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IMPROVING STUDENT CONCEPTUAL UNDERSTANDING ON THE LAW OF INERTIA USING PHYSICS EDUCATION TECHNOLOGY (PhET) INTERACTIVE SIMULATION











ABSTRACT
The action research aimed to assess the challenges experience by in learning the First Law of Motion and whether integrating Physics Education Technology (PhET) Interactive Simulations improves students’ conceptual understanding of the Law of Inertia. The participants were Grade 11 students from General Academic Strand sections, selected through purposive sampling from the entire population. To collect data, an in-depth interview and a standardized test were administered to measure the students’ conceptual understanding of the Law of Inertia. The results showed that the students have difficulty in understanding Law of Inertia due to the lack of real-life examples and engagement in learning. Moreover, the findings showed that, although the students’ test performance was generally poor, both the traditional and PhET-integrated approaches were effective and had the potential to improve conceptual understanding among the students. Furthermore, the resuts indicated that students' conceptual understanding improved significantly more with the use of Phet Interactive Simulations compared to the traditional approach. The researchers highly recommend the utilization and integration of Phet Interactive Simulations in the classroom to enhance students learning by providing concrete simulations and real-life applications.
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INTRODUCTION

The research highllights several challenges students face in learning the law of inertia, which underpins Newton's first law of motion. One of the major difficulties faced by students is conceptual misunderstanding, which primarily rooted from the inability to recognize the connection of inertia with mass (Fadli et al., 2019). Additionally, Supeno et al. (2018) reveals that, even though students are capable of manipulating equations and dealing with unit systems, they face conceptual difficulties like recognizing coordinate axes, drawing free-body diagrams, and understanding vector relationships. These challenges suggest that students frequently lack a functional understanding of fundamental concepts related to forces and motion, including the law of inertia. 
Several studies have examined the underlying causes of student misconceptions in learning the Law of Inertia. Instructional procedures play a significant role in shaping how students learn and perceive inertia. As stressed by Stocklmayer et al. (2012), Newton's laws, of which inertia is a functional element, are a complex topic. They further observe that teachers and students face considerable challenges despite efforts to reform pedagogical practices. One particularly challenging factor is the abstract nature of the definition of inertia. Unlike many other physical phenomena, inertia lacks concrete real-world examples and common scenarios, making it difficult for students to fully comprehend. However, Roemmele and Sederberg (2017) demonstrate hthat everyday experiences—such as being pushed forward in a car seat when the car accelerates—provide valuable opportunities for students to grasp the concept of inertia.
Misconceptions often lead students to identify effects of inertia with unrelated causes, which can hinder their ability to effectively apply these concepts in practical situations (Jannah & Ermawati, 2020).
In the local scenario, teaching Law of Inertia is often overlooked by teachers because the recommended curriculum schedulesandate it for the final weeks of the fourth quarter. As a result, many new learners commonly experience conceptual misunderstanding, which contribute to their low academic performance across various subjects. A study by Liu and Fang (2016) revealed that major misconceptions persist in physics and engineering mechanics education, specifically force and acceleration. Accordingly, for both K-12 and college students the most reported misconception about force is it implies force. Additionally, acceleration is often misunderstood as the direction of motion. The same study has identified factors causing students to have various misconceptions about force and acceleration including preconceived misunderstanding and incomplete or partial understanding (Erfan & Ratu, 2018; Liu & Fang, 2016; Yerdelen-Damar, 2015). 
The abovementioned literatures highlighted the existing crisis on students’ difficulty in understanding the Law of Inertia due to lack of conceptual knowledge, lack of real-world demonstration, and time-constraints. Hence, the researchers recognized the necessity of conducting a study to address the identified gaps in the literature by providing a practical intervention to help students conceptually learn the Law of Inertia. There is a need of employ an intervention that enables students to deeply and fully understand the basic principles of Newton’s First Law of Motion. The researchers recommend the urgent impementation of this study, as the interventio allows studnts to use ICT integrated manipulatives, enabling them to explore how the Law of Inertia operates in real-life scenario.
Theoretical Framework
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]	Realizing that student struggles to conceptually understand the First lLaw of Motion, the researchers began employing a different approach by integrating ICT into Physical Science lessons, particularly focusing on Law of Inertia. Specifically, the researchers utilized PhET Interactive Simulations to help students develop a conceptual understanding of the First Law of Motion. PhET Interactive Simulations are a collection of online simulations developed by the PhET Interactive Simulations project at the University of Colorado Boulder. These simulations provide dynamic, graphical representations of various physics, chemistry, biology, and math concepts, serving as educational tools that enable students to visualize complex phenomena and engage in inquiry-based learning (Khaeruddin & Bancong, 2022).
	The simulations provided by PhET are valuable due to its ability to visualize abstract physical phenomena. As reported by Verawati et al. (2022), utilizing PhET virtual simulations in kinematics has shown a statistically significant positive impact on student learning outcomes compared to traditional methods. This supports the idea that visual aids can help students conceptualize motions and forces more effectively, thereby improving their grasp of physics concepts. Similarly, Jebuni-Adanu et al. (2023) found that PhET simulations significantly enhance student interest in physics, clarify misconceptions, and help learners relate concepts to real-life applications. 
	Moreover, PhET simulations appear to foster higher-order thinking skills. These interactive tools facilitate the understanding of abstract concepts and encourage students to develop analytical and critical thinking abilities (Salame & Makki, 2021). This assertion is reinforced by the study of Sari et al. (2021), which argues that PhET media prompts students to engage in inquiry-based learning, a crucial process for developing higher cognitive skills. By providing scenarios where students can manipulate variables and observe outcomes, these simulations stimulate inquiry and exploration.
Shown in Figure 1 is the conceptual framework of this study. Shown in Figure 1 is the conceptual framework of this study.
				PhET Simulations Integration
Conceptual Understanding of Law of Inertia

Figure 1. Conceptual Framework of the Study
This study investigated the impact of integrating PhET Simulations on students’ conceptual understanding of the Law of Inertia. By integrating PhET simulations, the researchers were able to engage students in meaningful learning experiences, allowing them to develop a deeper conceptual grasp of the Law of Inertia.
Integrating PhET Simulations in classrooms gives students the benefits of virtual simulation, experiential learning, and ICT integration, which collectively contribute to meaningful and effective learning. Research indicates that PhET simulations effectively improve students' conceptual understanding across various STEM subjects, including physics and chemistry. These interactive tools facilitate the visualization of abstract concepts, providing representations that make difficult ideas more accessible and engaging (Lahlali et al., 2023). 
METHOD
Research Respondents
The participants of this action research were Grade 11 students of Heracleo Casco Memorial National High School enrolled during the Second Semester of SY 2024 – 2025. Specifically, three students participated in in-depth interviews while two General Academic Stand (GAS) sections were selected to be part of the study. One class underwent the traditional method of teaching, while the other experience the intervention integrating PhET Simulations. These students were the most appropriate participants for this action research since they were introduced to the concepts of the First Law of Motion during the fourth quarter of the second semester. To ensure uniformity among respondents, the researchers employed purposive sampling. Purposive sampling is used as a nonprobability sampling method to intentionally select respondents based on specific criteria relevant to the objectives of the study (Memon et al., 2024).
The Grade 11 GAS students were purposively selected as participants in the study. Specifically, the first section, which received no intervention, consisted of 43 students, while the group that received the intervention consisted of 38 students. Moreover, only regular students who were able to present signed informed consent forms (ICF) were allowed to participate in the study. Students who have failing grades, have back subjects or advance subjects were not allowed to participate.
Materials and Instrument
	In collecting the necessary data to investigate the effectiveness of integrating PhET Simulations, the researchers utilized guide questions for the first phase of the data collection. For the second phase, the pre-test and post-test from Quarter 2 Module 6: Understanding Newton’s First Law of Motion by Lat (2020), from the Department of Education, were employed. Both the pre-test and post-test consisted of 15 multiple-choice items assessing students’ conceptual understanding of Newton’s First Law Motion.
Design and Procedure
	In realizing the objective of this study, the researchers employed convergent mixed methods design. Mixed methods of research, a complex approach, combines both quantitative and qualitative data within a single study or a series of studies. This design is particularly useful for exploring complex research questions that cannot be fully addresed using only one research approach. Moreover, a mixed methods design is essential for examining relationships between different variables, as such relationships cannot be adequately investigated through a single research design alone (Sharma et al., 2023). For the qualitative phase of this study, three students underwent in-depth interviews. In the quantitative phase, one GAS section was taught using the traditional method, while the other section received the intervention. Furthermore, to analyze the data collected, an independent samples t-test was used to determine the significance of the difference in post-test scores between the two groups. The comparison of these scores indicates the effectiveness of integrating PhET Simulations in improving students' conceptual understanding of the Law of Inertia.
	Moreover, the researcher followed a systematic and rigid procedure in collecting the data for this study. Firstly, a letter of permission to conduct the intervention were submitted to the School Principal and Senior High School Coordinator of Heracleo Casco Memorial National High School. Informed assent forms were given to the participants since all of them are 18 years old above. The parents and students were required to affix their signature to the consent and failure in doing so forfeits their participation in the study. The consent forms were translated into vernacular and read aloud to the participants to ensure full understanding. Additionally, the consent forms were collected after one day to allow ample time for the participants to consider their decisions. Upon receiving approval, the researchers immediately commenced the intervention program.
	Afterwards, the researchers obtained the class schedule of both GAS sections to allow ample preparation of the lesson to be taught. One section was taught using the traditional method, while the other section was taught with the integration of PhET Simulations. 
To examine the efficiency of the intervention, the following data were gathered: (1) pre-test and post-test of the participants from both groups. The test scores served as the basis of the conceptual understanding of the students after learning through traditional method and through the integration of PhET simulations.
	This study adhered to thical guidelines to safeguard the participants. The manuscript was submitted to the school principal and Senior High School coordinator for a comprehensive review of the ethical aspects of the investigation. Strict compliance with the principles of respect for individuals, beneficence, and justice were considered.
RESULTS AND DISCUSSION
This section presented the discussion of the results and reflection after the implementation of PhET Interactive Simulations in improving the student’s conceptual understanding of the Law of Inertia.
Standpoints of the Participants on Challenges in Learning the First Law of Motion

	Using the guide questions, the students were able to express the challenges and difficulty they experience in learning the First Law of Motion. This consisted of a thematic analysis of this research's qualitative data, collected through in-depth interviews. Table 1 shows the focal point on the first column. The second column contains the interview responses' core ideas, combined according to the common essential themes in the third column. In addition, sample responses from the respondents in the in-depth interviews are also presented here.
Table 1
Standpoints of the Participants on Challenges in
Learning the First Law of Motion

	Focal Point
	Core Ideas
	Essential Themes

	Challenges in Learning the First Law of Motion
	This topic is hard to understand because we can't see it.

The examples are very abstract.
	Lack of Real-Life Examples

	
	I get tired of listening because it's all discussion.

It is boring sometimes, so I do not listen anymore.

I do not like it because there are no activities.
	Lack of Engagement or Interest



Lack of Real-Life Examples or Visual Aids. The participants claimed that they are having difficulty understanding the law of inertia since the concept is too abstract and they are not able to do activities that can show them how it looks in a real scenario. These responses on the lack of real-world examples appear in the interview responses 1 and 2. Below are the sample responses:
“Ang kani na topic ma’am kay lisod siya sabton kay dili namo makita unya wala sad mi example mabuhat.” – IDIP2

Ma'am, this topic is hard to understand because we can't see it and we also don't have any examples we can do.
	The participants have a common theme regarding the lack of real-life examples which makes understanding the Law of Inertia difficult for them. This supports Langi (2024) who emphasized the critical role of real-life applications in understanding fundamental physics concepts, particularly in relation to Newton's laws of motion. He further highlighted that students often struggle with low learning outcomes due to a lack of connection between theoretical concepts and real-world scenarios.
	Lack of Engagement or Interest. This essential theme emerged from the responses of all the participants. Based on interview responses, their class in the first law of motion often gets boring since it is mostly a lecture and only few activities are done. Here are the sample responses:
“Kapuyan ko maminaw kay puro discussion.” – IDIP1

I get tired of listening because it's all discussion.
	The essential themes reflected the difficulty and challenges faced by students in learning the First Law of Motion. Mainly, their difficulty is due to lack of concrete examples and activities that may engage them, hence it is necessary for students to work on something they can see and manipulate to be able to learn the topic completely. This finding corroborates with the results of Hai et al. (2023) who highlighted students' tendencies to focus solely on quantitative problem-solving in physics while neglecting conceptual understanding and real-world applications. Accordingly, the lack of engagement with more complex, real-life applications directly correlates to a superficial understanding of fundamental physics concepts, including the Law of Inertia. Students demonstrated a minimal deep understanding of the core competencies required for effective problem-solving, suggesting that their engagement is limited to procedural tasks rather than meaningful explorations of underlying physical principles.
	The initial findings of the current study urged the researchers to implement an intervention to help identify and address students’ challenges in understanding Law of Inertia. This allowed immediate and actionable change which focused on improving students’ conceptual understanding among students.
Pre-Test Scores of the Grade 11 GAS Students
	Prior to the implementation of the intervention, both groups of students undergone a pre-test assessing their background knowledge regarding the first law of motion. Table 2 showed the mean score of the students during the pre-test.
Table 2
Mean Score of Students’ Pre-test
	Type of Test
	Mean
	Standard Deviation
	Performance Level (%)

	Group without intervention
	8.65
	2.18
	57.67

	Group with intervention
	7.50
	2.06
	50.00



	It was revealed that during the pre-test, the first group got a mean score of 8.65 while the second group obtained a mean score of 7.50. Both groups performed poorly as seen by their performance barely reaching 50 percent. This implies that the students do not possess yet the knowledge and conceptual understanding about the topic Law of Inertia.
	Further, an independent sample t-test was performed to determine any significance difference on the performance level of the students in both groups set at α = 0.05 level of significance. As shown in Table 3, it was revealed that although both groups had poor performance, the first group (M = 8.65) have significantly higher performance than the second group (M = 7.50) as indicated by the p-value of (0.017). This implies that the prior to the introduction of the new topic, the first group had a better conceptual understanding of the first law of motion than the second group.
Table 3
Significance of the Difference Between the Pre-test Scores of Groups Without and with Intervention Prior to the Introduction of New Topic

	[bookmark: _Hlk185348107]
Factor
	Group
	t
	p-value
	Decision
on Ho

	
	Without intervention
	With intervention
	Total
	
	
	

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	
	

	Pre-test
	8.65
	2.18
	7.50
	2.06
	8.11
	2.19
	2.43
	.017
	Reject



Post-Test Scores of the Grade 11 GAS Students
	After conducting a class on the Law of Inertia, the researchers administered a post-test to assess the conceptual understanding of students who received the intervention and those who did noy. Table 4 shows the post-test scores of the students, revealing that the group taught using the traditional method had a mean score of 10.16, while the group that received the intervention had a mean score of 11.45. Clearly, both groups demonstrated improved performance, implying that both teaching methods helped students build their conceptual understanding of the Law of Inertia.
Table 4
Mean Score of Students’ Post-test
	Type of Test
	Mean
	Standard Deviation
	Performance Level (%)

	Group without intervention
	10.16
	2.63
	67.67

	Group with intervention
	11.45
	2.15
	76.33



To further confirm the effectiveness of PhET Simulations, an independent sample t-test was employed to determine the significance of the difference between the post-test scores of students who received the intervention and those who did not. As shown in Table 5, the mean score of the group that received the intervention (M = 11.45) is significantly higher than that of the group that did not receive the intervention (M = 10.16), as indicated by the p-value  of 0.018. This implies that integrating PhET Simulations in teaching the law of inertia did not only improve the conceptual understanding of 

Table 5
Significance of the Difference Between the Post-test Scores of Groups Without and with Intervention After the Introduction of New Topic

	
Factor
	Group
	t
	p-value
	Decision
on Ho

	
	Without intervention
	With intervention
	Total
	
	
	

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	
	

	Post-test
	10.16
	2.62
	11.45
	2.15
	10.77
	2.49
	-2.42
	.018
	Reject



students but also had an advantage over the traditional method of teaching. This finding confirms the notion raised by numerous research and theories. As emphasized by Verawati et al. (2022), utilizing PhET virtual simulations in kinematics has shown a statistically significant positive impact on student learning outcomes compared to traditional methods. In addition, Jebuni-Adanu et al. (2023) found that PhET simulations significantly clarify misconceptions and help learners relate concepts to real-life applications. As Wancham et al. (2023) argued, it is critical that students learn the first law of motion, with the realization that misconceptions about force and laws of motion constrain students' performance in understanding mechanics and physics.
CONCLUSION
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]	The findings from the qualitative phase of the study indicate that the students face difficulty in understanding the topic due to the absence of real life examples and engaging activities in the classroom. This implies that their learning can be improved by involving them to more real-life activities and simulations related to the First Law of Motion.
	Moreover, the findings of the current study suggest that both traditional method and ICT integration strategies helped students develop conceptual understanding of the First Law of Motion. This highlights that teaching methods and strategies are not the only underlying factor which could impact student learning. 
	Furthermore, the integration of PhET Interactive Simulation in classroom offers significant advantages over traditional teaching methods. Through this integration, students developed deeper conceptual understanding of the First Law of Motion.
Lastly, the findings suggest that integrating different ICT-based simulations and manipulatives in physics classes enhances students’ conceptual understanding. These interactive tools facilitate the visualization of abstract concepts by providing representations that make difficult ideas more accessible and engaging. Utilizing this strategy benefits not only teachers but, more importantly, students, as the simulations offer student-friendly and engaging activities that promote effective learning.
RECOMMENDATION
	It is recommended that educators combine traditional teaching methods with ICT-based strategies, such as simulations and interactive tools, to enhance students’ conceptual understanding of physics concepts. While teaching methods play a crucial role, this study suggests that other factors also influence learning outcomes, emphasizing the need for a more holistic instructional approach.
Specifically, integrating tools like PhET Interactive Simulations into physics lessons can significantly improve students’ understanding by making abstract concepts more visual and engaging. Teachers should incorporate a variety of digital simulations and manipulatives to support active learning and better concept retention.
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APPENDICES


APPENDIX A
Guide Questions

Research Question: What are the challenges faced by students in learning the First Law of Motion?
Guide Questions: 
1. Do you consider learning the Law of Inertia difficult? Why?
2. What do you think makes the topic difficult?
3. In the classroom, how does your teacher teach you about the topic?
4. What makes learning the topic difficult for you?
5. What do you think can be improved for you to learn the topic better?




APPENDIX B
Pre-Test and Post-Test
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APPENDIX C
Data Analysis Result


Pre-Test
Descriptives
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Post-Test
Descriptives
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APPENDIX D
Informed Consent Form
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a

What I Know

Choose the letter of the correct answer. Write the chosen letter on a separate sheet
of paper.

1. Aforce s defined as
a. A push only
b. Apull only
e Apushora pull
d. None of the above

2. What unit do scientists use to measure force?
a. Newton
b. Grams
e Meters
d. Meter per second per second
3. When you slide a toy car across the floor, what force must your push be
stronger than?
a. Support force
b. Friction force
e Gravity
d. Air resistance

4. A picce of paper is at rest on your desk. Which of the following statements
Best describes this sifuation?
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a. There are no forces acting on the paper.
b. The paper pushes on the desk oxnly.
c. The desk pushes on the paper only.
d. The forces acting on the paper are balanced.

5. Which force always pulls downward on objects?
a. Support force
b. Friction force
e Gravity
d. Air resistance

6. A change to an objects motion is caused by.
a. Balanced forces
b. Unbalanced forces
e. Acceleration
d. Velocity
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7. When a balloon held between the hands is pressed, its shape changes. This
‘happens because:
a. Balanced forces act on the balloon
b. Unbalanced forces act on the balloon
c. Frictional forces act on the balloon
d. Gravitational force acts on the balloon
8. A force that opposes motion between two surfaces that are in contact is
called
a. friction
b. motion
c. velocity
d. acceleration
9. What is the common unbalanced force acting on an object in motion?
a.inertia
b. acceleration
c. friction
d. speed
10.Which of the following balls has the greatest inertia?
a. ping pong ball
b. a soccer ball
c. a tennis ball
d. a bowling ball
11.The inertia of an object s related to its
‘mass and speed
‘mass and force
‘mass only
speed only

aooe

12. The amount of matter in an object is called its
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14. Which of the following terms is most often used by a physicist when
describing the motion of an object that includes both its speed and direction: a.
momentum

b. distance

c. velocity

d.rate

15. The greater the mass of an object,

. the casier the object starts moving.

b. the more balanced it s

c. the greater its inertia

d. the more space it takes up
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Scores
95% Canfidence Interval for
Mean
N Mean  Std.Deviation _ Std.Eror  LowerBound  UpperBound  Minimum _ Maximum
without intervention 43 868 2181 333 7.08 9.32 5 12
with intervention 38 7.50 2083 338 682 818 4 10
Total 8t 811 2191 243 783 8580 4 12
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Descriptives

Scores
95% Canfidence Interval for
Mean
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Levene's Testfor Equality of

Independent Samples Test

Variances ttestfor Equaliy of Means
95% Confidence Interval of the
Mean std. Error Difiersnce
F sig t o Sig.(aled)  Difference Difference Lower Upper
Scores  Equal variances 562 456 2388 79 019 1285 538 2355 214
assumed
Equal variances not 2417 78575 018 1285 531 2342 221

assumed
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PAGTUGOT

Ako inahan/amahan. ni nag edad ug
lumulopye. sa Sudvante sa Heradeo Casco
Memorial National High School, nagalugor s2 akeng anak 093 mamahimeng isa s3 mga
parfisipante sa ACTION RESEARCH 53 ilang maesia nga si Rulimar Ven R. Sargade sa
subiek nga Physical Science.

Ako usab gapamateed nga hilabihang nahibale sa pagahimeong, prosese sa ilang maestro arun

mas |abaw nga makat-on akeng anak s2 ilang Klase mahitunged sa hilisgutan Law of Inertia s3
school year 2024-2025.

Ako pipima, karung - petsa. sa bulan sa tuig did s

Pima. ibabaw. 53 ngalan:




