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Abstract: 
 

This article examines key pedagogical software tools used in teaching physics. It discusses their 

features, advantages, and impact on the educational process. Special attention is given to interactive 

simulations, virtual laboratories, and software platforms such as PhET Interactive Simulations, 

MATLAB, Python, Arduino, and LabVIEW. The analysis shows that using these tools improves 

the quality of education, enhances students’ understanding of complex physical phenomena, and 

develops their digital competencies. The article also explores methods of integrating software tools 

into the teaching process and their effect on student motivation. 
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Introduction 

Modern education is rapidly evolving, and the need for innovative teaching methods grows each 

year. One of the most effective instruments for enhancing the educational process is the use of 

pedagogical software tools. In physics instruction, these technologies not only help simplify the 

understanding of complex concepts but also make the learning process more engaging, visual, and 

interactive. 
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Physics is a science grounded in experimentation and modeling; therefore, the use of digital 

technologies in education promotes a deeper mastery of the material. Virtual laboratories, 

interactive simulations, and specialized software enable complex experiments that would otherwise 

require significant financial and time resources in traditional settings. These technologies allow 

students to work with real physical models, test various hypotheses, and analyze experimental 

results in real time. Thus, software tools have become indispensable in the educational process, 

improving both its quality and accessibility. 

Introducing software tools into physics teaching also fosters the development of students’ digital 

literacy, a key aspect of modern educational environments. Using software for modeling, data 

analysis, and visualization of physical phenomena promotes critical thinking as well as 

programming and data-processing skills. This, in turn, enhances students’ preparedness for future 

professional activity in scientific and technical fields. 

In addition, pedagogical software tools allow educators to tailor the learning process to individual 

student needs by giving them the opportunity to study at their own pace. Interactive learning 

platforms and virtual simulators let students experiment with various parameters of physical 

processes, making learning more effective and meaningful. Consequently, digital technologies not 

only expand traditional teaching methods but also establish a new learning paradigm centered on 

active student engagement with the material. 

Methods 

In this study, an analysis was conducted of the pedagogical software tools employed in teaching 

physics. The primary focus was on platforms that enable the modeling of physical processes, 

mathematical computations, and the execution of virtual experiments. Special attention was paid to 

PhET Interactive Simulations, MATLAB, Python (NumPy, SciPy, Matplotlib, SymPy), Arduino, 

and LabVIEW. 

Particular emphasis was placed on PhET Interactive Simulations—one of the most popular and 

accessible platforms for the interactive study of physical phenomena. The research methodology 

included analyzing the simulations available on the PhET platform, integrating them into the 

educational process, and assessing their impact on students’ comprehension. To evaluate 

effectiveness, comparative studies were conducted among students using traditional teaching 

methods and those working with PhET simulations. The findings demonstrated that the use of 

interactive simulations leads to a better understanding of abstract concepts and increases both 

student engagement and motivation. 

In addition, various strategies for implementing PhET in the teaching process were explored, 

including self-directed student study, the use of simulations in lectures and practical sessions, and 

their application in distance learning. The analysis showed that the most effective strategy is a 

combined approach: first providing theoretical explanations, then having students work with the 

simulations, allowing them to independently test hypotheses and model physical phenomena. 

 

 

 

 

 

 

 

Fig. 1. PhET Interactive Simulations interface 
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Results 

PhET simulations are developed based on scientifically grounded principles and are aimed at 

actively engaging students in the learning process. The platform provides a wide range of 

simulations covering various areas of physics, including mechanics, thermodynamics, 

electromagnetism, and quantum processes.  

Below are some examples of these simulations. 

   

 

 

 

 
 

a) b)                                              c) 

Fig. 2. "Wave on a String" simulation from PhET Interactive Simulations 

In Figure 2, the "Wave on a String" simulation from PhET Interactive Simulations is shown. This 

scene illustrates the behavior of a wave on a string under various parameters. The simulation 

depicted in Figure 2.a is useful for studying fundamental wave properties such as wavelength, 

frequency and period of oscillations, wave interference and reflection, as well as the effects of 

damping and tension on wave propagation speed. 

In Figure 2.b, one can observe how part of the wave is reflected back, creating standing waves 

under certain conditions. When waves reflect and overlap, regions of constructive and destructive 

interference form. By adjusting the “Tension” parameter, it becomes apparent how waves can travel 

faster or slower. 

Figure 2.c shows a simulation that demonstrates the propagation of a single pulse along the string. 

Using this simulation, one can investigate how the wave’s direction and phase change after 

interacting with a barrier; increasing the tension raises the speed of wave propagation. 

This simulation is useful for studying the basics of wave dynamics, reflection, interference, and 

standing waves, making it an excellent tool for teaching physics. It is widely used for educational 

purposes to visualize complex physical processes, simplifying the comprehension of wave 

phenomena and enabling experiments without real equipment. 
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Simulations like "Wave on a String" significantly enhance the effectiveness of learning by making 

the study of complex physical phenomena more accessible, visual, and interactive. They 

complement traditional teaching methods, offering students flexibility, opportunities for 

experimentation, and self-directed study of the material. 

 

a)                                                                   b) 

Fig. 3. "Projectile Data Lab" simulation from PhET Interactive Simulations 

In Figure 3, the "Projectile Data Lab" simulation from PhET Interactive Simulations is shown. It is 

designed to explore the motion of a projectile launched at an angle to the horizontal. This simulation 

makes it possible to experimentally determine the optimal angle for achieving maximum range, 

examine the effect of initial velocity on the projectile’s trajectory, and observe the changes in flight 

both with and without air resistance. 

Multiple launches in the simulation (Figure 3.a) enable students to analyze patterns in flight 

distance; the landing histogram illustrates the distribution of landing points, and ignoring air 

resistance allows for studying the ideal trajectory of motion. Through this simulation, one can 

examine the influence of the launch angle on flight distance, the separation of motion into 

horizontal and vertical components, as well as landing statistics and changes in flight parameters. 

In Figure 3.b, there is a simulation designed to study the motion of a projectile launched at an angle 

and to analyze statistical data. By using this simulation, students can investigate the influence of 

random factors on flight distance, calculate average values, study variations and distributions, 

explore the laws of motion for projectiles launched at an angle to the horizontal, and apply concepts 

of averages and probability distributions in physics. 

This simulation combines kinematics and statistics, helping students understand ballistic principles 

and analyze real-world physical processes by processing experimental data. It allows them to 

conduct virtual experiments and examine realistic projectile motion under various environmental 

conditions. 

 

a)             b)                                               c) 

Fig. 4. Electromagnetism simulations from PhET Interactive Simulations 
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In Figure 4, several electromagnetism simulations are presented. Specifically, Figure 4.a shows the 

"Generator" simulation from PhET Interactive Simulations, illustrating the principles of 

electromagnetic induction. Using this simulation, students can explore Faraday’s Law, the 

dependence of induced current on the rotation speed of the magnet, how the number of coil turns 

and the magnet’s strength affect voltage, as well as the movement of electrons in a closed circuit 

and current generation. It is suitable for studying the principles behind generators, transformers, and 

electromagnetic phenomena for educational purposes. 

In Figure 4.b, the "Magnets and Electromagnets" simulation from PhET Interactive Simulations 

demonstrates the magnetic field of a permanent magnet. This simulation offers a visual way to 

examine the structure of a permanent magnet’s magnetic field, how changing the magnet’s strength 

affects the field, alterations in the magnet’s polarity, the behavior of a compass near the magnet, the 

properties of permanent magnets, and the fundamentals of electromagnetism. 

In Figure 4.c, the "Magnets and Electromagnets" simulation from PhET Interactive Simulations 

demonstrates how an electromagnet works. Through this tool, learners can study how an electric 

current creates a magnetic field, the relationship between the electromagnet’s strength and both the 

number of coil turns and the voltage, the interconnection between electricity and magnetism, and 

various real-world applications of electromagnets (e.g., electric motors, relays, magnetic lifts). This 

simulation is excellent for studying the principles of electromagnetism and for applying Ampère’s 

Law and induction in an educational context. 

Overall, digital tools have become an integral part of modern education, enabling the development 

of deep knowledge and analytical thinking skills in students. 

Discussion 

The results obtained confirm that pedagogical software tools can significantly improve physics 

education, especially under conditions with limited access to traditional laboratory experiments. 

Interactive simulations allow students to experiment in a virtual environment, adjust system 

parameters, and observe their behavior in real time. 

In addition, the use of software tools supports individualized learning, since students can study the 

material at their own pace. However, for successful implementation of such technologies, teacher 

training is essential: without methodological support, the effectiveness of simulations may decline. 

It is also important to note that digital tools should not completely replace traditional laboratory 

work but rather serve as a supplement to it. 

An analysis of various software tools has shown that their use aids in enhancing understanding of 

complex physical processes through interactive simulations, boosting student motivation by 

involving them in the practical application of theoretical knowledge, developing computational and 

programming skills for solving physics problems, and reducing the costs of conducting laboratory 

work by using virtual experiments. 

Moreover, it was found that students who used PhET Interactive Simulations demonstrated a higher 

level of material mastery compared to the control group employing traditional teaching methods. 

The greatest improvements were noted in understanding challenging concepts such as 

electromagnetic waves, thermodynamic processes, and the principles of quantum mechanics. This 

finding underscores the effectiveness of interactive simulations in raising educational quality. 

Conclusion 

Using pedagogical software tools in physics instruction plays a key role in improving the 

effectiveness of the educational process. Simulations, virtual laboratories, and other software 

resources allow students to engage in scientific and creative activities while reinforcing their 

knowledge through practical application. As these technologies continue to develop, the learning 
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process will become even more interactive and productive. To ensure the successful integration of 

these tools into the educational environment, it is crucial to provide appropriate teacher training and 

develop the necessary infrastructure for working with these software resources. 
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