of students' active participation in the learning process (Hu, 2024). Science becomes meaningless and incomprehensible to learners if they cannot connect it to their own lives (Jessani, 2015). Research has shown that engaging students in their learning yields numerous benefits, including increased motivation and academic achievement (Sinatra et al., 2015).
The traditional one-size-fits-all teaching method was outdated and ineffective in addressing the diverse needs of all learners (Roiha et al., 2021). In other words, it did not enable students to learn in a way that accommodated their learning styles. As technology continued to advance, interactive simulation-based learning, powered by live simulation, emerged as a promising approach to enhancing science education. Science education plays a crucial role in cultivating students' scientific literacy and fostering their enthusiasm for the field of science. Research in the field of science education has indicated that interactive simulation-based learning can be a powerful tool for improving students' conceptual understanding. Simulation-based learning enhanced students' academic performance and motivation by providing visualizations and instructional tools that facilitated a clearer understanding of the subject matter (Banda & Nzabahimana, 2022). The University of Colorado developed PhET (Physics Education Technology) simulations to help close the gap between scientific concepts and real-world occurrences. These simulations also provided students with instant feedback and encouraged creative problem-solving (Rizaldi et al., 2020).
The effectiveness of simulation-based learning, particularly through the use of PhET simulations, proved to be a valuable tool in improving conceptual understanding. According to Ahmad et al. (2021), students who utilized PhET simulations exhibited higher achievement scores in physics and demonstrated increased motivation compared to those in traditional classroom settings. Motivated learners were deeply engaged with the material and attained learning outcomes (Herpratiwi et al., 2022). The nature of PhET simulations made them a valuable tool for cultivating students' interest and involvement in science education (Verdian et al., 2021).
Moreover, simulations have proven to be an effective tool for introducing young students to physical science concepts and providing them with opportunities to engage in higher-order thinking processes (Wilson, 2016). Despite the potential benefits of digital simulations, it remained essential to assess their effectiveness specifically for Grade 5 students. At this stage, students were transitioning from concrete thinking to abstract reasoning, making it an opportune time to engage them in immersive learning experiences that fostered conceptual understanding. By measuring students' conceptual understanding before and after the intervention, this research aimed to provide empirical evidence on the effectiveness of digital simulation-based learning for Grade 5 students in science and to examine the potential of simulation technologies for enhancing practical and experiential learning opportunities.
1.1 Theoretical Framework
Experiential Learning Theory (ELT), proposed by David Kolb in 1984, had a profound impact on education, particularly in the field of Simulation-Based Learning (SBL). Experiential learning, a constructivist learning theory, was defined as "learning by doing" (Bartle, 2015), where knowledge is gained through experience, reflection, conceptualization, and experimentation (Kolb, 2015). Kolb's ELT proposed that learning was a systematic process involving four key stages connected to Simulation-Based Learning: Concrete Experience, Reflective Observation, Abstract Conceptualization, and Active Experimentation (Chan, 2023). 
Concrete Experience (CE): The first stage of ELT involves encountering a new experience or situation (Cloke, 2024). Learners fully participated in the experience, focusing on hands-on involvement rather than analysis or interpretation beforehand. They engaged in the activity without preconceived ideas or judgments (Rusconi, 2024).
Reflective Observation (RO): In the second stage, learners reflected on their experiences (McLeod, 2024). They reviewed what occurred during the Concrete Experience and considered their feelings and actions (Ali, 2018). In this study, each simulation was followed by prompts for reflection, encouraging learners to internalize the knowledge gained through their interaction with the simulated activity.
Abstract Conceptualization (AC): According to Cloke (2024), reflective observation leads to the development of Abstract Conceptualization. At this stage, learners employed abstract concepts, logical reasoning, and scientific frameworks to comprehend how things functioned rather than relying on personal emotions or experiences (Dave et al., 2022). In this study, students developed a deeper understanding of circuits by connecting their simulation observations to scientific principles.
Active Experimentation (AE): The final stage allows learners to test their ideas and apply lessons learned from previous stages (Cloke, 2024). Students applied their knowledge to real-world tasks by building circuits and evaluating their understanding through hands-on practice, reinforcing and refining their conceptual understanding.
In science, problem-solving plays a crucial role in helping students make sense of abstract concepts and apply their understanding to real-world situations. It serves as a bridge between theoretical knowledge and practical application, enabling learners to demonstrate a meaningful understanding of the concepts. Problem-solving was a fundamental skill that enabled students to apply scientific reasoning (Agustyaningrum et al., 2018). This was especially crucial in subjects like physics, where learners needed to understand theoretical concepts and apply them in real contexts (Lestari et al., 2021). Experiential learning enhanced this skill by presenting real-life challenges that required creative and systematic application of knowledge. Simulation tools, such as PhET, offer a dynamic and interactive learning environment, making them an effective platform for developing problem-solving skills. Developed by the University of Colorado, PhET simulations bridged the gap between scientific concepts and real-world phenomena, offering immediate feedback and encouraging creative exploration (Rizaldi et al., 2020).
Kolb's Experiential Learning Theory emphasizes a cycle of direct experience, reflection, conceptualization, and application. In this research, ELT was applied using the PhET simulation, where students interacted with circuit models to enhance their understanding of scientific principles through exploratory learning. In the Concrete Experience stage, students were introduced to the concept of electric circuits and manipulated simulation components in PhET. They engaged directly with the tool, focusing purely on experience without prior assumptions (Cloke, 2024).
In the Reflective Observation stage, students analyzed and reflected on the changes they observed while simulating circuits. With the help of reflection questions, they critically examined their actions and internalized the simulation results (McLeod, 2024).
During the Abstract Conceptualization stage, students connected their experiences to theoretical concepts. This helped them build a structured understanding of circuit functions, enabling them to explain their observations using scientific principles (Cloke, 2024).
Finally, in the Active Experimentation stage, students applied what they had learned in practical contexts. They built circuits or answered application-based questions, testing and refining their understanding of real-world tasks. This cyclical progression ensured that students advanced from experience to reflection and theory, culminating in practical application.
Experiential Learning Theory (ELT) emphasizes that meaningful learning occurs when individuals actively engage in real-world experiences, reflect on those experiences, and apply new understanding in future contexts. When integrated with simulation-based learning, ELT fosters deeper conceptual understanding by allowing students to become active participants in realistic, problem-based scenarios (Ali, 2018). Simulations provide an ideal platform for this process, enabling learners to apply abstract theories in practical settings (Patel et al., 2024). As Sackin (2018) observed, modern learners respond best to interactive, experience-centered approaches, reinforcing the effectiveness of simulation-based experiential learning. Ultimately, this alignment between theory and practice affirms the value of ELT in cultivating critical thinking, engagement, and long-term mastery of scientific concepts.
2. OBJECTIVES
This study examined the effectiveness of simulation-based learning in improving science conceptual understanding among fifth-grade pupils. This study identifies the difference in performance between students who are taught using simulation-based learning and those taught using the traditional method. This study aimed to achieve the intended goals listed below:
1. Determine the average pre-test score achievement in the control and experimental groups.
2. Determine if there is a significant difference in the mean scores of pre-test simulation score achievement between the control and experimental groups.
3. Determine the average post-test score achievement in the control and experimental group.
4. Determine if there is a significant difference in the mean post-test simulation scores achieved by students between the control and experimental groups.
5. Determine the extent to which digital simulation-based learning enhances the conceptual understanding of Grade 5 students in science.

3. MATERIALS AND METHODS
3.1 Research Design
This study employed a quasi-experimental research design to investigate the effectiveness of digital simulation-based learning in improving science conceptual understanding among Grade 5 students. Randomization was used to select participants by conducting a coin toss to assign existing class sections randomly to either the experimental group, which received digital simulation-based instruction, or the control group, which was taught using traditional methods. By randomly assigning the class sections to each group, the study aimed to reduce selection bias, ensure equitable group allocation, and determine whether the change in teaching method directly influenced students' conceptual understanding of science (Janssen & Kollar, 2021). 
3.2  Research Instrument
The study employed a quantitative methodology to analyze how digital simulation-based learning improved conceptual understanding of Science among Grade 5 students, specifically focusing on the effects of changing the number or type of components in a circuit (S5FEIIIg-7). The research instrument consisted of a researcher-designed multiple-choice questionnaire used to assess students' conceptual understanding of the topic. This instrument underwent thorough testing for validity and reliability.
Content validity was ensured through the evaluation of three experts, who reviewed the questionnaire based on its alignment with intended outcomes, relevance to learning objectives, and the quality of the test items. Their evaluations were used to calculate Aiken's V coefficient, which yielded a value of 0.92, indicating a high level of validity. For reliability, the instrument was pilot-tested in other schools, and Cronbach's alpha was calculated, yielding a value of 0.721, reflecting strong reliability. Consequently, the 30-item instrument was confirmed to be both valid and reliable.
3.3  Respondents of the Study
This research involved Grade 5 students from Cateel Central Elementary School. Two sections were selected: one for the experimental group and another for the control group. Before choosing respondents, the researcher consulted with the school principal and Grade 5 class advisers to identify which sections were willing to participate.
To ensure fairness and avoid bias, students were assigned to groups through a coin toss conducted in the presence of the class adviser. The experimental group received instruction using digital simulation-based learning, while the control group received traditional instruction. The data from both groups were compared to determine the effectiveness of the employed intervention.
Throughout the study, strict adherence to ethical standards was maintained. Since the participants were minors, parental consent letters were distributed and signed by parents or guardians to ensure informed consent. To maintain confidentiality, each participant was assigned a code number instead of using their real names in all research documents. All collected data were stored securely and were accessible only to the researcher and the research adviser. No identifying information was disclosed in any part of the research report or publication.
3.4  Data Gathering
The study followed a data-gathering procedure that comprised several steps.
1. To ensure adherence to research ethics, the researchers obtained ethical clearance from the University Research Ethics Board (UREB) prior to commencing the research. Before approval, the research paper underwent a thorough review by a designated ethics officer and the UREB Director to verify that the study complied with established ethical standards and protected the rights and welfare of the respondents.
2. After receiving ethical approval, the researchers formally sought permission from the school principal and other relevant authorities at Cateel Central Elementary School. A written request was submitted outlining the study's purpose, the target participants, and the specific data collection procedures involved. The request emphasized that the research aimed to assess the effectiveness of digital simulation-based learning on the science understanding of Grade 5 students. 
3. Upon approval from the school, parental consent letters were sent to the parents or guardians of Grade 5 students through the classroom advisers. These letters clearly explained the study’s purpose, which was to assess students' understanding of science concepts through pre-and post-tests, as well as the nature of the activities involved. Participation was strictly voluntary, and written consent was obtained by collecting the signed forms prior to student involvement.
4. The pre-test was conducted to assess the students' prior knowledge of the competencies targeted in this research. The pre-test included multiple-choice questions designed to evaluate baseline conceptual understanding.
5. Following the pre-test, the lesson was implemented. The control group was taught using traditional methods, while the experimental group utilized digital simulation-based learning. In this approach, students explored science concepts through interactive computer simulations, allowing them to engage in virtual science activities, such as building circuits, and thereby enhance their understanding of the lessons. Both groups learned the same science topic, but the delivery of the lesson differed in approach.
6. At the end of the intervention period, a post-test was given to both the control and experimental groups. The post-test had the same format and level of difficulty as the pre-test and was used to gather data on how much students had learned after the lessons. This data was then used to compare the scores of both groups.

4. results and discussion

4.1 Pre-test scores of the control and experimental group

Table 1 presents the learners' performance prior to the introduction of instructional interventions. The pre-test served as a diagnostic tool to assess the learners' baseline understanding of the science topic. The results indicate that neither the learners in the control group nor those in the experimental group met the expected proficiency level. Specifically, the control group obtained a mean score of 6.04 with a standard deviation of 1.74, resulting in a transmuted grade of 67. In contrast, the experimental group recorded a slightly lower mean score of 5.16 and a standard deviation of 1.93, corresponding to a transmuted grade of 66. These scores, based on a 20-item test, fall under the Did Not Meet Expectations remark as defined by the Department of Education’s K to 12 grading scale.

Table 1. Average pre-test score achievement between the control group and experimental group
	Group
	Total Score
	Standard Deviation
	Mean
	Transmuted Grade
	Remarks

	Control
	20
	1.74
	6.04
	67
	Did Not Meet Expectations

	Experimental
	20
	1.93
	5.16
	66
	Did Not Meet Expectations



These results indicate that the learners had limited prior understanding of the science topic even before the lesson began. The close mean scores and standard deviations suggest that both groups were comparable in terms of existing knowledge and learning gaps. The low averages highlight the need for targeted interventions to improve student performance. Although the experimental group scored slightly lower, the difference was minimal and statistically acceptable.
The findings suggest that students struggled to understand the science concepts prior to the intervention, likely due to the limitations of traditional teaching strategies. Abstract concepts, when not connected to direct experiences, often lead to confusion and limited understanding. This is supported by Rizaldi et al. (2020), who explained that scientific ideas are difficult to grasp without concrete, hands-on experiences. The low pre-test scores also indicate that students may not have fully retained or understood lessons delivered through conventional lectures. This aligns with the findings of Ahmad et al. (2021) and Banda and Nzabahimana (2022), who reported that lecture-based instruction often leads to surface-level comprehension, particularly in topics involving electric circuits.
Furthermore, the presence of misconceptions in student responses may be attributed to the lack of active learning strategies. Akram et al. (2022) emphasized that without student engagement through questioning and feedback, misconceptions tend to persist. The difficulty students face in recalling and applying science concepts may also be tied to the absence of real-world connections in the lessons. Kondrat (2024) noted that content without practical application is easily forgotten, a challenge exacerbated by modern learners' shorter attention spans, which now average just 8.25 seconds (Kesherim, 2024). These studies highlight the importance of adopting more interactive strategies, such as digital simulations, to enhance students' conceptual understanding of science.
4.2 Difference in Pre-test Scores in Control and Experimental Group
To determine whether there was a difference in the level of conceptual understanding between the experimental and control groups before the introduction of digital simulation-based learning, an independent samples t-test was conducted. 
The results show that the control group had a slightly higher average pre-test score (M = 6.04, SD = 1.74) than the experimental group (M = 5.16, SD = 1.93). However, the computed t-value of 1.692 and p-value of 0.097 revealed that this difference was not statistically significant. Since the p-value is greater than 0.05, it indicates that the students in both groups had nearly the same level of understanding prior to the intervention. This may be because the concepts, such as electric circuits, are complex and may not be easily understood through traditional lecture-based teaching. According to Huggett and Jeffries (2022), teaching methods that do not include visual or interactive activities often make it more complicated for students to grasp complex science concepts. Therefore, the lack of a significant difference between the two groups means that they had similar levels of knowledge at the beginning of the study, which supports the idea that both groups started under the same conditions.


Table 2. Mean comparison between pre-test scores of control and experimental group
	Group
	Mean
	Standard Deviation
	t-value
	p-value
	Interpretation

	Control 
	6.04
	1.74
	1.692
	0.097
	There is no significant difference in the average pre-test score between the experimental and control groups.

	Experimental 
	5.16
	1.93
	
	
	


The result can be attributed to the abstract nature of the lesson and the lack of interactive strategies employed prior to the intervention. Elementary students often struggle to understand scientific concepts, such as current, voltage, and resistance, when these are presented without visual aids or interactive experiences. This challenge is supported by Rizaldi et al. (2020), who highlighted the need for concrete tools to help students grasp complex science topics. Similarly, students may retain misconceptions when they are not given opportunities to participate in their learning process actively. Akram et al. (2022) noted that abstract ideas remain unclear unless learners are engaged through meaningful activities that encourage feedback and reflection. The issue is further intensified by students' reduced ability to focus during passive instruction. Kondrat (2024) explained that the combination of short attention spans and routine classroom methods leads to poor retention and limited comprehension. Moreover, when students are not exposed to stimulating or hands-on learning, they tend to become disengaged. Hu (2024) emphasized that without meaningful and engaging experiences, learners are reduced to passive listeners, which can hinder both their critical thinking and creative potential.
Building on these challenges, another contributing factor to the low pre-test scores is the continued reliance on teacher-centered instruction prior to the intervention. This method often limits student interaction with real-life applications of science concepts. When learners are not encouraged to connect lessons to their everyday experiences, their understanding remains superficial. Khan et al. (2024) observed that teacher-centered approaches reduce opportunities for students to apply scientific knowledge meaningfully, thereby weakening their ability to retain and transfer learning. Given these limitations, it is not surprising that both the control and experimental groups showed similarly low performance in the pre-test. This further underscores the importance of adopting experiential and student-centered strategies. Approaches such as digital simulation-based instruction offer more active, hands-on engagement that can deepen understanding and support better learning outcomes.
4.3 Post-test Scores of the Control and Experimental Group
To determine the learners' level of conceptual understanding after instruction, the post-test results of the control and experimental groups were analyzed. As shown in Table 3, the experimental group had a higher average score (M = 18.52, SD = 1.76) than the control group (M = 14.84, SD = 1.49). 
Based on the transmuted grades, the experimental group received an “Outstanding” remark, while the control group was rated as “Satisfactory.” This initial comparison reveals that students exposed to simulation-based instruction demonstrated a better grasp of the scientific concepts presented.

Table 3. Level of post-test scores between the control and experimental groups
	Group
	Total Score
	Standard Deviation
	Mean
	Transmuted Grade
	Remarks

	Control
	20
	1.49
	14.84
	83
	Satisfactory

	Experimental 
	20
	1.76
	18.52
	95
	Outstanding


The high post-test scores of the experimental group can be attributed to the engaging and interactive features of PhET simulations, which help students better understand scientific concepts by allowing them to observe and manipulate circuit components in a visual and hands-on manner. According to Ruth (2023), simulation-based learning enhances knowledge retention and conceptual understanding by offering immediate feedback and meaningful engagement. Similarly, Jong et al. (2018) found that simulations support inquiry-based learning and collaboration, making abstract concepts more tangible and accessible. Akçayır and Akçayır (2017) also emphasized that simulations bridge the gap between theory and application, fostering deeper conceptual understanding and stronger cognitive skills in science.
The improved performance of the experimental group confirms that simulation-based learning has a significant impact on students' conceptual understanding of science, cognitive abilities, and academic outcomes. Simulations enable students to actively explore scientific concepts actively, thereby boosting their confidence and understanding (Xu, et al., 2021). They also enhance problem-solving and decision-making skills, which are crucial for mastering scientific tasks (Jones et al., 2019; Yuan et al., 2020). Moreover, simulations transform routine lessons into interactive experiences, helping students build productive learning habits and retain information more effectively (Alenezi, 2019).
The performance of the control group, on the other hand, reflects the constraints of traditional instruction, which often limits student interaction and engagement. A study by Campos et al. (2020) found that conventional, lecture-centered methods do not fully support students who struggle with abstract thinking, especially in science topics that require visualization. Similarly, Yuan et al. (2020) highlighted that traditional strategies may be less effective in promoting critical thinking and problem-solving skills, which are essential for understanding scientific processes. Alenezi (2019) emphasized that without active participation, students are more likely to rely on rote memorization, leading to shallow understanding and lower retention rates, an issue likely reflected in the control group’s lower mean score.
The results support the conclusion that simulation-based learning contributes to long-term academic improvement. For instance, Zieber and Sedgewick (2018) found that simulations not only reinforce newly introduced concepts but also strengthen previously learned content, with retention lasting up to three months. This finding aligns closely with the high post-test performance of the experimental group, indicating that their achievement was based on sustained understanding. Similarly, Smith and Johnson (2020) demonstrated that interactive and visual tools, such as simulations, are more effective in improving concept retention than traditional teaching methods. Together, these studies confirm that the strong scores of the experimental group were a direct result of incorporating PhET simulations as an instructional tool.

4.4 Difference in Post-test Scores in the Control and Experimental Group
Table 4 presents the significant difference in the post-test scores between the experimental and control groups. The analysis revealed a highly significant difference in the performance of the two groups, with the experimental group (M = 18.52, SD = 1.76) outperforming the control group (M = 14.84, SD = 1.49). The t-value of 8.043 and the p-value of 0.001 indicate that the difference in mean scores is statistically significant. This means that while both groups showed improvement in their post-test scores, the experimental group demonstrated a significantly greater gain in understanding the science concepts, highlighting the effectiveness of simulation-based learning compared to traditional instruction.
Table 4. Mean comparison between post-test scores of control and experimental group
	Group
	Mean
	Standard Deviation
	t-value
	p-value
	Interpretation

	Control
	14.84
	1.49
	8.043
	0.001
	There is a significant difference in the average post-test score between the experimental and control groups.

	Experimental
	18.52
	1.76
	
	
	


The significant difference in performance between the experimental and control groups highlights the effectiveness of simulation-based learning over traditional instruction. PhET Interactive Simulations, a widely researched platform, allows learners to explore scientific concepts through interactive and inquiry-based experiences, making abstract ideas more concrete and accessible (Olugbade et al., 2024). This approach fosters a more profound understanding by allowing students to manipulate variables and learn at their own pace. As Salame and Makki (2021) noted, simulations foster engagement and support the learning of complex topics through clear, user-friendly interfaces. In contrast, traditional methods often rely on passive learning, which can hinder students' ability to visualize and retain abstract scientific concepts. Studies have shown that conventional lecture-based strategies are less effective in developing critical thinking and problem-solving skills (Yuan et al., 2020) and may lead to surface-level understanding due to limited interaction and participation (Alenezi, 2019; Campos et al., 2020). The contrast in outcomes between the two groups, therefore, underscores the advantage of simulation-based instruction in enhancing students' conceptual understanding of science.
The significant statistical difference in performance between the two groups demonstrates the advantage of integrating digital simulation tools, such as PhET, into the science curriculum. Beyond improved performance, these tools offer accessible and motivating learning environments that help students process abstract content more concretely. As Salam et al. (2020) noted, simulation-based learning enhances conceptual clarity, as evidenced by the higher scores of the experimental group. The effectiveness of SBL, however, is not limited to elementary science. In nursing education, systematic reviews have consistently shown that simulation-based strategies improve knowledge, professional skills, confidence, and performance, although long-term retention remains a challenge (Alhabi et al., 2024; Alshammari et al., 2025). Likewise, in engineering education, simulations have been found to promote competence, motivation, and deeper understanding when carefully aligned with learning goals (Koh et al., 2010; Tvenge et al., 2020).
Taken together, these findings confirm that the benefits of simulation-based learning extend across disciplines. The present study’s results support this broader body of evidence, demonstrating that simulation is a powerful pedagogical approach that enhances conceptual understanding in science while also proving effective in professional fields such as nursing and engineering. This convergence of findings across diverse contexts highlights the versatility of simulation-based learning as an innovative strategy for improving educational outcomes.

4.5 Digital Simulation-Based Learning in Improving Conceptual Understanding
Table 5 presents the computed effect sizes derived from the post-test scores of the independent samples for the experimental and control groups. The analysis yielded a Cohen's d of 2.275, a Hedges' g of 2.239, and a Glass's Δ of 2.468, each of which surpasses the conventional threshold of 0.80 for a significant effect (Cohen, 1988). These results indicate a strong and meaningful impact of the intervention on the conceptual understanding of Grade 5 students in science, demonstrating the substantial effectiveness of digital simulation-based learning as compared to traditional instruction.

Table 5. Effect of digital simulation-based learning in improving conceptual understanding
	Measures 
	Standardizer
	Point Estimate
	95% Confidence Interval

	
	
	
	Lower
	Upper

	Post-Test 
	Cohen’s d
	1.61761
	2.275
	1.551
	2.984

	
	Hedges’ correction
	1.64345
	2.239
	1.527
	2.937

	
	Glass’s delta
	1.49108
	2.468
	1.569
	3.346


Each measure of effect size provides a nuanced perspective on the strength of the intervention's influence. Cohen’s d quantifies the standardized difference between the means of two groups, with a value of 2.275 suggesting that the students in the experimental group performed over two standard deviations higher than those in the control group—a difference considered very large. Hedges’ g, which adjusts for small sample sizes, offers a slightly more conservative estimate (g = 2.239) but similarly affirms the strong effect of the intervention. Glass’s delta, using the control group's standard deviation as a reference, yielded an even larger effect size (Δ = 2.468), emphasizing the significant learning gains achieved through the simulation-based strategy, notably when variability in the experimental group may differ due to the intervention.
This large effect size means that the simulation-based learning approach had a substantial impact on students’ conceptual understanding. In this case, the values of Cohen’s d, Hedges’ g, and Glass’s delta all exceed the conventional threshold for a “large” effect, confirming that the improvements observed in the experimental group were not only statistically significant but also educationally meaningful. Therefore, the level of these effect sizes provides strong evidence that PhET simulations are not just an alternative instructional tool but a highly effective method for achieving a deep and lasting understanding of scientific concepts.
The success of statistical results aligns strongly with Kolb's Experiential Learning Theory (ELT). This learning model supports the idea that conceptual understanding deepens when students actively engage in learning processes that involve experience, reflection, and application (Chan, 2023; Kolb, 2015). Through the use of PhET simulations, students became active participants in constructing their knowledge, leading to the significant statistical results observed in the experimental group. Prior studies have similarly emphasized that experiential approaches, such as simulation-based learning, enhance cognitive engagement and problem-solving abilities, particularly in science education (Bartle, 2015; Diyanat Ali, 2018; Lestari et al., 2021; Patel et al., 2024). These findings reinforce that the substantial learning gains documented in this study were not only a result of the tool used but also of the experiential structure embedded in the learning process itself.
The results of this study show that students who used PhET Interactive Simulation-based learning demonstrated significantly better conceptual understanding than those taught through traditional methods. This improvement is not only statistically significant but also educationally meaningful, as reflected in the large effect sizes, which indicate substantial gains in learning. Lamina (2019) highlighted that the interactive and visual features of PhET simulations encourage active student participation, leading to greater cognitive engagement in science. Similarly, Banda and Nzabahimana (2023) found that students in simulation-based groups outperformed their peers in both academic achievement and motivation. Salame and Makki (2021) confirmed that simulations help students grasp complex concepts through guided, exploratory learning. Samitra et al. (2023) also observed that students became more enthusiastic and involved when learning abstract content through engaging multisensory simulations.
The results of the present study are consistent with the findings of Warsi et al. (2024), who, in their study “Effect of Simulated Learning on Students’ Academic Achievement in Science at the Elementary Level,” emphasized that simulated learning enhances students’ academic performance by providing interactive and engaging experiences. In a similar manner, the outcomes of this research affirmed the positive influence of digital simulation-based learning on the conceptual understanding of elementary students in science. This alignment indicates that simulation-based learning is not only effective in improving academic achievement but also in fostering meaningful engagement with scientific concepts, thereby reinforcing its value as a pedagogical approach at the elementary level.
In conclusion, the large effect size and statistically significant result underscore the effectiveness of PhET simulations when integrated with Kolb’s Experiential Learning Theory in elementary science education. Through this approach, students demonstrated deeper conceptual understanding and greater engagement, resulting in better performance than their peers who received traditional instruction. This outcome is consistent with the findings of Lamina (2019), Banda and Nzabahimana (2023), and Salame and Makki (2021), who similarly reported that interactive simulations significantly enhance learners’ motivation, academic performance, and conceptual understanding. Therefore, incorporating PhET simulations guided by Kolb’s experiential learning theory holds strong potential for fostering meaningful and lasting learning in science classrooms.

54. Conclusion, LIMITATION OF THE STUDY AND RECOMMENDATION
54.1 Conclusion 
Based to the findings of the study, the researchers concluded the following:
1. Pre-test results indicated that neither the control group (mean = 6.04) nor the experimental group (mean = 5.16) met the expectations set by the K-12 grading system, highlighting the need for improved instructional methods in teaching the science competency of determining the effects of altering the number or type of components in a circuit.
2.The pre-test scores showed no significant difference (p = 0. 097) between the control and experimental groups, suggesting that any observed differences in post-test performance were likely due to the instructional intervention rather than initial disparities in conceptual understanding.
3.The post-test results demonstrated that the experimental group, which was taught using digital simulation-based learning through PhET Simulation and guided by David Kolb's Experiential Learning Theory, performed better than the control group, indicating the effectiveness of simulation-based learning in improving students' conceptual understanding of science.
4.The statistically significant difference in post-test scores between the control (mean = 14.84) and experimental groups (mean = 18.52) confirmed the superior effectiveness of digital simulation-based learning over traditional teaching methods in enhancing students’ understanding of electric circuits.
5. Statistical analysis revealed a large effect size (d = 1.61761), providing strong evidence that simulation-based learning significantly enhances students' conceptual understanding of science. This finding supports the application of Kolb's Experiential Learning Theory in classroom instruction, affirming that active engagement, hands-on exploration, and reflective learning experiences contribute to deeper comprehension and improved academic outcomes.
54.2 Limitation of the Study

This study was conducted with a relatively small sample size, which may limit the generalizability of the findings to larger populations. The research was carried out in a single public elementary school, and the results may not fully represent the experiences of students in other settings.

In terms of practical implementation, several challenges were encountered. Access to computers and stable internet connectivity was limited, particularly given the rural school context. These constraints may affect the consistent integration of simulation-based learning across different schools. In addition, teacher readiness and confidence in utilizing digital simulations varied, which may influence the effectiveness of the intervention. These factors highlight the need for adequate professional development and support for teachers to maximize the potential of technology-enhanced instruction.

Despite these limitations, the study provides valuable evidence of the effectiveness of digital simulation-based learning. With sufficient resources, infrastructure, and training, this approach can be further scaled and adapted to strengthen science education in diverse contexts.

[bookmark: _GoBack]54.3 Recommendation

1. Science teachers may design diagnostic activities to identify students’ prior knowledge and misconceptions. For abstract topics like electric circuits, they can use PhET simulations or hands-on tasks to strengthen understanding and relate concepts to real-life situations.
2. Curriculum developers and science teachers are encouraged to integrate simulation-based strategies into the science curriculum to enhance conceptual understanding, particularly when teaching abstract concepts like electric circuits. Embedding opportunities for digital experimentation and real-world application enables students to explore scientific ideas and connect theory with practice actively. Specifically, the use of PhET Interactive Simulations such as the Circuit Construction Kit: DC Virtual Lab can help students manipulate components like bulbs and batteries and observe real-time changes in current and brightness in a virtual environment. To ensure deeper learning, these simulations should be implemented in accordance with Kolb's Experiential Learning Theory. This involves beginning with concrete experiences, encouraging reflective observation, guiding students toward abstract conceptualization, and concluding with active experimentation. This experiential cycle fosters student engagement, critical thinking, and a deeper understanding. It is especially effective and practical for use in resource-limited settings such as rural schools, where hands-on materials may be scarce.
3. Students are encouraged to explore PhET simulations independently to enhance understanding across subjects. This fosters self-directed learning, strengthens problem-solving skills, and helps connect theory to real-world applications, boosting confidence and academic readiness.

The use of digital simulation-based learning can be extended beyond electric circuits and applied to a wide range of science topics, making it a versatile tool for conceptual understanding. For example, PhET simulations provide interactive models on states of matter, forces and motion, energy transfer, and planetary systems, all of which allow learners to visualize abstract concepts and test their ideas in a risk-free environment. This adaptability makes the approach suitable for various classroom contexts, from technology-rich environments where students can explore individually, to resource-limited schools where teachers may facilitate whole-class demonstrations. In blended and remote settings, simulations can also support self-paced exploration, fostering independent learning. By integrating simulations into lesson plans following the stages of experiential learning, exploration, reflection, conceptualization, and application teachers can scaffold both guided and open-ended inquiry tasks. Thus, digital simulation-based learning can serve as a flexible, student-centered strategy that enhances science education across diverse topics and contexts.
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