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Abstract: This context is devoted to consider the advantages and disadvantages of using virtual
laboratories in the process of learning physics. The work defines the virtual laboratory and
reveals its role in modern physics education. The main advantages of virtual laboratories, such as
security, flexibility, visibility and cost-effectiveness, are analyzed in detail. At the same time, the
limitations of virtual laboratories are also considered - lack of tactile sensations, limitations of
physical modeling and dependence on technology. Also, in the context, promising directions for
the development of virtual physics laboratories, including their integration with real equipment
and the use of virtual reality technologies, are shown. In conclusion, it can be said that the need
for optimal coordination of virtual and real laboratory work in the educational process is based.
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A virtual physics laboratory is a software-hardware complex that allows you to simulate real
physical experiments and observations in a computer environment. Such a laboratory contains a
collection of interactive computer models that simulate the behavior of various physical objects
and processes. The user can interact with these models, variable parameters, observe ongoing
processes and obtain data similar to the results of real experiments.

Virtual laboratories play an important role in modern physics education. They allow:

» Provide safe and convenient learning of physical phenomena, especially those that are
dangerous or complex in real-world situations.

» Making abstract physical concepts and processes understandable to students.

» Create an opportunity for active experience and independent research of physical laws.
» Reduce costs for laboratory equipment and consumables.

» Organization of remote and independent training in physics.

Thus, virtual laboratories are considered as an effective tool that complements traditional forms
of physical experimentation in the educational process.

Advantages of using virtual physics laboratories

Security and usability. An important advantage of virtual laboratories is the opportunity to study
dangerous or inaccessible physical processes without endangering the health and life of students.
In a computer environment, you can experiment with high temperatures, nuclear reactions,
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strong electric currents and other potentially dangerous phenomena. In addition, virtual
laboratories are available anytime and anywhere on a computer with appropriate software.

Flexibility and individual approach. Virtual labs are very flexible. Students can repeat the
experiments many times, change the initial conditions, slow down or speed up the processes in
order to better understand the physical laws. This allows to adapt the educational process to the
individual characteristics and learning speed of each student.

Visualization and interactivity. Computer models used in virtual laboratories are distinguished
by their highly descriptive visual representation of physical phenomena. They allow to
demonstrate processes in dynamics and use various types of visualization, including three-
dimensional ones. In addition, virtual laboratories provide interactivity, allowing students to
interact directly with models, change parameters, and monitor results.

Economical. Setting up physics laboratories involves significant costs in terms of equipment,
facilities, maintenance and security. Virtual labs significantly reduce these costs because they do
not require physical lab equipment. In addition, virtual experiences can be performed several
times without additional costs.

Disadvantages of using virtual physics laboratories

Lack of tactile sensations. One of the important disadvantages of virtual laboratories is the lack
of tactile sensations associated with direct interaction with physical objects. Manipulating virtual
models does not allow students to fully experience the physical properties of materials, such as
weight, texture, and temperature. This can make it difficult to fully understand the phenomena
studied in them.

Limitations of physical modeling. Despite the high level of realism , computer models in virtual
laboratories always remain a simplified representation of real physical processes. They cannot
fully reflect all the factors and details affecting the behavior of physical systems. This may lead
to discrepancies between the results of the virtual experiment and its real counterpart.

Dependence on technical means. The use of virtual laboratories is entirely dependent on the
availability and functionality of the necessary hardware and software. Computer malfunctions,
program code errors, or insufficient computing power can disrupt the experience and corrupt the
data obtained. It requires users to have some technical knowledge and skills.

Difficulty organizing teamwork. Unlike traditional physical laboratories , virtual laboratories
are initially focused on individual student work. Organization of joint activities, discussion of
results and collective analysis in a virtual environment creates certain difficulties and requires
special technical solutions.

Development prospects of virtual physics laboratories

Integration with real lab equipment. One of the promising directions of development of virtual
laboratories is their integration with real physical laboratory equipment. It combines the
advantages of computer modeling and the ability to directly interact with real physical objects .
Students can conduct experiments using virtual and real devices , which helps to understand the
studied phenomena more holistically.

Using virtual and augmented reality technologies. The introduction of virtual and augmented
reality technologies opens new perspectives for increasing the realism and interactivity of virtual
laboratories. The use of special helmets and glasses allows you to create fully immersive
simulations, and augmented reality allows you to place virtual objects and information in real
physical space. This helps to better describe physical processes and improves students'
understanding of the studied phenomena.

Creating an integrated learning environment. A promising direction in the development of
virtual laboratories is their integration into a complex educational environment that combines
various digital educational resources. Such environments may include not only virtual
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laboratories, but also multimedia learning materials, testing systems, teamwork tools, and other
components. This allows us to create more integrated and effective solutions for teaching
physics.

Optimal combination of virtual and real laboratory work. In conclusion, we can say that virtual
laboratories have a number of important advantages, such as security, versatility and
accessibility. At the same time, they have basic limitations related to the lack of tactile
sensations, the simplicity of physical modeling and the dependence on technical tools. Therefore,
the optimal approach is a combination of virtual and real laboratory work, where virtual
laboratories are used for preliminary preparation and familiarization with events, and real
experiments are carried out to strengthen the acquired knowledge and develop practical skills.

The importance of developing quality content for virtual labs. The success of using virtual
laboratories in the educational process largely depends on the quality of the content developed
for them . It should provide a high level of realism and interactivity, effectively contribute to the
achievement of educational goals. It is also important that virtual labs integrate into a larger
learning environment that integrates various digital resources. Only with such an approach can
virtual laboratories fully reveal their potential and become a truly effective tool in teaching
physics.

In conclusion, virtual physics laboratories offer a number of advantages, such as security,
flexibility, and the ability to simulate complex phenomena. However, they also have limitations -
they cannot completely replace real-life hands-on experience with physical equipment. The
optimal approach would be to integrate virtual and traditional laboratory activities to provide
students with a balanced learning experience. It is important to carefully design and implement
virtual laboratories to maximize their educational benefits.
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