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Abstract 
The increasing popularity among new learning tools in higher education is gained by virtual 
laboratories due to simplicity in use, financial and safety issues. The results of development of virtual 
laboratory on physics with use of Rich Internet Application (RIA) are presented. The virtual laboratory 
is implemented on the basis of Unity 3D with use of C#. The technological basis, structure, realization 
of virtual physical laboratory and the user interface are described. Thus, the development and 
application of the computer-based training systems is currently one of the main trends in the field of 
the higher education. Virtual physical laboratories represent one of the successful examples of 
introduction of information technologies in the training process. Using various basic and additional 
materials in teaching process allows not only widening initially assumed field of knowledge, but also 
arousing much greater interest in students and raising their motivation while studying a subject. In 
particular, usage of virtual models in educational process increases the clarity and visibility of the 
studied process and helps students to work out and understand the theoretical basis of the material in 
more detail. While using virtual models as a teaching tool, a student gets more opportunities to 
perform research and creative activities, which, in its turn, allow him to learn and understand deeply 
the taught material. It can be said that the virtual model must be complex enough in order to allow 
students to be creative. A virtual laboratory is one of the examples of such models, which eliminates 
the drawbacks mentioned above. A virtual laboratory is a software program or a set of related software 
programs, which performs computer modeling or simulation of some physical, chemical or other 
processes. Using such programs plays an essential role in studying technical and natural sciences, for 
instance, physics. One of the most efficient ways of studying physical processes is the demonstration 
of physical phenomena using real physical equipment. However, sometimes it is impossible to employ 
real physical devices. Very often, laboratories lack standard equipment due to some reasons, for 
example, its physical dimensions or high cost (Atwood machine, Maxwell pendulum, or scanning 
electron microscope). In such cases, a perfect solution is virtual laboratories, which allow conducting 
physical experiments on computers. 
Keywords: Virtual Physical Laboratory, high education, RIA, 3D modeling, Unity 3D, C#, physics.  

1 INTRODUCTION 
At the present time the educational process can be limited to the traditional way of teaching and 
studying, as, for example, twenty years ago. Rapid development of information technologies in general 
has a great impact on all the processes within the interaction between students, teachers and higher 
educational institutions. Using additional modern teaching tools and resources based on the 
information technologies allows improving the quality of teaching and increasing students’ interest to 
the subject. Virtual modeling and simulation of studied processes and phenomena can be a good 
example of introduction new technologies into the educational activities. It let students to examine the 
subject from different perspectives and get better and deeper understanding of studied phenomenon 
[1]. However, it needs to be mentioned that a virtual model itself must be elaborated carefully. It 
should not be a previously given animation or video, which often allows demonstrating a consistent 
flow of some process quite effectively, but does not allow affecting it [2, 3]. This limitation can be 
eliminated by adding a predetermined step-configurator to the animation or video. However, such 
approach is rather limited, since a set of parameters for selection is finite and predefined. Virtual 
laboratories that allow students to manage experiments by changing initial parameters can be a good 
solution.  

Virtual laboratories can be useful in teaching many courses like chemistry, biology, medicine, 
mechanics, etc. But it can be said that they are essential in teaching physics, where performing 
different experiments are the crucial part of the laboratory practicum. Physical experiments allow 
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students to be involved into the studied processes and phenomena, and gain practical skills of 
research work. However, real physical experiments are not always available for students. The reasons 
for that can be grouped as follows [4]: 

• real equipment cannot be purchased or installed due to financial or safety factors; 

• students cannot physically attend the real laboratory; 

• a physical process cannot be simulated and observed in reality within the reasonable 
dimensions due to its duration or object sizes.  

In all this situations modeling an experiment in a virtual laboratory is a perfect way to study. 

In the International Information Technology University at the Department of Computer Engineering and 
Telecommunication a virtual physical laboratory is currently being developed. It will include six 
laboratory works. The development of one of them, namely «Studying the laws of kinematics and 
dynamics using Atwood machine» will be presented below. 

2 OVERVIEW OF THE RICH INTERNET APPLICATION TECHNOLOGIES 
In spite of the fact that the term «Rich Internet Application (RIA)» [5–7] in English literature has several 
definitions, all of them agree that the use of such applications can significantly extend the possibilities 
of the browser by installing additional plug-ins (Silverlight [8], Adobe Flash [9], Java Applets [10], Unity 
3D [11], etc.) or by using the frameworks, which provide more opportunities than offered by the HTML 
5 [12] and JavaScript (Google Web Toolkit [13], etc.). The most currently known such technologies are 
given in the Table 1. The choice of these products is caused by prevalence in the Internet and whether 
users set the platforms to run RIA. 

Rich Internet Applications allow solving many problems, avoiding some of the difficulties associated 
with the design and development of software products. 

The presented plug-ins, such as Adobe Flash, Java Applets, and Unity 3D are developed 
simultaneously for multiple platforms according to the same standard. This allows reaching a certain 
level of abstraction, and focusing the efforts for the development of the final application without the 
need to create different versions for different operating systems. HTML 5, Google Web Toolkit, and 
others do not require the installation of plug-ins and use the facilities of browsers. It has both positive 
and negative sides. On the one hand, there is an opportunity to facilitate the launch of the application 
on the client browser and to cover more browsers. On the other hand, not all the browsers interpret 
the code in the same way and with the same performance, which can create unexpected errors and 
the need for the fragmentation of implementation. Browser plug-ins do not have such shortcomings. 

Table 1.  Comparison of tools for creation of the Rich Internet Applications. 

Name Company Actuality Availability 

Silverlight Microsoft Medium Free 

Adobe Flash Adobe High Proprietary 

Java Applets Oracle Medium Free 

Unity 3D Unity Technologies Very high Free 

HTML 5 World Wide Web 
Consortium 

Very high Free 

Google Web Toolkit Google High Free 

Browser plug-ins also provide a number of advantages over the development of desktop versions of 
programs:  

• in spite of the fact that the plug-ins also require the installation on the target computer, usually, it 
does not require administrator rights, which simplifies the process and reduces security risks; 

• installation of a plug-in is required only once for an unlimited number of laboratory works; 

• since the access to virtual laboratory works is carried out over the network via the browser, the 
program of the virtual laboratory work will always be automatically updated to the latest version 
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when you open the page, which significantly simplifies the maintenance of the relevance of the 
installed versions on users' computers; 

• if necessary, students can get access to conduct the laboratory work at home in order to 
prepare for defense of the lab or data correction. 

The disadvantages of this approach include the need to download files of the virtual scene of a 
laboratory work on client computers during the first call, which may require a relatively high bandwidth 
with a large number of simultaneous requests. However, the realization and deployment of the 
described virtual physical laboratory at the University require the installation of the server in local 
network. In this regard, the mentioned shortcoming won't be a problem. 

The choice of the Unity 3D tool for the development of the virtual laboratory works has been made as 
this application: 

• is a core and infrastructure, which forms a system for the development of two- and three-
dimensional applications and games;  

• allows operating not only with the code, but also with visual components, with the subsequent 
export to any mobile platform; 

• supports all main 3D-applications, a set of sound formats, which are easily imported; 

• provides a cross-platform support and an opportunity to write scripts in any of the following 
languages: C#, javascript or Boo; 

• supports the Drag&Drop technology; 

• is distributed for free. 

3 DEVELOPMENT OF A VIRTUAL PHYSICAL LABORATORY ON THE 
EXAMPLE OF ATWOOD’S MACHINE 

3.1 Physical Basis 
Atwood’s machine is designed to study the laws of body’s motion in the Earth's gravity field. With a 
small height of installation the Atwood machine allows measuring the time of body’s motion (in 
seconds), consequently solving the problem of the study of free fall. General view of the Atwood’s 
machine is shown in Figure 1. 

 
Figure 1. Atwood’s machine. 

Atwood’s machine consists of a vertical column with a large-scale ruler, on which three brackets are 
fixed (the upper one with permanent fixation is not shown in Figure 1). In the column a light unit is 
installed that can rotate with little friction, and an electromagnet. The light thread is thrown over the 
unit. Two loads of the same mass are attached to the ends of the thread. The electromagnet keeps 
the unit with loads at rest. The middle bracket is supplied with a ring to avoid overloads. When the 
load passes the ring, a stopwatch starts measuring the time t of the uniform movement of the loads on 
the way h. Measuring the distances that were passed by the load respectively at the uniformly 
accelerated S and uniform h movements, and the time t, it is possible to check the fundamental laws 
of kinematics and dynamics of translational motion, and also to calculate the acceleration of gravity. 
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3.2 Implementation 
As it was mentioned earlier, Unity 3D environment allows writing scripts in any of three programming 
languages, namely C#, javascript or Boo. In order to implement the current laboratory work, the 
authors have chosen C# programming language. 

 
Figure 2. The development of the virtual laboratory work in Unity 3D. 

Unity3D is not a system, in which two-dimensional resources and three-dimensional models are 
designed. Programmers can insert and manage them, but it is impossible to create these models 
using Unity tools offered by default. For these purposes, it is possible to use the software intended for 
this applications, for example, Autodesk Maya, 3ds Max, Blender or Adobe Photoshop. Then, the 
developed 3D objects are imported into the Unity environment that supports many formats of 
resources, including those listed above. For the presented laboratory work with the Atwood machine, 
three-dimensional models of a table, a tripod and a pendulum have been designed in the application 
Autodesk 3ds Max. Autodesk 3ds Max is a full-featured professional software system for creating and 
editing three-dimensional graphics and animation. Figure 2 shows the window of running application of 
Unity 3D in the process of development of the described virtual laboratory work. 

 
Figure 3. The realization of the virtual laboratory work «Studying the laws of kinematics  

and dynamics using Atwood machine». 
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According to the authors, one of the main features of virtual laboratory works is their interactivity. 
Therefore, at first, in order to make the current application interactive, during the development process 
the possibility to interact with the objects of simulation and control them with a mouth was provided.  

Secondly, in an interactive laboratory work it is possible to influence the flow of the experiment, and 
not being just a passive observer of a predetermined demonstration. For this purpose in the virtual 
application a panel for data input and calculation of the studied variables was created. Using this 
panel, students can change the course of the experiment, which leads to more deeper and detailed 
understanding of the studied physical laws. Figure 3 shows a window of the running application. 

3.3 User Interaction 
Execution of the laboratory work is the realization of a particular sequence of actions, which contains 
input initial data, executing the experiment and registering the results. Virtual laboratory works are 
created by a teacher, and they contain different number of steps. This information is attached to a 
particular virtual laboratory work as its methodology [6]. 

 
Figure 4. The laboratory work «Studying the laws of kinematics and dynamics using Atwood machine». 

Figure 4 illustrates an algorithm of interaction with the laboratory work «Studying the laws of 
kinematics and dynamics using Atwood machine». After running the virtual physical laboratory a 
student needs to choose the current laboratory work. After the laboratory work is chosen (in our case, 
it is «Studying the laws of kinematics and dynamics using Atwood’s machine»), the main window 
opens, where students have an access to the sections as «Test», «Theory», and «Laboratory work». 
The sections «Test» and «Theory» contain the test assignments to consolidate their knowledge and 
the methodology for the ongoing experiment. The «Laboratory work» section allows proceeding 
directly to the implementation of the experiment. 

Management and initiating a virtual laboratory work functioning performs through the user interface. 
To create the interface of the virtual laboratory work, the controls of Windows operating system were 
used. In general, all students are familiar with and employ easily the Microsoft Windows operating 
system. And the usage of the usual controls, such as buttons, input fields, windows, scrollbars, etc. 
simplifies the process of understanding and implementation of the virtual laboratory work. In addition, 
students have an access to instructions about a specific laboratory work. The interface of the 
application is shown in Figure 3. 

In this case, a student is required to choose the height h, and also enter the weight data for the load 
and overload. After entering the data the experiment need to be run using the button Start and the 
values need to be written down to perform calculations independently. These steps should be 
repeated for different values of the height h, according to a given scenario. 

4 CONCLUSIONS 
Computer training systems, in particular virtual laboratories are an undoubtedly promising learning tool 
that can be used while teaching almost any discipline. The research paper discusses the successful 
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example of the development of a virtual laboratory work in physics as a part of the real laboratory as a 
cross-platform application. The overview of the Rich Internet Application Technologies was done. The 
software lab model, interface and method of implementation on the example of the virtual lab 
«Studying the laws of kinematics and dynamics using Atwood’s machine» were described. This 
approach allows creating 3D visualization of laboratory devices, equipment and proper laboratory 
facilities, which provide a high degree of immersion in the study process and sense of reality. Thus, 
innovative technologies open up a new approach to learning and raise education to a new level of 
quality. 
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