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Abstract: Science subjects, especially physics, are considered challenging 

subjects. Many of the concepts in physics are abstract, and students find it 

difficult to visualise the concepts through conventional teaching in the 

classroom. The project introduces PhysicsLab, a gamified virtual learning 

platform that aims to improve students’ understanding of fundamental 

physics concepts using interactive simulations and educational gaming. The 

platform is available on laptops, tablets and smartphones and is well suited 

for classroom, hybrid and remote learning environments. It has great 

potential to improve motivation, conceptual understanding and modern 

STEM education through innovative digital learning approaches. 
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1. INTRODUCTION 

The teaching of physics is important for the development of students’ analytical thinking, 

problem-solving ability and scientific knowledge. However, many students consider physics to be one 

of the most difficult sciences due to its intangible theories, intricate mathematics and inability to 

visualise in the old teaching techniques. Where learning is limited to textbooks, formulae and the 

teacher’s explanations, students can find it especially hard to visualise concepts such as motion, gravity, 

forces and energy. This might cause students to lose motivation and be unable to relate theoretical 

principles to real-world applications. Laboratory activities frequently employ experiments to cultivate 

conceptual understanding. However, schools usually face problems of inadequate equipment, 

expensive laboratory supplies, limited teaching hours and safety hazards. These constraints do not 

allow students to do many experiments and study the physical phenomena. Furthermore, online and 

digital learning environments may have less engagement and interactivity, which may lead to less 

successful learning experiences. 

To address these issues, in this project, we propose the development of PhysicsLab, a gamified 

virtual platform that combines interactive simulations with elements of instructional gaming. It is a 

platform dedicated to teaching five basic physics concepts: projectile motion, pendulum motion, elastic 

collisions, orbital motion and Hooke’s Law. Virtual experiments enable students to modify variables 

and see the results immediately and learn through discovery and difficulties. This paper presents the 
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use of gamification techniques to increase motivation, involvement and conceptual understanding to 

make physics more interesting and easier to learn. 

 

2. LITERATURE REVIEW 

Physics education is vital in the development of students’ analytical thinking, problem-solving 

skills and scientific knowledge (Ashel & Lestari, 2023; Nazifah & Asrizal, 2022). Many students consider 

physics one of the most difficult courses because of abstract ideas, complex mathematics, and a lack of 

visualization in traditional teaching techniques (Achor et al., 2022; Harwanto, 2019; Ornek et al., 2008). 

Students often find it difficult to visualise topics like motion, gravity, forces and energy, especially 

when they are learning from textbooks, formulas and their professors’ explanations. As such, students 

may get disillusioned and find it hard to link theory to practice (Fadhilah et al., 2021; Marcinauskas et 

al., 2024). 

Generally, laboratory activities are used to enhance conceptual understanding through 

practical experiments (Duban et al., 2019; Gericke et al., 2023; Setiya Rini et al., 2024). Schools usually 

face a lack of tools, expensive laboratory tools, a lack of time for instruction, and safety issues (Wati et 

al., 2024). These limitations restrict students' opportunities to study physical phenomena deeply. 

Moreover, online and digital learning environments often lack engagement and interactivity, resulting 

in insufficient learning experiences (Hu & Xiao, 2025; Ogunyemi et al., 2022). 

 

3. METHODOLOGY 

PhysicsLab is a multi-faceted project which starts with research and planning. In this phase, 

textbooks, classroom observations and teacher discussions are analysed to identify challenging physics 

topics for the students. Therefore, the platform is designed according to educational standards and 

curriculum requirements with the establishment of appropriate learning goals and gamification 

methods. The second stage consists of the design and development of the platform. The user interface 

is generated by design tools. The simulations allow for rapid visualisation of physical processes and 

the immediate change of variables. Now it’s time to test and verify. A trial with secondary school 

students is underway to evaluate the platform’s effectiveness in fostering engagement, usability and 

conceptual understanding. They gather user feedback via questionnaires and observations to identify 

areas for improvement. The last phase will be dedicated to optimisation, debugging and polishing of 

the educational content and the gameplay dynamics to ensure a smooth operation and an improved 

user experience. 

 

4. FINDINGS 

PhysicsLab is a lightweight web application that runs on modern browsers and mobile devices. 

It provides cloud-based data storage, score tracking systems, simulation controls and interactive 

animations to enable users to track their progress. It’s web-based, which cuts down on installation and 

makes it more accessible for students and teachers. Figure 1 shows PhysicsLab interfaces with 

adjustable parameters and display of simulation and output data. 
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Figure 1. PhysicsLab interface with adjustable parameters and display of simulation and output data.  

 

5. DISCUSSION 

5.1 Novelty and Inventiveness 

PhysicsLab’s advantage is the synergy of virtual physics simulations and gamification 

elements in the dedicated educational platform. Its purpose was to support education in physics at the 

school and university levels. Unlike the traditional teaching method focusing on passive learning and 

rote memorisation, PhysicsLab encourages research-based learning with interesting games and hands-

on experiments. Students can not only understand the physical phenomena but also actively 

accomplish missions and overcome challenges that require critical thinking. Another important 

innovation aspect of this project is the integration of different topics in physics in a single unified 

platform. The projectile motion module allows exploration of trajectories and motion parameters 

through target-oriented activities, and the pendulum dynamics module allows interactive 

manipulation of oscillation and energy transfer. 

The elastic collision module uses the principle of momentum conservation through collision 

simulation activities, and the orbital gravity module displays the movement of planets and 

gravitational interactions in a virtual space environment. In addition, the Hooke’s law module allows 

students to do spring experiments based on virtual simulation and learn the relationship between force 
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and extension. The integration of gamification elements like points, levels and leaderboards has also 

made PhysicsLab different from existing traditional educational software. These elements provide an 

engaging experience for students to learn and understand physics topics through play. The platform is 

also based on easy-to-reach web technology, so it is low-cost and scalable for educational institutions 

such as schools and universities without the need for a high budget or expensive hardware. 

5.2 Practicality and Usefulness 

PhysicsLab is very practical because it is easily accessible to students and educators through 

common digital devices such as laptops, tablets and smartphones. As a web-based platform, it can be 

used and accessed by students and teachers without any time and space constraints and can eliminate 

the need to use sophisticated and costly laboratory equipment. This advantage is particularly useful for 

schools that do not have the proper physics lab equipment or lack the necessary laboratory budget 

resources. Students can perform virtual simulation experiments without any restriction. This advantage 

allows you to avoid the risk of equipment damage, safety hazards or time constraints. The platform 

also supports existing modern teaching methods, such as integrated learning, hybrid learning and 

remote learning. 

Lecturers and teachers can easily incorporate PhysicsLab into classroom activities, student 

assignments, tutorial sessions or self-study sessions. PhysicsLab can solve the problem of abstract 

concepts of physics that are usually delivered through static media, such as textbooks and available 

diagrams, and students find it difficult to understand. Additionally, the use of game elements can 

stimulate students’ interest and motivation to learn. In addition to helping students understand 

concepts better, PhysicsLab can also add value to 21st-century essential skills such as critical thinking, 

digital literacy techniques, creativity and scientific research. Also, this platform has the potential to be 

developed in the future to include other physics topics such as electromagnetism, optics, waves and 

thermodynamics. It can thus improve still further its educational prospects and sustainability. 

 

6. CONCLUSION 

To conclude, PhysicsLab can be seen as an innovative virtual simulation learning platform as 

it incorporates the concept of gamification. It is able to improve students’ understanding of the basic 

concepts of physics through engaging and interactive physics simulations. This platform, by 

incorporating visualisation ideas, simulation experiments and gamification methods, can surely change 

traditional boring physics education into a more interactive, enjoyable and engaging experience. 

Students can easily and interactively investigate complex basic physics concepts by using modules 

covering topics such as projectile motion, pendulum dynamics, elastic collisions, orbital gravity, and 

Hooke's Law, and it is also believed to strengthen students' understanding of scientific concepts and 

research skills. 

Gamification features such as the integration of rewards, missions, achievement systems and 

leaderboards can increase interest and motivate students to be more active in learning activities under 

the guidance of the teacher or even in collaboration or individually. The platform can also provide a 

practical learning system and cost-effective solutions to meet the requirements of modern classroom 

learning, distance education and may help schools with limited facility resources. Thus, it is thought to 

have good potential and a significant role in the development of the country’s digital STEM education 

and in the development of the innovative learning environment needed in the future. 
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