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Abstract

PhET INTERACTIVE SCIENCE LABORATORY SIMULATION: A TOOL FOR SCIENCE LABORATORY ACTIVITIES

ALLEN I. DALINOG
Master in Science teaching
University of Cebu 
February 2026

	This study, titled investigated the effectiveness of PhET interactive simulations as a supplementary tool for enhancing students’ understanding of science laboratory concepts. The study aimed to compare the learning performances of students exposed to traditional laboratory activities (control group) and those who utilized PhET simulations (experimental group). Specifically, it sought to determine the pretest and posttest performances of both groups, examine significant differences between their scores, and assess whether the use of PhET simulations leads to improved learning outcomes. Using a quasi-experimental research design, two groups of students were given identical pretests and posttests to measure conceptual understanding before and after instruction. Data were analyzed using statistical methods to compare mean scores and identify significant differences in performance. 
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CHAPTER 1
THE PROBLEM AND ITS SCOPE
INTRODUCTION
Rationale
	Laboratory experiments and activities are considered one of the most effective forms of authentic student learning assessment. They are integrated into most science-related lessons. Academic institutions and curriculum developers find that the science laboratory is vital in providing learners with a hands-on learning experience by exposing them to specific laboratory procedures. Existing platforms enable teachers and learners to perform laboratory activities and experiments with technology integration. This necessitates evaluating whether these platforms can effectively hold students' interest in science laboratory activities. 
	A recent study by Gericke (2023) found that one distinguishing feature of science education compared to other areas is the use of laboratory activities in which students manipulate and observe real objects to experience and investigate the physical world. Adding more value to science lessons helps students develop a sense of curiosity. Inquiry is an appreciated trait among students; this shows they are eager to learn. The educational system is evolving rapidly, and so is its approach to delivering lessons. The students are well-adapted to technological changes, underscoring the need for schools, administrators, professors, and staff to keep pace.
	Furthermore, science does not need to precede technology; technology can stimulate scientific findings (Banks & Barlex, 2020). One of the goals for education in the 21st century is to open new doors that will make skills and standards relevant to learners in the Digital Age. While many studies have examined the effectiveness of remote and video-based labs, there is a lack of empirical evidence about the impact of the unique interactive scaffolding and immediate feedback features of the Physical Education Technology simulations on students' mastery of complex scientific concepts compared to traditional digital observation tools.
	Recent studies have tended to treat digital simulations as a complement to physical labs. Still, there is a considerable gap in knowledge regarding the effectiveness of Physical Education Technology simulations as a primary alternative in educational contexts where physical equipment is invariably absent, or scheduling conflicts cannot be resolved. While there are many digital resources available, there is a lack of research on the longitudinal viability of using free, open-source platforms such as Physical Education Technology regularly in the daily teaching routine to keep students engaged and meet secondary education curriculum standards.
	Moreover, although there is a large body of research on the general advantages of ICT in science (Gamage et al., 2020), there is a substantial research gap in assessing the role of interactive simulations in bridging the 'hands-on' deficit caused by the lack of laboratory equipment. Most studies focus on technology as an enrichment tool. Yet, there is insufficient evidence regarding the effectiveness of Physical Education Technology simulations as a systematic instructional tool for achieving lesson outcomes when physical labs are unavailable. Furthermore, while internet connectivity is often cited as a barrier, little is known about how the offline capabilities and specific interactive features of Physical Education Technology can mitigate these challenges to sustain student interest in the Digital Age.
	As a science laboratory supervisor dedicated to providing the best quality of service to students, the researcher is passionate about introducing alternative ways and media to engage students through an online platform for laboratory activities and realizing that it is vital to be in pace with the constant technological changes and to be able to let students relate to the modern ways of delivering lessons. This study will provide empirical evidence of the feasibility of utilizing a free online platform to sustain a tool for science-related activities.

Theoretical Background
This study is anchored on the theory of Scaffolding by Wood et al. (1976). Moreover, it is supported by the theory of Technological, Pedagogical, and Content Knowledge (TPACK) by Mishra and Koehler (2006) and the theory of Constructivism by Jean Piaget (1952).
	Scaffolding theory systematically elucidates how structured instructional support augments learners' capacity to execute challenging academic and practical activities. It stresses that learning works better when students are given guidance with purpose, then gradually have it taken away as they grow more skilled and independent. There are several ways to promote this, such as modeling, urging, questioning, and giving feedback, all of which are meant to help students grasp things better. Scaffolding is very important in scientific labs because students need to combine what they know about concepts with how to do things and analyze them. Scaffolding helps students struggling with this problem by dividing knowledge into tiny, easier-to-handle components. In this manner, students may focus on one part of the task at a time. 
	Jimerson and Myers (2024) state that scaffolding helps students think more deeply by allowing them to focus on the most vital ideas and reducing the cognitive load. Students can digest scientific knowledge more quickly and accurately with this structured help. Also, scaffolding encourages participation, which is crucial for learning in labs. As a result, scaffolding theory provides a strong foundation for understanding how guided instructional techniques might help students do better on scientific lab assignments.
	Moreover, the use of digital tools in the classroom has made scaffolding more effective, especially in areas designed to feel like labs. Using technology to scaffold enables students to have interactive support systems that provide real-time feedback, guided instruction, and learning paths that adapt to their needs. These skills are especially important in science labs, where students need to understand both the theory and the procedures. Digital learning environments can include scaffolding directly into activities, so learners can get quick help while conducting virtual experiments. Park (2024) argues that modern scaffolding methods highlight the importance of technology for providing ongoing, responsive support during the learning process. This method lets students actively learn about scientific ideas while lowering the chance of getting them wrong. 
	Digital scaffolding also allows you to practice as many times as you need, which is vital for developing lab skills and ensuring you understand the ideas. It also lets each acquire knowledge at their own speed and in a way that makes sense to them. As pupils improve at something, they may need less support over time. This makes them more independent and able to control themselves. This phase is like what happens in a lab, where students are intended to progress from guided practice to independent exploration. Adding scaffolding to digital environments enhances the effectiveness of simulation-based lab activities (Kim et al., 2021)
	In addition, Scaffolding is very significant in education, helping students develop the higher-order thinking skills needed for scientific study and experimentation. In the lab, students must analyze data, interpret results, and apply theoretical ideas to real-world situations. These jobs require a lot of mental processing, which might be hard to do without organized help. This method helps students learn more over time while keeping them focused on the most important things they need to study. 
	Richardson et al. (2022) found that scaffolding helps learners comprehend and follow tasks by providing support at the appropriate time. Scaffolding also helps students improve their metacognition by prompting them to reflect on how they think and how they figure things out. This kind of thinking is very important for helping students learn more and study on their own accord in the lab. Scaffolding helps by breaking complex lab processes into smaller, more manageable steps. Also, scaffolding helps people work together by showing them how to engage with one another and by helping them figure things out during lab work. Students learn more when they hear multiple points of view on scientific topics during these supervised conversations. 
	In science labs, scaffolded learning environments are very useful in addressing problems that arise when there aren't enough resources, safety is a concern, or experiments are hard to follow. Simulated laboratory activities provide an alternative environment for learners to conduct experiments in a structured, controlled setting. Scaffolding in such environments makes sure that students are guided through every step of the scientific process, from direct observation to analysis to conclusion. Sailer and Sailer (2021) argue that scaffolded learning environments make students more interested in learning and help them grasp material more effectively by providing interactive, helpful experiences. This planned assistance helps students focus on grasping concepts while slowly building their practical skills. Also, scaffolding helps students gain confidence by letting them practice and improve their skills without worrying about making mistakes that can't be fixed. It also helps students learn to think scientifically by connecting theory to practice. As students improve, gradually removing support helps them become more independent and master the skills they need in the lab. This change is necessary to ensure students are well-prepared to do real-world lab work. So, scaffolding theory provides a clear and useful framework for understanding how structured support in simulation-based environments can make science lab activities more effective.
	The Technological Pedagogical Content Knowledge (TPACK) framework by Wood et al. (1976) provides a holistic framework for analyzing how educators successfully integrate technology into learning and teaching strategies. It underscores the importance of integrating three main fields of knowledge: topic knowledge, pedagogical knowledge, and technical knowledge. This is necessary to make learning experiences meaningful. TPACK emphasizes that technology is not only a separate tool, but an important part of instructional design. This integration is especially crucial in science education, since teaching scientific ideas involves both clear thinking and effective pedagogical approaches. Laboratory procedures require a balance between theoretical understanding and practical implementation, underscoring the importance of integrated knowledge. 
	Mishra (2006) says that, as recent research shows, technology integration works best when teachers can connect digital tools to both subject goals and teaching methods. This alignment ensures that technology supports learning rather than getting in the way. TPACK also encourages teachers to create learning experiences that are appropriate to the situation and meet their students' needs. It also encourages teachers to think about how well their teaching methods work by having them constantly review them. Because of this, the TPACK framework is a useful framework for understanding how to use technology effectively in science lab lessons.
	Additionally, TPACK has been influenced by the increasing availability of advanced digital technologies, which make engaging, inquiry-based learning accessible. These tools force instructors to go beyond fundamental technological skills and to develop a much deeper awareness of the interplay among technology, pedagogy, and content. Teachers in simulation-based labs need to carefully choose and use technologies that accurately represent scientific phenomena and support their teaching goals. This necessitates a comprehensive knowledge base that enables educators to create activities that are both pedagogically valid and technologically suitable. Bueno et al., (2023) assert that proficient use of the TPACK framework requires understanding the advantages and constraints of specific technologies in relation to content and pedagogical approaches. This knowledge helps teachers make classrooms where students are actively involved and can understand concepts. TPACK also helps teachers plan lessons that enable students to explore, try new things, and think critically. It also stresses the importance of matching learning goals with the right tech tools to ensure consistent education. The relevance of TPACK in influencing instructional design is growing as digital learning environments become more common. Because of this, TPACK is a very important framework for understanding how technology can be used in science labs in ways that are both useful and meaningful.
	The TPACK framework is very important in education, as it helps improve the quality of teaching and students' learning outcomes, particularly in fields that require both practical and theoretical abilities. In science labs, students are required not only to acquire complex concepts but also to apply them in practice through experiments and analysis. Because of this dual demand, it is extremely vital to combine technology, pedagogy, and content. TPACK helps teachers plan lab activities that connect theory and practice by using the right technology in their teaching. Studies show that teachers with high TPACK are better at helping students learn in ways that are centered on them and at helping them understand concepts more deeply (Chai et al., 2020). TPACK also helps students develop higher-order thinking skills by having them solve problems, analyze information, and make judgments. It also encourages flexibility, as teachers can adapt their teaching to the technology they have and to their pupils' needs. TPACK also encourages the use of a variety of teaching methods that work for different kinds of learners and their preferences. In labs, students may need different ways to learn about complicated processes; this flexibility is quite important. By combining various areas of knowledge, TPACK makes teaching more effective and keeps students more interested. It is an important framework for making scientific lab instruction better in education.
	The TPACK framework is very useful for figuring out how to use simulation-based environments as teaching tools in scientific labs. TPACK also helps construct scaffolded learning experiences in simulations, which allow learners to gradually build their skills and knowledge. It also lets teachers create interactive learning spaces that engage students and keep them interested for a long time. Teachers can make lab activities that are both useful and easy to access by combining technology with teaching methods and materials. This integration is especially useful when there aren't enough regular lab resources or when they aren't available. The TPACK framework offers a solid theoretical basis for analyzing the effectiveness of well-structured, technology-enhanced laboratory activities in improving students' learning experiences and outcomes in science education. 
	Constructivist learning theory by Jean Piaget (1952) holds that knowledge is actively constructed by learners through their interactions with the environment, rather than passively acquired through instruction. It highlights that people learn when they use what they currently know and have been successful in making decisions regarding new information. The aforementioned point of view emphasizes the importance of being fully engaged, exploring, and reflecting on what you've learned. Constructivism is particularly pertinent in science education, since scientific concepts often require learners to figure out what they mean and to provide justifications grounded in facts. It also encourages critical thinking by having students examine, evaluate, and integrate information. As a result, constructivist theory is a great starting point for making scientific lab activities that focus on asking questions and building knowledge via action.
	Moreover, the use of constructivist ideas has grown as digital technology has been used in schools, especially in settings that mimic real-life situations. In technology-enhanced learning environments, students can learn and try new things in fun ways. These settings align with constructivist principles because they help students try out their ideas, receive feedback, and learn more through repeated practice. Jonassen (2020) believes that digital technologies can assist kids in learning by allowing them to see abstract ideas and work through difficulties. In scientific labs, this kind of equipment lets students look into things that might be hard or impossible to see in a regular setting. This talent helps people understand concepts better by making abstract ideas more concrete and easier to grasp. Thus, integrating constructivist ideas into digital learning settings enhances the effectiveness of simulation-based lab activities.
	Furthermore, in education, constructivism is vital for developing higher-order thinking skills required for scientific research. Students must stress doing more than just memorizing facts in science class; they must also analyze, comprehend, and utilize what they study. Constructivist techniques help this by getting students to examine problems, develop theories, and evaluate evidence (Stoeckel, 2020).
	Doolittle and Hicks (2021) suggest that constructivist learning settings help students think critically by providing genuine tasks that matter. In a lab environment, this means designing routine experiments, analyzing data closely, and drawing inferences from real-world data. Such routine tasks help learners better grasp scientific principles and techniques. Constructivism also emphasizes a collaborative approach, where learners share their thoughts and discover new ideas together. This interaction lets students see things from new angles, which helps them learn and grow intellectually. It also prompts individuals to think, which is vital for learning and solving problems more effectively. Constructivism helps students become independent and capable learners through these steps. So, it is an important foundation for improving the quality of scientific lab instruction in colleges and universities.
	Constructivism is especially useful for planning interactive and inquiry-based learning environments in scientific labs. Students must actively engage with scientific ideas throughout lab activities, which makes constructivist theories particularly beneficial. Simulation-based learning environments let students learn science ideas in a safe and flexible way (Makransky et al., 2020). 
	According to Sailer & Sailer (2021), interactive learning environments that encourage active student participation greatly boost students' enthusiasm and understanding of concepts. Constructivist methods ensure that pupils are not merely following directions but are also striving to understand what they observe. They also let students evaluate and improve their understanding by giving them feedback and talking to them regularly. Students get better at performing their own research and understanding what the results mean as they study more. In the end, constructivism provides a logical and practical framework for thinking about how interactive and simulation-based lab activities can help students learn more in scientific classes. This method helps students’ study more effectively and improve their scientific reasoning. Constructivist environments also help learners connect theory and practice by letting them use ideas in ways that make sense to them.
In the DepEd Order no. 016, s. 2023 Revised Guidelines on the Implementation of the DepEd Computerization Program (DCP): provides computer laboratory packages and smart TV packages to public schools to modernize teaching and allow for simulation-based learning. This suggests that technology-based simulations function as a cognitive apprenticeship, akin to the conventional mentor-apprentice relationship, in which beginners learn complex skills by watching, working with, and gradually taking on more responsibility from professionals (Richardson et al., 2022). 
Moreover, its structured environment, built-in suggestions, and ability to change difficulty levels, the simulation acts as a "master" in a virtual lab. Students can watch how scientific systems operate in a simulation and then conduct their experiments, gradually gaining more control over their studies. This steady shift of responsibility, from strong scaffolding at first to more independent investigation over time, is an integral part of good cognitive apprenticeship emphasize the importance of promoting independence and transferring learning to new situations by deliberately removing support, such as gradually withdrawing scaffolding as learners become more skilled (Kim et al., 2021).
Similar tools help do things in a scientific lab. These structured, interactive simulations provide students with a safe, controlled space to explore and experiment, helping them learn complex scientific concepts and processes. Simulations help students learn more about subjects and improve their understanding by providing instant feedback, hints, and difficulty levels that increase over time. As students get better at something, the simulations let them work more independently. This coincides with the process of lowering scaffolding mentioned by Bikmaz et al. (2010). Simulations enhance interaction and align with scaffolding principles, making it easier for learners to navigate from guided scientific inquiry to independent scientific investigation.
Science laboratory simulations are a good example of the apprenticeship concept. They create a virtual space where students can first rely on the structured help built into the simulation. For example, prompts, cues, and detailed instructions act like a seasoned mentor. Students will learn about the real process of learning and be able to perform tasks independently. This will make them more confident in scientific ideas and practices without their teachers' help. This transition, like the cognitive apprenticeship model, allows children to learn scientific ideas and skills in an encouraging, gradually independent manner (Lee & Kim, 2023).
	Science laboratory simulations are best used by those who know how to teach (how to design and carry out practical learning activities) and who know the topic (the scientific ideas being taught). We must integrate these three areas of knowledge in a way that works in concert to produce and deliver fascinating, valuable learning experiences. If any one area is lacking, technology integration may be far less effective, resulting in superficial involvement or the reinforcement of false notions. For example, a student using the “Circuit Construction Kit” simulation would first learn how series circuits work. However, when they encounter and engage with parallel arrangements, they must adjust their schema, enabling them to develop a more sophisticated and comprehensive understanding of electrical principles (Foster & Kim, 2022).
	This provides a framework for learners to change variables, assess hypotheses, and observe consequences in authentic, simulated scientific environments. This improves learning outcomes and helps students engage in immersive virtual labs by performing activities and asking questions (Rahman et al., 2022). 
	According to Hmelo-Silver & Barrows, (2006) online labs are important for allowing students to learn the relationship between what they study in theory and what they do in the real world. The collaborative creation of learning experiences by both teachers and students ensures that simulations can be modified to support real inquiry and student autonomy 
	Furthermore, Physical Education Technology and other virtual lab systems have collaborative capabilities that make it easier for students to collaborate, share ideas, and build scientific knowledge. Students can talk about diverse points of view and work together to learn more about science through group activities on these sites. These principles work together to provide a useful framework for thinking about how interactive simulations like Physical Education Technology could improve scientific lab experiences in today's digital classrooms (Antonio & Castro, 2023).
	Recent studies have shown that interactive scientific laboratory simulations are increasingly popular as tools for improving lab training. These simulations are designed to resemble authentic laboratories, allowing students to modify variables, observe outcomes, and conduct experiments in a virtual setting. 
	Additionally, studies show that these technologies are very useful for overcoming problems with lab resources, safety, and time constraints. Sailer and Sailer (2021) say that interactive digital environments make students far more interested and motivated than traditional teaching methods. In science teaching, simulations let students see abstract ideas that are frequently hard to see firsthand in real labs. This visualization helps people grasp concepts more easily by making scientific events more tangible and easier to understand. Also, exercises that use simulations let you try things out again and again, which helps you learn and remember. Studies show that these tools make learning more flexible, allowing students to learn at their own pace. More and more science classrooms are using interactive lab simulations to help students learn more effectively. These results show how important simulation-based technologies are in modern science lab education.
	Moreover, several studies have examined how well interactive simulations help students better understand scientific concepts. The results consistently show that students who engage in simulation-based lab work understand scientific concepts better than those who use traditional lab approaches. The evidence shows that this improvement is due to simulations and interaction, suggesting that students may actively engage with the material. According to a study by de Jong et al. (2013), simulations support inquiry-based learning by allowing students to test their ideas and observe how things unfold in real time. Studies also show that pupils get better at solving problems when they can play around and try things out in a virtual setting. Also, simulation-based learning encourages deeper thinking by prompting people to examine and understand the findings. These results are evidence that interactive simulations are a better way to enable students to learn in scientific labs. As a result, using them can help students perform better in school and better understand concepts. 
	Furthermore, research has examined how laboratory simulation-based activities affect students' abstract and practical skills. Students can learn by doing in traditional labs, but simulators provide a safe environment to apply what they've learned. Makransky et al. (2021) assert that virtual laboratory simulations promote student learning by allowing repeated execution of experimental phases without concerns regarding physical resources. Doing this repeatedly helps students become familiar with how labs work and ensures they can conduct experiments. Simulations can also copy experiments that are too hard or too dangerous to do in a real lab. This gives youngsters more chances to learn. Research indicates that simulation-based activities can enhance students' laboratory knowledge by providing clear instructions and structured processes. Students may benefit from their past actions without facing real-life consequences, which makes them more likely to try new things and explore. Studies indicate that integrating simulations with conventional laboratory experiences may facilitate more thorough skill enhancement. Because of this, interactive simulations are useful for improving both the conceptual and procedural parts of learning in a scientific lab.
	Finally, while simulation-based laboratory learning offers several advantages, research also identifies certain problems and factors to consider in its execution. One major concern is that simulations must accurately depict how scientific ideas and procedures work. Simulations that are incorrect or overly simple can lead to misunderstandings and make learning harder. The usefulness of simulations also depends on their integration into the curriculum and on the support of appropriate instructional methodologies. Research indicates that simulations should not fully supplant traditional laboratories but serve as supplementary tools to augment learning experiences. de Jong et al. (2013) assert that optimal learning transpires when simulations are integrated with guided instruction and reflective activities. Another problem is that not all schools have the funds to use simulation-based learning effectively, making technology hard to access. Students may also need some initial coaching to use simulations correctly, especially if they aren't accustomed to digital learning tools. The research shows that the pros of learning in a virtual lab setting outweigh the cons, even with these issues. These insights show how important it is to plan when using interactive simulations to make them more effective. So, more research is needed to determine how best to use these technologies in scientific laboratory instruction.













THE PROBLEM
Statement of the Problem
	The study determined the effectiveness of Physics Education Technology interactive laboratory simulations for science laboratory activities among Grade 12 Science, Technology, Engineering, and Mathematics students of Senior High School UC Main Campus, Cebu City, Philippines, School Year 2024-2026. The findings will serve as the basis of a proposed action plan.
Specifically, the study sought to answer the following questions:
	1. What are the pretest performances of the control and experimental 	groups?
	2. What are the posttest performances of the control and experimental 	groups?
	3. Is there a significant difference in the pretest performances of the 	control and experimental groups?
	4. Is there a significant difference in the posttest performances of the 	control and experimental groups?
	5. Is there a significant difference in the pretest and posttest 	performances of the control and experimental groups?
	6. Based on the results, what action plan can be proposed?

Null Hypotheses
Ho1: There is a significant difference in the pretest performance of the control and experimental groups.
Ho2: There is no significant difference in the posttest performance of the control and experimental group.
Ho3: There is a significant difference between the pretest and posttest performance of the control and experimental groups.
Significance of the study
The study is beneficial to the following entities:
	Science Students. This study will benefit science students by enhancing their understanding of scientific concepts through interactive and engaging simulations. It would be an alternative to traditional laboratory activities, enabling hands-on learning even in resource-constrained settings.
	Science Teachers. Science teachers will benefit from an innovative teaching tool that can help simplify complex concepts, make lessons more engaging, and cater to various learning styles. 
	School Administrators. This study will highlight a cost-effective approach to improving science education, reducing the need for expensive laboratory equipment while maintaining educational quality.
	Department of Education (DepEd). The study will serve as a tool to DepEd in improving the national educational curriculum by recommending options to the new and old DepEd teachers handling laboratory subjects on how they will deliver their activities and in integrating technology into the curriculum to promote 21st-century skills and improve science literacy among students.
	Researcher. As a laboratory supervisor and a part-time science teacher committed to ensuring the high quality of education of the UC Main Senior High School Department, this will help the researcher practice an alternative approach to science laboratory activities by integrating technology.
	Future Researchers. The study is helpful as a reference and basis for other researchers studying laboratory-related research in the future.

RESEARCH METHODOLOGY
Research Design
	The study used a quasi-experimental design with a pretest-posttest control group. The experimental group received a combination of virtual and on-site science laboratory sessions, while the control group followed traditional on-site laboratory sessions.
	· Pretest performance of the control and experimental groups

· Posttest performance of the control and experimental groups


	· Quasi-experimental method

· Gathering of Data

· Processing of Data

· Analysis and Interpretation of Data




	



· Proposed Action Plan
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Figure 1
Flow of the Research

Research Environment
	The study was conducted at the University of Cebu Main Campus Senior High School Department Laboratories at J. Alcantara Street, Sambag 1, Cebu City, Philippines. The school is owned and run by Atty. Augusto W. Go.
	The University of Cebu Main Campus Senior High School Department offers various academic, technical, vocational, and arts and design tracks. For the Technical-Vocational Track, the school provides the following strands: Cookery, Travel and Service, Information Technology, and Computer Programming. The Academic Track offers the following strands: Science, Technology, Engineering and Mathematics, Accountancy, Business and Management, General Academic Strand, Humanities and Social Science. 
	The school have laboratories for the Science, Technology, Engineering, and Mathematics strand: physics, chemistry, and biology. The laboratories are equipped with different apparatus and chemicals needed for any laboratory-related activity in science subjects. 
	The science laboratories are located on the 6th floor of the building. They have tools and equipment to aid in instructional services in the senior high school department. The facility is composed of a physics laboratory, a biology laboratory, and a chemistry laboratory, with a laboratory supervisor who caters to the needs of both teachers and students in every laboratory schedule. The school has a library with magazines, books, research, printed manuals, and access to the Internet and computers. (Refer to Appendix C for the location map).
Research Subjects
	This study had 30 students in the experimental group and 30 in the control group, purposively selected from Grade 12 STEM 4P (experimental group) and Grade 12 STEM 1A (control group). The participants were grouped based on their gender, age, and third-quarter grades in General Physics 2, as shown in Table 1.
Table 1
Matching of Research Subjects
	CRONTROL GROUP
	EXPERIMENTAL GROUP
	AGE
	GENDER
	3RD QUARTER GRADE 

	Student 1C
	Student 1E
	17
	M
	91-95

	Student 2C
	Student 2E
	17
	M
	86-90

	Student 3C
	Student 3E
	17
	M
	86-90

	Student 4C
	Student 4E
	17
	M
	86-90

	Student 5C
	Student 5E
	17
	M
	81-85

	Student 6C
	Student 6E
	17
	M
	81-85

	Student 7C
	Student 7E
	17
	M
	81-85

	Student 8C
	Student 8E
	17
	M
	81-85

	Student 9C
	Student 9E
	17
	M
	81-85

	Student 10C
	Student 10E
	17
	M
	81-85

	Student 11C
	Student 11E
	17
	M
	81-85

	Student 12C
	Student 12E
	18
	F
	81-85

	Student 13C
	Student 13E
	18
	F
	75-80

	Student 14C
	Student 14E
	18
	F
	75-80

	Student 15C
	Student 15E
	19
	M
	75-80



	Table 1 indicates the matching of the research subjects of the study.
	The table showed that the participants were matched and grouped according to their age, gender, and third-quarter grade in General Physics 2. The table indicated that the control and experimental groups had equal numbers of participants. There were 15 student representatives from each gender. The research participants were 17, 18, and 19 years old.
The scores in the pretest and posttest are interpreted using the following ranges. 
	SCORE RANGES		INTERPRETATION	DESCRIPTION
	31 – 40			Very Good			Very Effective
	21 – 30 			Good				Effective
	11 – 20			Fair				Less Effective
	0 – 10 			Poor				Not Effective

The reliability was tested and analyzed with a 0.8784 reliability calculation using Cronbach's Alpha. The data was gathered, recorded, tabulated, and analyzed. 


Research Instrument
	The researcher developed a 40-item multiple-choice test to assess the students' understanding of the selected topics in General Physics 2. The test instrument was validated by teachers teaching General Physics and in making TOS for at least to ensure its content validity, clarity, and alignment with the intended learning competencies. The test items were constructed based on the lessons and competencies prescribed in the K–12 Department of Education (DepEd) curriculum for General Physics 2, specifically covering the third-quarter topics of electric charge, Coulomb's law, electric field, and electric flux.
	Prior to its administration, the research instrument underwent pilot testing among students from another section who were not included in either the control group or the experimental group. The pilot testing was conducted to determine the reliability, clarity, and appropriateness of the test items and to identify necessary revisions before the actual implementation of the study.
To determine the level of student performance and evaluate the effectiveness of the Physical Education Technology Interactive Simulations, the pretest and posttest scores were categorized into four performance levels. Scores ranging from 31 to 40 were interpreted as Very Good, indicating that the Physical Education Technology Interactive Simulations were very effective in facilitating the mastery of the lesson objectives. Scores between 21 and 30 were classified as Good, suggesting that the intervention was effective in enhancing students' understanding of the concepts. Scores ranging from 11 to 20 were interpreted as Fair, indicating that the intervention was less effective in improving students' mastery of the lesson objectives. Lastly, scores from 0 to 10 were classified as Poor, signifying that the intervention was not effective in improving students' learning outcomes. These classifications served as the basis for interpreting the students' performance in both the pretest and posttest and for determining the overall effectiveness of the intervention.
Research Procedure
	This section refers to the presented data gathering methods and statistical treatment.
	Gathering of Data. The researcher submitted an approval letter to the University of Cebu Main Campus Senior High School Department principal, indicating an intent to conduct a research study. Upon the approval, the researcher conducted a pilot testing using the 40-item multiple-choice question. This was conducted at the same campus and participated by a separate STEM section for pilot testing. The result was interpreted and achieved a Cronbach’s alpha of 0.8784 which would be used for the pretest and posttest of the research study.
	The research subjects were match according to gender, age, and their 3rd quarter grade in General Physics 2. The control and experimental groups were assigned randomly. On that same day, a pretest was administered to both groups. After, the topic was presented to both groups with an application of laboratory activities. The first group, the control group, utilized the traditional laboratory to teach General Physics 2 topics. Thus, the second group, the experimental group, utilized the PhET interactive science laboratory simulation in teaching General Physics 2.
	In teaching the experimental group, after the lecture, the researcher used a 3 set of laptops to allow the students to maneuver PhET Interactive Simulations for the electric charges lesson. Through this, the experimental group were able to perform a live simulation of the transfer of electrons and protons from one material to another using the PhET Interactive Simulation. The subjects were able to see three-dimensional images of the forces of attraction and repulsion. In the simulation, the subjects also saw the movement of the charges.
	In teaching the control group, after the lecture, the control group visited the laboratory. They conducted experiments indicating the presence of charges in each material. The experiment enabled them to visualize the transfer of electrons and protons from one material to another. In the experiment, they were able to see two forces: the attraction and repulsion of the charges.
	Treatment of Data. The scores of the students were gathered once the pretest and posttest of the students have been given. Statistical parameters and formulas will be used to measure and evaluate the scores of the students. These are the following statistical tools:
	Frequency count, Per Cent, Mean, and Standard Deviation served as the statistical tools used in the study. These were utilized to analyze, summarize, and interpret the pretest and posttest scores of both the control and experimental groups. Frequency count measured the number of times a particular value occurred in the data gathered by the researcher. Percentage was derived from the frequency counts and represented the proportion of responses or observations. It was used to compare the control and experimental groups based on the collected data. The mean was computed by summing all the values in the dataset and dividing the total by the number of observations. Standard deviation measured the dispersion of values around the mean and provided information regarding the consistency and variability of the data points within the dataset. 
	The t-test for Independent Samples was used to determine the significant difference between the pretest performances of the difference of the control and experimental groups, and posttest performances of control and experimental group.
	The t-test for Paired Samples for means was used to determine the significance of the difference between the pretest and posttest scores of the control and experimental groups.


DEFINITION OF TERMS
	Control Group. The control group refers to Grade 12 STEM students who do not receive the intervention or treatment being studied. Its purpose is to provide a baseline for comparison with the experimental group, which receives the intervention. 
Effectiveness of PhET Interactive Science Laboratory Simulation. A terminology describes the degree to which a particular intervention, treatment, or action achieves its intended goals or produces the desired outcomes.
	Experimental Group. Refers to the Grade 12 STEM students who receive the intervention or treatment being studied. The students were compared to the control group to determine whether the intervention has any effect. The outcomes are compared to those of the control group to evaluate the effectiveness of the intervention,
	Posttest Performances. Refers to the results or performances of Grade 12 STEM students on a measure or assessment administered after they have been exposed to the intervention or treatment being studied. 
	Pretest Performances.  Refers to the results or performances of Grade 12 STEM students on an assessment before exposed to intervention.
Proposed Action Plan. A plan outlines the specific steps or strategies that will be taken to address a problem or achieve a set of objectives. 



CHAPTER 2
PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA


	This section deals with the presentation, analysis, and interpretation of data gathered from the respondents.
Pretest Performances
	This section presents the pretest performances of the control and experimental groups. Table 2 summarizes the results.
	Table 2
Pretest Performances of the Control and Experimental Groups



	Pretest 
	Control Group
	Experimental Group

	Score Ranges
	Description
	Frequency
	%
	Frequency
	%

	31 - 40
	Very Good
	0
	0.00
	0
	0.00

	21 - 30
	Good
	13
	43.33
	14
	46.67

	11 - 20
	Fair
	17
	56.67
	16
	53.33

	1 - 10
	Poor
	0
	0.00
	0
	0.00

	Total:
	30
	100.00
	30
	100.00

	Mean:
	20.30
	21.00

	Standard Deviation:
	4.82
	5.04



As shown in Table 2, the pretest performances of the control and experimental groups are detailed by score ranges. The most excellent score range for the control group is 11 to 20, which is regarded as fair. There are 17 participants in this range of scores, which is 56.67% of the group. The subsequent range is 21 to 30, which is considered good, and thirteen individuals, or 43.33%, fall into this range. No individuals were in the 31–40 “very good” or 1–10 poor groups. The experimental group's most excellent score range was also 11–20, considered reasonable, with 16 individuals, or 53.33% of the group. The subsequent range, which is 21 to 30 and has 14 individuals (46.67%), is designated as good. None scored in the 31–40 very good or 1–10 poor ranges, just like in the control group. These data suggest that both groups carried out about the same before any experimental intervention, with most participants falling into the fair and reasonable categories. This similarity gives us a good starting point for comparing how the experimental intervention affected later performance assessments.
	This is an essential step in figuring out if the intervention worked because it makes it more probable that any changes in performance after the assessment are due to the experimental treatment rather than differences in what the students already knew. There were not many persons in either the very good (31–40) or poor (1–10) groups, which suggests that both groups had equal levels of academic success before the intervention was offered. Dimitrov et al. (2021) claimed that there needs to be a clear starting point to evaluate the effects of educational tools and programs properly. This aligns with what they said. The pretest results for both groups were the same. This means that the same procedures were probably employed in prior research to see how things like simulations affect students. Additionally, he stated that the experimental and control groups should be the same from the beginning for comparisons to be valid. This strengthens the conclusion of the study. Because the pretest scores were identical, it is plausible to conclude that any variations in performance after the intervention were related to the experimental circumstances and not to differences in prior knowledge.
Posttest Performances
	This section presents the posttest performances of the control and experimental groups. Table 3 summarizes the results.
	Table 3
Posttest Performances of the Control and Experimental Groups
 

	
	

	Posttest
	Control Group
	Experimental Group
	

	Score Ranges
	Description
	Frequency
	%
	Frequency
	%
	

	31 - 40
	Very Good
	10
	33.33
	24
	80.00
	

	21 - 30
	Good
	20
	66.67
	6
	20.00
	

	11 - 20
	Fair
	0
	0.00
	0
	0.00
	

	1 - 10
	Poor
	0
	0.00
	0
	0.00
	

	Total:
	30
	100.00
	30
	100.00
	

	Mean:
	29.67
	33.70
	

	Standard Deviation:
	2.89
	2.91
	



As shown in Table 3, the posttest performances of the control and experimental groups are detailed according to score ranges. For the control group, the highest score range is 21 - 30, described as good, with 20 participants, accounting for 66.67% of the group. The next range is 31 - 40, described as very good, with 10 participants, making up 33.33%. No participants are in the 11 - 20 fair or 1 - 10 poor ranges. In the experimental group, the highest score range is 31 - 40, described as very good, with 24 participants, or 80.00% of the group. The following range is 21 - 30, described as good, with 6 participants, representing 20.00%. Similar to the control group, there are no participants in the 11 - 20 fair or 1 - 10 poor ranges. These results imply that the experimental group showed a significant improvement compared to the control group, with a much higher percentage of participants achieving perfect scores. This suggests that the intervention applied to the experimental group effectively enhanced their performance.
	This finding is supported by other studies that investigated how effectively simulation-based instructional tools work. For instance, Wieman et al. (2020) showed that simulations were very helpful in helping students do better, especially in STEM courses involving abstract ideas. Their research showed that interactive tools helped pupils to understand and visualize complex scientific processes, and do better academically. Azizi et al. (2022) showed that simulation-based therapies, such as PhET simulations, increased students' understanding of complicated ideas compared to traditional teaching strategies, resulting in higher exam scores.
	Zhao et al. (2023) also explored the effect of PhET simulations on students' grades. And when we did so, they arrived at the same conclusion which is that the simulations helped students better understand physics subjects. The researchers discovered that the interactive simulations kept students engaged and improved their problem-solving skills, resulting in higher scores on exams. The findings of this study are comparable to those of the present study, where the experimental group performed much better than the control group in the posttest.
The improvement of the experimental group is likewise in line with the findings of Garcia and Lapp (2021). Students who participate in simulations and other interactive learning areas have higher ratings on exams and are more engaged with the subject. Their research supports the idea that simulations provide students with an enjoyable and practical context to apply their knowledge, enhancing their learning.
Difference in the Pretest Performances	
	This section presents the difference in the pretest performances of the control and experimental groups. Table 4 summarizes the results.
	[bookmark: _Hlk169707655]Table 4
Difference in the Pretest Performances of the Control and Experimental Groups
 
	

	
	

	Group 
	Mean
	t-Computed
	t-Critical
	Decision on Ho
	Interpretation
	

	Control
	20.30
	0.550
	2.002
	Failed to Reject Ho
	Not Significant
	

	Experimental
	21.00
	
	
	
	
	



As shown in Table 4, the test of the hypothesis on the difference in the pretest performances between the control and experimental groups is presented. The control group had a mean score of 20.30, while the experimental group scored 21.00. The computed t-value was 0.550, less than the critical t-value of 2.002. Therefore, the null hypothesis (Ho) was not rejected, indicating that the difference in pretest performance between the two groups was insignificant. This finding implies that both groups had similar starting points before any intervention was applied, which is essential for ensuring that differences observed in later tests can be attributed to the intervention rather than pre-existing differences.
This finding of an enormous disparity in pretest scores is an essential part of the study since it shows that the two groups had similar levels of knowledge before the intervention. This kind of equivalency is vital in experimental research because it ensures that any performance disparities that happen later may be linked to the experimental treatment and not to differences that were already there between the groups. This aligns with the best principles of experimental design that groups must be equal at baseline for valid comparison (Dimitrov & Rumrill, 2003). 
Additional support for this finding is provided by the non-rejection of the null hypothesis for the pretest scores, indicating that there was no significant difference between the control and experimental groups prior to the intervention. This suggests that both groups possessed comparable levels of prior knowledge and skills at the outset of the study. Similar findings have been reported in previous intervention studies, where no significant differences were observed between groups at baseline, thereby ensuring that subsequent changes in performance could be more confidently attributed to the treatment rather than to preexisting group differences (Noman et al., 2024). The researchers can think that the improvements were attributable to the experimental settings and not because the people who took the pretest were better at the beginning of the study, since there was not a big difference in scores. Jimerson and Myers (2024) also say that it is necessary to ensure that both groups start at the same level to judge how effectively an intervention works.
Difference of the Pretest and Posttest Performances
	This section presents the differences in the pretest and posttest performances of the control and experimental groups. Table 5 summarizes the results.
Table 5
Difference of the Pretest and Posttest Performances of the Control and Experimental Groups

	Group
	Mean
	t-Computed
	t-Critical
	Decision on
Ho
	Interpretation

	Control
	Pretest
	20.30
	12.469
	2.045
	Reject Ho
	Significant

	
	Posttest
	29.67
	
	
	
	

	Experimental
	Pretest
	21.00
	18.017
	2.045
	Reject Ho
	Significant

	
	Posttest
	33.70
	
	
	
	



Table 5 shows the results of the tests of the differences between the pretest and posttest performances of the control and experimental groups. The control group's mean pretest score is 20.30, and the mean posttest score is 29.67. The computed t-value for this group is 12.469, greater than the critical t-value of 2.045, leading to the rejection of the null hypothesis (Ho). The experimental group's mean pretest score was 21.00, and the mean posttest score was 33.70. The computed t-value for this group was 18.017, also greater than the critical t-value of 2.045, rejecting the null hypothesis. These results imply that both groups significantly improved from the pretest to the posttest. However, the experimental group's higher posttest mean suggests that the intervention substantially impacted their performance more than the control group.
Simonsen et al. (2021) also found that interactive simulations were better for learning science. They discovered that students who used simulations did much better on tasks after the test than students who learned in more traditional ways. They also noted that simulations make learning fun and intriguing, which helps pupils remember and understand complex ideas better. The new study found that the experimental group received the therapy and did better. Patel et al. (2022) did another study to see how digital learning tools affected students' science scores. They found that students who used simulation-based learning platforms, like the ones employed in this study, did much better than students who only had regular classes. They concluded that computer simulations are a better approach to learning about scientific topics that are not concrete. This helps students do better in school. 
Brown et al. (1989) also demonstrated that students learn better when involved in simulations that require hands-on application. According to their study, children who studied through interactive approaches had stronger problem-solving skills and performed better on assessments. This supports the conclusion that the experimental group scored far better on the posttest. 	According to Zhao et al. (2023), abstract scientific concepts can be better understood by students with interactive and simulation-based learning aids. It engages pupils with the topic and helps them do better on assessments. The experimental group had a substantial increase in posttest scores, indicating that these kinds of interactive approaches really help kids learn more. In the end, both the experimental and control groups did substantially better on the posttest than on the pretest. The intervention had a greater benefit for the experimental group. This supports the idea that learning through simulation works. This goes along with other studies that show how well interactive technologies may help kids learn, especially in science classes.
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Difference of the Posttest Performances
	This section presents the difference in the posttest performances of the control and experimental groups. Table 6 summarizes the results.

Table 6
Difference in the Posttest Performances of the Control Groups
 
	

	Posttest
	Mean
	t-Computed
	t-Critical
	Decision on Ho
	Interpretation
	

	Control
	29.67
	5.380
	2.002
	Reject Ho
	Significant
	

	Experimental
	33.70
	
	
	
	
	



As shown in Table 6, the result of the test of the difference in posttest performances between the control and experimental groups is presented. The control group had a mean posttest score of 29.67, while the experimental group had a mean posttest score of 33.70. The computed t-value was 5.380, greater than the critical t-value of 2.002. This result rejected the null hypothesis (Ho), indicating that the difference in posttest performances between the two groups is significant. This finding implies that the experimental group performed significantly better than the control group after the intervention. The intervention positively and substantially improved the performance of the experimental group compared to the control group.
This finding is consistent with other research that has shown students do far better when they use simulation-based learning tools. Briggs et al. (2020) demonstrated that students who utilized interactive simulations had greater scores on assessments following discovery learning than students who learned through more traditional means. They found that simulations increase student attention, which helps them to better understand complicated scientific concepts and perform better on subsequent tests." Likewise, Vazquez et al. (2021) evaluated the effectiveness of digital simulations in scientific classrooms. They found that students who learned with simulations scored much better on posttests than students who learned more traditionally. The authors pointed out that simulations are more effective at helping people. In addition, Garcia and Lapp (2021) emphasized that simulation-based interventions are particularly effective in STEM fields, where abstract concepts can be challenging to visualize. Their research showed that using simulations significantly improved students' ability to apply theoretical knowledge to problem-solving, further supporting the finding that the experimental group in the present study benefited from the intervention.
	A significant difference was observed between the experimental and control groups, suggesting that the use of interactive learning technologies enhanced student engagement and understanding. Simulation-based learning environments provide students with opportunities to actively explore concepts, receive immediate feedback, and learn through experimentation. As a result, students exposed to simulations often demonstrate higher levels of achievement than those taught through traditional instructional approaches. This finding is consistent with previous studies showing that simulation-based instruction can improve academic performance and conceptual understanding compared to conventional classroom methods (Antonio and Castro, 2023).



CHAPTER 3
SUMMARY, FINDINGS, CONCLUSIONS, RECOMMENDATIONS

	This section deals with the study's summary, findings, conclusions, and recommendations.
Summary
This study aimed to evaluate the effectiveness of using an interactive simulation tool as an alternative to traditional laboratory activities. This study utilized a quasi-experimental design to which the experimental group are exposed to the tool Physical Educational Technology interactive simulation and the control group are exposed to traditional laboratory activities. 
Specifically, this study sought to answer the following sub-questions:
1. What are the pretest performances of the control and experimental 	groups?
2. What are the posttest performances of the control and experimental 	groups?
3. Is there a significant difference in the pretest performances of the 	control and experimental groups?
4. Is there a significant difference in the posttest performances of the 	control and experimental groups?
5. Is there a significant difference in the pretest and posttest 	performances of the control and experimental groups?
6. Based on the results, what action plan can be proposed?
Statement of Null Hypothesis
	    The following hypothesis were tested at 0.05 level of significance:
Ho1: There is a significant difference in the pretest performance of the control and experimental groups.
Ho2: There is no significant difference in the posttest performance of the control and experimental group.
Ho3: There is a significant difference between the pretest and posttest performance of the control and experimental groups.
There were 30 students chosen in both the experimental and control groups. The subjects were grouped according to gender, age, and 3rd quarter grade in General Physics 2. The researcher prepared a multiple-choice test question with 40 items. The research instrument was gathered according to the lessons and competencies of the K-12 DepEd curriculum. The lessons for General Physics 2 included the following: electric charge, Coulomb's law, electric field, and electric flux, all part of the 3rd quarter coverage of the students. The scores in the pretest and posttest were interpreted using the appropriate statistical tools.
FINDINGS
The following are the findings of the study:
	1. Both the control and experimental groups showed fair pretest 	performance.
	2. The experimental group exhibited very good while the 	controlled 	showed good in their posttest performance.
	3. There is no significant difference in the pretest performance 	between the control and experimental groups.
	4. Both groups showed significant improvement from pretest to 	posttest.
	5. The experimental group performed significantly better than the 	control group. 
CONCLUSION
This study provided empirical evidence that with the correct pedagogical approach and expertise in content knowledge, an improvement of learning outcomes is possible. The Interactive Science Laboratory Simulation showed a significant level of effectiveness as a tool for science laboratory activities.
RECOMMENDATIONS
Based on the result of the study the following recommendation are proposed:
1. For future researchers in the following topics:
a. Strategic Integration and Management of PhET Interactive Simulations in Science Education: A Mixed-Methods Study on Institutional Performance.
b. Smart Learning Environments: An Experimental Study of AI-Integrated PhET Simulations.
c. Lived Experiences of Inclusive Digital Science Learning: Voices of Filipino Students Using PhET Simulations.
2. Adoption of proposed action plan. 


	






PROPOSED ACTION PLAN
	The main objective is to carefully provide a structure on how to adopt PhET Interactive Science Laboratory Simulation as a tool in science laboratory activities in the educational system through phase implementation with a scheme plan, time frame, budget, evaluation and risk management.
	Indicator (Phase)
	Scheme Implementation
	Time Frame
	Budget
	Evaluation
	Risk Management (Mitigation)

	Phase 1: Implementation

	Curriculum Alignment: Integrating PhET modules into the science syllabus.
	Months 1-3
	Internal Labor Costs
	Completion of a Simulation-Mapped Syllabus.
	Risk: Content overload. Mitigation: Prioritize "difficult" abstract topics first.

	Phase 1: Implementation

	TPACK Training: Professional development for teachers on tech-pedagogy integration.
	Months 2
	PHP 25,000
	Pre/Post-Training Competency Assessment.
	Risk: Teacher resistance to new tech. Mitigation: Highlight ease of use and student engagement benefits.

	Phase 1: Implementation

	Infrastructure Setup: Hardware procurement and software installation (Offline PhET).
	Months 1-2
	PHP 42,000
	100% device readiness and connectivity check.
	Risk: Poor internet. Mitigation: Use PhET desktop/offline app versions.

	Phase 2: Monitoring
	Assessment Cycle: Regular formative and summative testing using rubrics.
	Ongoing
	PHP 10,000
	Statistical analysis of student grade improvement.
	Risk: Assessment fatigue. Mitigation: Use gamified quizzes 

	Indicator (Phase)
	Scheme Implementation
	Time Frame
	Budget
	Evaluation
	Risk Management (Mitigation)

	Phase 2: Monitoring
	Feedback Loops: Gathering qualitative feedback from teachers and students.
	Months 4-8
	Covered by Ops
	Qualitative report on engagement and interest.
	Risk: Biased feedback. Mitigation: Use anonymous digital surveys.

	Phase 2: Monitoring
	Comparative Study: Researching PhET vs. Traditional methods for retention.
	Months 6-10
	PHP 15,000
	Comparison of mean scores and retention rates.
	Risk: Uneven group variables. Mitigation: Ensure randomized student selection for groups.

	Phase 3: Sustainability
	Refinement & Updates: Iterative updates to tool usage based on Phase 2 data.
	Months 10-12
	PHP 25,000
	Updated instructional manuals and guides.
	Risk: Software obsolescence. Mitigation: Schedule annual tech reviews and updates.

	Phase 3: Sustainability
	Institutionalization: Securing long-term funding and professional development.
	Year 2
	PHP 30,000
	Approved annual budget for digital lab maintenance.
	Risk: Budget cuts. Mitigation: Demonstrate ROI (Return on Investment) through student success data.

	Phase 3: Sustainability
	Knowledge Sharing: Disseminating best practices to other organizations/schools.
	Year 2
	PHP 15,000
	Number of partner organizations adopting the model.
	Risk: Lack of interest from peers. Mitigation: Present at regional conferences.
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