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Abstract 

Force and Motion is among the difficult topics for students to learn in Physics because of the abstract 

concepts and the ability for the students to visualize the concepts. Computer simulations could be a 

solution for the students to learn this topic to help the students to visualize the concepts. Therefore, this 

study aims to evaluate the effectiveness of computer simulations in enhancing students’ conceptual 

mastery of force and motion. The study was conducted in response to low student achievement in 

physics, particularly when traditional teaching methods are used. A quasi-experimental design with a 

one-group pretest-posttest model was implemented, involving 37 students from two secondary schools 

in Malaysia. The intervention involved simulation-based lessons using PhET tools. Data were collected 

using a test with 11 multiple choice items and analysed using descriptive statistics and a paired-sample 

t-test. The findings revealed a significant improvement in students’ post-test scores (M = 76.66%) 

compared to their pre-test scores (M = 32.68%), with a statistical significance of p < .001. The result 

indicates that simulation-based instruction effectively enhances students’ understanding of abstract 

physics concepts and supports the goals of Malaysia’s Digital Education Policy in integrating 

technology into physics education. 
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INTRODUCTION  

The Malaysian Ministry of Education’s Digital Education Policy aims to transform the 

educational landscape by integrating technology into learning processes across all levels [1]. 

In physics education, traditional methods have often failed to help students apply abstract 

concepts such as force and motion in real-world contexts [2]. Research [3,4] has shown that 

students frequently have misconceptions and low achievement in physics, particularly 

regarding Newtonian mechanics. To address this, computer simulations offer interactive 

environments where students can visualize dynamic processes, manipulate variables, and 

conduct virtual experiments safely and efficiently [5]. 

However, studies [6-8] report mixed findings: some indicate simulations significantly 

enhance conceptual understanding, while others [9-11] find little difference compared to 

traditional approaches unless combined with effective teaching strategies. This study focuses 

on assessing the effectiveness of simulation-based learning for improving mastery of force 

and motion concepts among Form Four students (16 years old) in Kulai, Johor, Malaysia. 

The objectives of this research are to identify students’ conceptual mastery before and after 

using computer simulations, and to determine whether a significant difference exists between 

before and after the use of the computer simulations in their mastery of the concepts. This 

research is significant because it provides evidence to guide physics educators in adopting 

digital tools effectively, supporting Malaysia’s educational transformation agenda. 

 

LITERATURE REVIEW 

2.1 Force and Motion Concepts  

Many studies [2,3,4,12,13] have examined students’ understanding of force and motion 

concepts, which are among the most fundamental yet challenging topics in physics. 

Misconceptions often begin in childhood and persist into secondary education, resulting in 

low mastery and fragmented knowledge structures [3,4]. In Malaysia, studies using 

instruments such as the Force Concept Inventory (FCI) and adapted assessments have shown 

that students struggle to apply Newtonian mechanics to explain everyday phenomena 

[12,13]. 

2.2 Computer Simulations in Learning Physics  

Computer simulations have emerged as promising tools to address these issues by 

providing interactive and visual learning environments. Research shows that computer-based 

simulations, including PhET and Easy JavaScript Simulations (EJSS), significantly improve 

students’ conceptual understanding, motivation, and engagement when integrated with 

effective pedagogy [5-6]. For example, Warneri et al. [7] demonstrated that PhET 

simulations combined with inquiry-based learning led to significant gains in physics 

achievement. Other studies have reported that simulations facilitate active exploration of 

variables, visual representation of dynamic processes, and the development of higher-order 

thinking skills [8-9]. 

Nevertheless, some researchers emphasize that simulations alone are not sufficient to 

achieve conceptual change. Their effectiveness depends on instructional design, scaffolding, 

and opportunities for reflection [10-11]. Simulation-supported lessons require clear guidance 

to help students construct scientifically accurate mental models [12]. 

This study applies interactive simulations (PhET) alongside appropriate teaching 

strategies to investigate whether they can enhance Malaysian secondary students’ conceptual 

mastery of force and motion. 
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RESEARCH METHOD  

This study employed a quasi-experimental design, specifically a one-group pretest-

posttest model, to measure students’ conceptual mastery before and after the use of computer 

simulations in learning the topic of force and motion [1-5]. This approach involved 

administering a pretest to assess baseline knowledge, delivering an instructional intervention 

using PhET simulations, and then conducting a posttest to measure learning gains. 

The population comprised Form Four secondary school students in Kulai District, 

Malaysia (N=640). The sample included 37 students purposively selected from one intact 

class due to logistical constraints [3-5]. This sampling method was appropriate because it 

focused on a relevant subgroup that had previously demonstrated low achievement in 

physics. 

The intervention was implemented over a two-hour session consisting of: 

1. Pretest administration (30 minutes), 

2. Simulation-based instruction (60 minutes), and 

3. Posttest administration (30 minutes). 

The instruction utilized PhET simulations featuring dynamic visualization, adjustable 

variables, interactive controls, and embedded audio-visual explanations. A simulation-

assisted class was conducted for 2 hours involving 30 Form 4 students. The contents of the 

Daily Lesson Plan can be referred to in Table 1. The lesson plan covers the entire 2-hour 

class session conducted at the respective school, including the pre-test, post-test, and 

simulation-based teaching. It outlines how the class will be conducted, starting from the 

induction set, followed by the teaching and assessment sessions. 

Table 1: Content of Lesson Plan  

Component Content Simulation Features 

Used 

Key Terms 

Introduction 

(10 min) 

Demonstration of collision between 

two objects using PhET. Students 

observe changes after the collision. 

Audio & Visual 

(Collision sounds and 

animations) 

Momentum, 

collision, force, 

change in velocity 

Concept 

Exploration 

(15 min) 

Students vary the mass and velocity 

of objects to see the effects on 

momentum. 

Adjustable Variables 

(Mass & velocity can 

be modified) 

Momentum = Mass 

x Velocity  

Types of 

Collisions (15 

min) 

Students test elastic and inelastic 

collisions and compare momentum 

before and after. 

Interactive Buttons 

(Choose collision 

types) 

Elastic collision, 

inelastic collision, 

conservation of 

momentum 

Measurement 

& Analysis 

(10 min) 

Students use digital meters & 

graphs in the simulation to analyze 

momentum before and after the 

collision. 

Measurement Meters 

(Digital data, graphs, 

bar charts) 

Conservation of 

momentum, data 

analysis, momentum 

graphs 

Closure (10 

min) 

Students summarize concepts and 

relate them to real-life situations 

such as road accidents. Teacher 

conducts a quiz and assigns 

homework. 

Full simulation 

control (Students can 

repeat the experiment 

at home) 

Impulse, applications 

of momentum in real 

life 

Haris Suhendar

Haris Suhendar

Haris Suhendar
Joint Prosiding IPS dan Seminar Nasional Fisika 

Haris Suhendar
Volume XIV, Januari 2026

Haris Suhendar
p-ISSN: 2339-0654
e-ISSN: 2476-9398



 

The test was an adapted assessment developed by Liu et al. [6], consisting of 11 multiple-

choice questions covering three key concepts: conservation of momentum, impulse-

momentum theorem, and Newton’s third law. It is shown in Table 2 below; 

 

Table 2: Construction of Questions 

Konsep Utama Konteks Soalan 

Keabadian Momentum Pelanggaran Q4, Q9, Q10 
 

Daya bersih bukan sifar Q2, Q8 

Teorem Impuls-momentum Geseran Q5, Q6 
 

Letupan Q7 

Hukum Newton Ketiga Pelanggaran Q1, Q3, Q11 

 

The instrument’s content validity was established through expert review [7], and 

reliability was assessed using Kuder-Richardson Formula 20 (KR-20), achieving an 

acceptable internal consistency coefficient [8].  The value for Alpha Cronbach for KR-20 is 

0.814. 

The data analysis included: 

1. Descriptive statistics to summarize pretest and posttest scores, 

2. Paired-sample t-tests to determine significant differences in performance, and 

3. A Confidence Response Index (CRI) matrix to detect misconceptions based on 

correctness and confidence levels [9]. 

RESULTS  

This section presents the findings of the study, which aimed to evaluate the effectiveness 

of simulation-based learning in improving students’ conceptual mastery of force and motion. 

A total of 37 Form Four physics students participated in the study. Data were analysed using 

descriptive and inferential statistics via Statistical Package for the Social Sciences (SPSS) 

version 29. Of the respondents, 73% were female (n=27) and 27% male (n=10), from two 

secondary schools in Kulai District. 

4.1 Pretest Results 

Referring to Table 3, prior to the intervention, students’ mastery was generally low. The 

mean pretest score was 32.68% (SD = 22.91), categorised as “low.” Detailed analysis per 

item indicated that most questions were answered correctly by fewer than 50% of students, 

suggesting difficulties in understanding fundamental physics concepts through traditional 

instruction. 

4.2 Posttest Results 

After the simulation-based intervention, students’ performance improved significantly. 

The mean posttest score rose to 76.66% (SD = 13.98), categorised as “high.” Seven out of 

eleven test items reached “very high” mastery levels (>80% correct responses), while the 

remaining items were classified as “high,” except one item rated as “moderate.” 
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Table 3: Pre-test and Post-test Mean score with Level of Mastery 

Item Pre-test Post-test Difference 

Mean score Level Mean 

score 

Level 

 

1 51.0 Moderate  92.0 Very High +41.0 

2 24.0 Low 95.0 Very High +71.0 

3 19.0 Very Low 68.0 High +49.0 

4 51.0 Moderate 70.0 High +19.0 

5 11.0 Very Low 49.0 Moderate +38.0 

6 22.0 Low 68.0 High +46.0 

7 14.0 Very Low 65.0 Very High +51.0 

8 16.0 Very Low 86.0 Very High +70.0 

9 59.0 Moderate 92.0 Very High +33.0 

10 49.0 Moderate 78.0 High +29.0 

11 43.0 Moderate 81.0 Very High +38.0 

Average 32.64 Low 76.73 Very High +44.09 

 

4.3 Comparison of Pretest and Posttest 

The paired-sample t-test revealed a statistically significant improvement in students’ 

conceptual understanding (t(36) = -15.919, p < .001). The average score increased by 

approximately 44 percentage points, and the standard deviation decreased, indicating 

consistent improvements across respondents. 

DISCUSSION AND IMPLICATIONS 

This study investigated the effectiveness of computer simulations in improving students’ 

conceptual mastery of force and motion among Form Four physics students. The findings 

demonstrated a significant improvement in students’ understanding after the simulation-

based intervention, as evidenced by the increase in post-test scores compared to pre-test 

scores. These results align with previous research indicating that interactive simulations 

enhance comprehension of abstract physics concepts [6-8]. 

The pre-intervention results revealed that many students struggled with fundamental 

principles such as conservation of momentum and Newton’s laws, consistent with 
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constructivist theories asserting that learning requires active engagement and meaningful 

experiences [3]. Traditional instruction alone was insufficient to support deep conceptual 

change, confirming findings by Nogueira et al. [4] and Josey [5]. 

Following the simulation intervention, students exhibited higher levels of mastery and 

confidence, with mean scores shifting from “low” to “high.” This supports the Visual 

Learning Theory, which posits that dynamic visual representations can make abstract 

concepts more accessible and memorable [6]. Simulations allowed students to manipulate 

variables, test hypotheses, and observe the consequences of their actions in a controlled 

virtual environment, fostering critical thinking and inquiry skills [7]. 

5.1 Implications for Practice 

Based on these results, it is recommended that physics instruction in Malaysian secondary 

schools integrate interactive simulations such as PhET into regular teaching practice. 

Simulations have been shown to not only improve academic performance but also increase 

motivation, engagement, and positive attitudes toward learning physics [8][9]. Teachers 

should receive targeted professional development to effectively incorporate simulation tools 

into lessons, while schools and the Ministry of Education should invest in technological 

infrastructure to support widespread implementation. Incorporating simulations aligns with 

21st-century learning goals and helps students build lasting scientific understanding beyond 

rote memorization. 

Overall, this study reinforces the role of computer simulations as a powerful instructional 

strategy to transform abstract science content into engaging, inquiry-driven learning 

experiences that promote higher-order thinking and conceptual mastery. 

 

 CONCLUSION 

This study investigated the effectiveness of computer simulations in enhancing Form Four 

students’ conceptual understanding of force and motion in physics. The results showed a 

statistically significant improvement in post-test scores after students engaged with 

simulation-based learning, compared to their pre-test performance. The mean score increased 

from 32.64% (Low) to 76.73% (Very High), with consistent gains across all test items. This 

supports the view that abstract physics concepts can be more effectively taught through 

interactive, visual simulations than through traditional methods alone. 

The findings align with constructivist learning theory, which emphasizes the importance 

of active engagement and experiential learning. Tools such as PhET simulations enabled 

students to manipulate variables, observe real-time effects, and construct their own 

understanding of dynamic physics phenomena like momentum and collisions. The improved 

mastery levels suggest that simulations are not only effective in knowledge acquisition but 

also in fostering deeper conceptual change and problem-solving abilities. 

In line with previous research [1–4], this study confirms that computer simulations can 

serve as a valuable pedagogical tool for improving learning outcomes in physics education. 

As Malaysia continues to implement its Digital Education Policy, integrating simulation-

based instruction into science curricula offers a promising path to raising student 

achievement and engagement in STEM subjects. 

Haris Suhendar

Haris Suhendar

Haris Suhendar
Joint Prosiding IPS dan Seminar Nasional Fisika 

Haris Suhendar
Volume XIV, Januari 2026

Haris Suhendar
p-ISSN: 2339-0654
e-ISSN: 2476-9398



 

REFERENCES  

[1] Ministry of Education Malaysia. Dasar Pendidikan Digital [Internet]. Putrajaya: Ministry of 

Education Malaysia; 2021 [cited 2025 Jul 11]. Available from: 

https://www.moe.gov.my/storage/files/shares/Dasar/Dasar%20Pendidikan%20Digital/Dasar%20

Pendidikan%20Digital.pdf  

[2] Williams, C., Stanisstreet, M., Spall, K., Boyes, E., & Dickson, D. (2003). Why aren’t 

secondary students interested in physics? Physics Education, 38(4), 324–329. 

https://doi.org/10.1088/0031-9120/38/4/306  

[3] Salmiza, S. (2011). Misconceptions and difficulties in learning physics. International Education 

Studies, 4(4), 146–157.  

[4] Da Cruz Nogueira, C., Almeida, S. I. S., & Malcher, L. V. (2024). Use of electrical circuit 

simulators in physics education with active learning methodologies. Conhecimento & 

Diversidade, 16(44), 18–43. https://doi.org/10.18316/rcd.v16i44.12000  

[5] Josey, S. (2016). The relationship between simulation assisted instruction and attitude towards 

physics of adolescent students. www.academia.edu. https://www.academia.edu/67051213/  

[6] Wieman, C. E., Perkins, K. K., & Adams, W. K. (2008). Oersted Medal Lecture 2007: 

Interactive simulations for teaching physics: What works, what doesn’t, and why. American 

Journal of Physics, 76(4), 393–399. https://doi.org/10.1119/1.2815365  

[7] Warneri, W., Salam, U., Putri, W. A., Imandari, R. Z., Pratiwi, R. D., & Chairunnisa, T. (2024). 

Utilization, simulation and learning: The virtual laboratory learning media PhET for outcomes 

learning. JTP - Jurnal Teknologi Pendidikan, 26(3), 960–970. 

https://doi.org/10.21009/jtp.v26i3.49832  

[8] Jariwala, M., Allen, E., & Duffy, A. (2020). Investigating simulation use on student learning 

outcomes in introductory physics. 2017 Physics Education Research Conference Proceedings. 

https://doi.org/10.1119/perc.2019.pr.jariwala  

[9] Bransford, J., Brown, A., & Cocking, R. (2000). How people learn: Brain, mind, experience, and 

school. Washington, DC: National Academy Press.  

[10] Stephens, A. L., & Clement, J. J. (2015). Use of physics simulations in whole class and small 

group settings: Comparative case studies. Computers & Education, 86, 137–156. 

https://doi.org/10.1016/j.compedu.2015.02.014  

[11] Liu, X., McKeown, D., Felege, C., & Diefes-Dux, H. (2020). Development and validation of 

a conceptual assessment for momentum and impulse. Physical Review Physics Education 

Research, 16(1), 010130. https://doi.org/10.1103/PhysRevPhysEducRes.16.010130  

[12] Ismail, A. T., & Shahrul Kadri Ayop. (2016). Tahap Kefahaman dan Salah Konsep Terhadap 

Konsep Daya Dan Gerakan Dalam Kalangan Pelajar Tingkatan Empat. Jurnal Pendidikan 

Malaysia, 37(1), 1090–1101. https://www.researchgate.net/publication/311411040  

[13] Shahari, S., & Phang, F. A. (2023). The level of understanding of the concept of power and 

the alternative framework of matriculation students through the Power Concept Assessment 

Test: Tahap kefahaman konsep daya dan kerangka alternatif pelajar matrikulasi melalui Ujian 

Penilaian Konsep Daya. Jurnal Pendidikan Bitara UPSI, 16(1), 54–66. 

https://doi.org/10.37134/bitara.vol16.1.6.2023  

https://www.moe.gov.my/storage/files/shares/Dasar/Dasar%20Pendidikan%20Digital/Dasar%20Pendidikan%20Digital.pdf
https://www.moe.gov.my/storage/files/shares/Dasar/Dasar%20Pendidikan%20Digital/Dasar%20Pendidikan%20Digital.pdf
https://doi.org/10.1088/0031-9120/38/4/306
https://doi.org/10.18316/rcd.v16i44.12000
https://www.academia.edu/67051213/
https://doi.org/10.1119/1.2815365
https://doi.org/10.21009/jtp.v26i3.49832
https://doi.org/10.1119/perc.2019.pr.jariwala
https://doi.org/10.1016/j.compedu.2015.02.014
https://doi.org/10.1103/PhysRevPhysEducRes.16.010130
https://www.researchgate.net/publication/311411040
https://doi.org/10.37134/bitara.vol16.1.6.2023
Haris Suhendar

Haris Suhendar

Haris Suhendar
Joint Prosiding IPS dan Seminar Nasional Fisika 

Haris Suhendar
Volume XIV, Januari 2026

Haris Suhendar
p-ISSN: 2339-0654
e-ISSN: 2476-9398


	Introduction
	Literature Review
	2.1 Force and Motion Concepts
	2.2 Computer Simulations in Learning Physics

	Research Method
	Results
	4.1 Pretest Results
	4.2 Posttest Results
	4.3 Comparison of Pretest and Posttest

	Discussion and Implications
	5.1 Implications for Practice

	Conclusion
	References

