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Abstract 
In today’s world science education is much more important to understand the connection between real life and science 
ideas. Interactive Simulations will make to understand these science concepts very effectively. For effective use of 
these simulations they should run on various devices like desktop, laptop, tablets, iPads, mobile phones etc., and also in 
many browsers. So, that they can be opened and operated or learned from anywhere, anytime, on any device. We 
designed these simulations using JavaScript and HTML5, CSS3 and evaluated for its practical feasibility. 
Keywords: Web based Simulations, Interactive Simulation, and Science Simulations. 

1. Introduction 

It is well known that education plays a important role in the development of nations. But, critical to a 
nation’s development in knowledge is science education. Many peer reviewed studies demonstrate that 
traditional classroom teaching and curriculum in the sciences are simultaneously ineffective at motivating 
and interesting students in science. It is not developing conceptual understanding and expert views of 
science and the scientific process skills. Many classrooms throughout the world are in lack of budgets. This 
leads to lack of access to the material and resources that are needed to conduct the experiments in science 
labs.  
These Interactive Simulations helps in mitigating the effects of these additional challenges. These 
simulations are providing key tools that enable science teachers to deliver high quality science lessons, 
which simultaneously improve students’ learning of core science concepts and scientific skills, as well as 
increasing their motivation and developing interest in science concepts. 
They create animated, interactive, game like environments. Students can learn through exploration like 
scientist. They emphasize the connections between science and real life, make the invisible visible, and 
include the visual models that scientists use to aid their thinking. As students explore the simulations often 
asking “what if” questions and the simulation responds immediately and dynamically, allowing students to 
test their ideas, to discover and make sense of key cause-and-effect relationships, and to develop visual, 
conceptual models of the underlying science processes. 
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2. Existing System 

These Science simulations are presently developed in java version. But these simulations have following 
disadvantages. 
i). To open these Simulations Java plug in need to be installed.  
ii). These Java and Flash simulations do not run on mobile devices, tablets, iPads. These devices do not 
support Java or Flash. 
iii). Some applets require a specific JRE. 
iv) If an applet requires a newer JRE than that is installed on the system, or a particular JRE, then user 
running it for the first time need to wait for the large JRE file to be download. 

3. Web Based Simulations 

Web based Interactive simulations helps in overcome the above problems. The open-style of the interactive 
simulations creates highly flexible resources - able to be used in multiple environments (in-class activities, 
lectures, home works, virtual courses, etc.), at multiple levels (elementary - college), and by multiple 
stakeholders (teachers, curriculum developers, and commercial companies that provide textbooks, 
electronic course platforms, or develop courses).  Each simulation can be used to address multiple goals. 
The teacher crafts their activity and use of the simulation to address his/her specific learning goals. Intuitive 
controls mean that no directions are needed, so simulations can be used broadly by students and teachers. 
Students find them engaging and fun. 
 These simulations do not need any settings to be changed. As many of the users are familiar with the 
browsers these can be opened and operated by anyone without any knowledge. These simulations eliminate 
the efforts for installing expensive simulation software on student computer or expensive laboratory 
equipment. These simulations help in quickly illustrating science concepts to students during computer 
exercises and lecture demonstrations. They can also be used for learning and practicing clinical healthcare 
procedures. 

3.1 Wide availability 

They can be accessed on many platforms without recompiling and also at distant sites without transporting 
hardware or software. It does not restrict to working hours as they are available at any time. 

3.2 Easy to Develop and Maintain 

It allows modifications and implementations to be made through the server. Frequent modifications can be 
made as it does not need its users to update the software. The only change needs to be made at the server. It 
encourages communication and interaction through the World Wide Web. 

4. Design 

The simulation software code uses several languages in its development. These include JavaScript, 
HTML5, and CSS3. 

4.1 JavaScript 

Java applets run at very fast speeds and until 2011, they were many times faster than JavaScript. Browsers 
have gained support for hardware-accelerated graphics like the canvas technology (or specifically WebGL 
in the case of 3D graphics), as well as just in time compiled JavaScript, the speed difference has become 
less noticeable. 

4.2 Canvas 

This feature allows a web developer to render graphics on the fly. The canvas element is part 
of HTML5 and allows for dynamic, scriptable rendering of 2D shapes and bitmap images. It is a low level, 
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procedural model that updates a bitmap and does not have a built-in scene graph. Canvas consists of a 
drawable region defined in HTML code with height and width attributes. JavaScript code may access the 
area through a full set of drawing functions similar to those of other common 2D APIs, thus allowing for 
dynamically generated graphics. Some anticipated uses of canvas include building graphs, animations, 
games, and image composition. In the canvas if once drawn, the fact that it was drawn is forgotten by the 
system. If its position were to be changed, the entire scene would need to be redrawn, including any objects 
that might have been covered by the rectangle.  

4.2 WebGL 

WebGL enables web content to use an API based on OpenGL ES 2.0 to perform 3D rendering in an 
HTML canvas in browsers that support it without the use of plug-ins. WebGL programs consist of control 
code written in JavaScript and special effects code (shader code) that is executed on a computer's Graphics 
Processing Unit (GPU). WebGL elements can be mixed with other HTML elements and composited with 
other parts of the page or page background. Shader code consists of vertex shader and fragment shader. 
Vertex shader handles the processing of individual vertices. Vertex shaders are fed Vertex Attribute data, as 
specified from a vertex array object by a drawing command. A vertex shader receives a single vertex from 
the vertex stream and generates a single vertex to the output vertex stream. Fragment shader takes the 
output from the vertex shader and associates colors, depth value of a pixel etc. After these operations the 
fragment is send Frame buffer for display in the screen. WebGL is widely supported in modern browsers. 
However its availability is dependent on other factors like the GPU supporting it. 

4. Implementation 

For example, if we consider a simulation showing bending light properties, in this laser emitting light can 
be moved from 0 to 90 degrees. There is an option for selecting between ray and wave. Ray or Wave 
properties can be measured by tools provided in tool box. These tools consist of protractor, velocity sensor, 
wave sensor, intensity meter. These tools can be dragged to any place on the screen area and can be placed 
back into tool box. Protractor, velocity sensor, intensity meter helps in measuring angle, velocity and 
intensity respectively. Wave sensor shows plot between ray/ wave amplitude and time graph. 

 

Fig. 1 Example Simulation 
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In these simulations all the rays rendered with canvas nodes and wave is rendered with WebGL using 
fragment shader. By using these techniques there is much performance improvement and rendered with 
high speed. 

4. Conclusions 

These interactive simulations provides user-friendly teaching, learning and collaboration environment. We 
have shown that the web based simulations are scalable in operation. JavaScript can significantly improve 
the flexibility of the simulation. They run uniformly across many platforms, and can be interacted. These 
simulations run on a many devices like desktops, laptops, notebooks, iPads and android devices and in 
many browsers like IE10, Chrome, Firefox and Safari. They also work on various platforms like Windows 
XP+, Mac OS 10.7+ and Android 4.1+ etc. Simulations can be translated to many other languages using a 
single language file. 
 
References 
 
[1] https://phet.colorado.edu/en/simulations/category/ 
[2] https://www.khronos.org/webgl/wiki/Main_Page 
[3] https://www.khronos.org/webgl/ 
[4] newhttps://www.chromeexperiments.com/webgl 
[5] http://www.w3schools.com/html/html5_canvas.asp 
 


