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Introduction
In the educational sector there is considerable hope being pinned on the application of so-

called new media. This seems to be extending as well to the area of instructional animations. 

This medium is able to look back on a history of almost 100 years and has undergone a 

renaissance with the development of modern information technologies over the last two 

decades. Today anybody is able to access tools for developing such animations. There is only 

the requirement of possessing a text editor and an internet browser in order to create a simple

JavaScript or SVG animation. 

Instructional animations which can be accessed over the internet are often the product of 

courses and projects at schools and universities. In many instances, these animations are 

designed differently. There seems to be no consensus on how an instructional animation 

should be created. Some authors criticize that the design of instructional animations is 

frequently driven by technology and not by instructional concepts that are based on scientific 

research (Sweller, Ayres & Kalyuga, 2011; Clark & Mayer, 2011). 

This article provides a method for developing instructional animations. The method is the 

result of detailed inquiries relating to the question what an instructional animation should look

like. Large volumes of research results from numerous scientific fields (e.g. cognitive 

psychology and ergonomics) were analyzed for this purpose. All findings have been applied in 

the development of instructional animations at the former Institute of Technology and 

Education in Münster, Germany. Over a period of 10 years, more than 50 animations have 

been developed. The newest versions of these animations are published on the website 

Educational-Animation.com (URL: http://www.educational-animation.com). 

When developing instructional animations, knowledge from different disciplines must be 

considered. Besides content and instructional knowledge, technological know-how is 

necessary to create useful and entertaining animations. This challenge can only be addressed 

through interdisciplinary teamwork. 

The following method was first published in my dissertation “The development of computer-

based models for technological educational contents” (Rikowski 2014). In the following article, 

the method is presented in a compressed version. As an example, the development process of 

an HTML5/JavaScript animation is presented. 

Animations as models

In a philosophical sense, an animation can be regarded as a two-dimensional and dynamic 

model. There is no elementary difference between other types of models like wooden legs, 



crash test dummies or doll houses. Models are replacement objects. In the field of science, 

education and even entertainment, models are considered primarily under the aspect of 

information. Thus, models facilitate experiences that cannot be acquired under usual 

circumstances.

In the field of technology and natural sciences, we often have to deal with phenomena that are

not detectable by human senses. Sometimes models are the only option in order to ascertain 

necessary experiences not only in a laboratory environment but actually also in a children’s 

room. 

This article focuses on computer based models like interactive animations, animated movies or

computer simulations. Virtual and augmented realities are more general terms for this type of 

model.

Creation of computer based models

The creation of computer-based models can be subdivided into two essential processes, 

information acquisition and forming operation. For example, in order to create a model for 

visualizing a temperature, the following processes have to be conducted:

1. The temperature has to be determined. In many cases a temperature sensor or a 

thermometer would be used for that.
2. The temperature has to be indicated, for example by a color on a display.

Both processes can be run either automatically or manually. The temperature could not only 

be detected by a thermometer. It is also possible to use the human senses for getting an 

impression of the temperature if exactness isn’t important.

Also the forming operation can be performed either automatically or manually. The color that 

expresses the temperature could be displayed not only on a computer monitor but also on a 

handmade drawing. 

A computer-based model can always be created with manual and automated techniques as 

well. Examples of fully automated information acquisition and forming operation  are 

augmented through virtual reality (e.g. interactive animations). Typically the user performs 

actions and sees reactions immediately in an interactive animation. The immediate response 

can only take place, of course, if both processes are automated. 



The process of information acquisition can be performed either empirically (by measurement) 

or logically (by calculation). These two types of information acquisition mark the difference 

between an augmented and a virtual reality. In a virtual reality the information is generated on

the basis of data that already exists. Thus a virtual reality doesn’t need any connection to the 

real world. An augmented reality however presupposes at least a sensor that receives 

information from the environment. The following table provides an overview:

Table 1: Processes for creating computer based models

Information acquisition Forming operation

Manual senses (empirical)

thinking (logical)

drawing, modelling

Automated sensor (empirical)

computer (logical)

rendering 

Example project

The development of an instructional animation can be broken down into 3 essential parts: 

1. Scientific research 
2. Instructional design 
3. Technical realization 

In the first step (scientific research), the process of information acquisition is prepared. An 

important question is, whether the information acquisition should be conducted empirically or

logically. Depending on the conclusion, it will be necessary to develop a measurement device 

or a mathematical algorithm. 

The second step (instructional design) refers to the design. A model is only viable, if human 

senses are able to detect it. In the field of instruction there is much research being conducted 

on the question how pictures, movies and interactive animations should be designed to enable

the best learning results. 

The third step (technical realization) refers to the media that is used. The actual workings are 

strongly dependent on the type of design (manual or automatic) and the tools that are used. 



Sample project 1

The following animation was realized at the Institute of Technology and Education at the 

University of Münster, Germany. It is possible to access the latest version of this animation by 

going to the website www.educational-animation.com. 

Figure1: Interactive Flash animation to Faraday’s law of electromagnetic induction

Inside the left rectangle, a 3D model of a horseshoe magnet and a conductive material is 

displayed. The 3D model can be rotated interactively. The second rectangle shows a 2D view of

the scene. It is possible to move the conductive material in this view. Inside the 3D model, 

electrons (illustrated by blue spheres) move through the cylinder. In the 2D view, the direction 

of the electric current is depicted by a cross and a point. In the navigational area, different 

parts of the animation can be made visible or invisible. 

The application can be started as an exe or an app file and integrated in PowerPoint slides. 

Unfortunately it is not possible to display this animation on most smartphones and tablets. 

There are few options for learners to interactively explore the content within a lesson. 

The purpose of the following project is to create an animation that allows users to interactively

explore Faraday’s law of electromagnetic induction. It should be possible to operate the 

animation in most smartphone models. 

http://www.educational-animation.com/


Investigation of contents

The essential information that should be communicated is concentrated in Faraday's law of 

induction:

Whilst B is the magnetic flux density, l is the length of the conductive material and v is the 

velocity of movement. B and l can be seen as constant at the scene. The algebraic sign of the 

result ε is only dependent on the algebraic sign of v. The negative algebraic sign at the 

beginning of the terms can be explained by the fact that the induced voltage and the change of

magnetic flux must have opposite signs (Lenz’s law). 

An easy way of determining the direction of the electric current is to use Fleming’s right hand 

rule. If the conductive material is moved to the left, the electric current moves away from the 

observer and vice versa.

Instructional Design

There are many scientific sources that should be considered when designing an instructional 

animation. Also cultural conventions and technical standards can have a huge influence on 

practical design decisions.

The colors for identifying the poles of a magnet are standardized as red for the north and 

green for the south. To improve the identification of the poles, there should be an additional 

inscription. Because the animation must be visible also on smaller displays, all inscriptions 

should have a size larger than 14 pixels. 

The cross and the point that illustrate the direction of the electric current are red in common 

technical representations. From an ergonomic point of view this color combination isn’t ideal. 

In order to improve the visibility of colors it is necessary to ensure a high brightness contrast 

(W3C 2014). 

A source for designing animations under instructional aspects is cognitive psychology. The 

Cognitive Load Theory from John Sweller (Sweller, Ayres & Kalyuga, 2011) and the Cognitive 

Theory of Multimedia Learning from Richard Meyer (2009) are popular examples. These 

theories can help to answer many practical design questions, for example:

 How should the elements of an animation be assembled in space and time?
 When is it useful to present information in different modalities?
 How complex should the animation be?



Both the Cognitive Load Theory and the Cognitive Theory of Multimedia Learning point out 

that learners should only get information that are necessary for the learning process. This 

should be the case primarily if the learners are inexperienced and if the subject is complex 

(Sweller, Ayres & Kalyuga, 2011, pp. 193‒201). 

The advantage of dynamic media like movies, interactive animations or slideshows is that the 

complexity can easily be manipulated. A simple way of implementing this principle is to give 

users the ability to make parts of the animation visible or invisible. 

Technical Realization

There is a huge diversity of tools and formats for creating and publishing instructional 

animations. The Flash Player is the most widely used plug-in for displaying interactive 

animations over the internet. The advantage of HTML5 in combination with JavaScript is that 

animations can be displayed on almost every modern internet browser without using a plugin. 

The installation of plugins is restricted on many smartphones, especially the iPhone. For this 

reason it is not possible to display Flash animations on most mobile devices.

When designing the layout of animations the diversity of existing screen formats poses a 

challenge. The 16:9 format is prevalent among smartphones, laptops, and also computer 

monitors. The 4:3 format is still used by many beamers even though broader formats like 

16:10 have become increasingly popular over the last years. The situation is more complex 

regarding mobile devices because there can be changes of orientation. The layout of an 

animation must be able to be displayed both in a portrait and landscape format. 

The idea of the following project is to place the content of the animation inside a square 

because a square doesn’t need to change its position and size in case there is a change in 

respect to the orientation. The area outside the square can be used for placing the 

navigational elements. Dependent on the orientation of the smartphone, the navigational 

elements can move to the right or to the bottom. 

The navigational elements are defined by HTML tags that are styled with CSS. Since the 

navigational elements are pure HTML, it is possible to easily realize a liquid layout.



Figure 2: Animation displayed in landscape format

Figure 3: The layout of the animation displayed in portrait format

The size of this layout (Fig. 2 and 3) automatically fits the size of the display. The layout is 

optimized to the 16:10 format. When having other display formats, there is free space around 

the frame.

For the realization of this project, the authoring tool Adobe Animate has been used. Adobe 

Animate is a cross-media authoring tool that has been used previously for creating Flash 

animations. Today, this tool is also used to generate HTML5/JavaScript animations. 

At first glance, the tool resembles a drawing program. There is a white rectangle in the middle 

of the interface which is referred to as the so-called stage ❶. The stage shows a preview of 

the animation. 



Figure 4: Overview of the software Adobe Animate

Below the stage is a timeline ❷which is a common element in many software tools with 

animation functionalities. By clicking on one of the small rectangles inside the timeline, the 

stage shows the current frame of the animation. The so-called tools panel ❸ contains some 

functions for creating and changing elements that are on the stage. 

When creating an animation, the procedure in most animation tools is the same: 

1. In the first frame of the animation, the element that is to be animated receives its 

initial state. 
2. In the last frame of the animation, this element receives its end state. 
3. The changes between the two states are computed automatically. Because the 

calculated frames lie between the two key frames, this technique is called tweening. 

The procedure is different when creating interactive animations. User actions will determine 

how the animation appears visually. Therefore, it is necessary to determine how the animation

must react to the user actions. In general, it is necessary to use a programming language to 

achieve this.

In many cases, HTML5 animations use JavaScript as a programming language. Since JavaScript 

wasn’t designed for creating animations originally, it is necessary to import a programming 

library that includes some additional functions. Adobe Animate provides such a library which is

called CreateJS. 



For inexperienced developers, it could be easier to start with a manual design - if possible. A 

manual design (e.g. drawing or modelling) can help the developer to get a more precise notion 

of how the elements of the animation should be arranged. Therefore, all elements that appear 

in the animation are drawn. These elements are:

 Horseshoe magnet
 Circle (conductive material)
 Cross and point (for indicating the current direction)

These elements can be created by using the drawing functions in Adobe Animate. Later, when 

compiling the animation, these drawings are transformed into JavaScript commands by Adobe 

Animate. A code for dynamically drawing a rectangle would look like this:

myRect.graphics.setStrokeStyle(3); // setting the size of the stroke to 3

myRect.graphics.beginStroke("#000000"); // setting the color of the stroke to black

myRect.graphics.drawRect(posX, posY, width, height); // drawing the rectangle 

It is also possible to use JavaScript in the first place. This would be necessary if a drawing had 

to be created dynamically, for example a dynamic curve in a function plotter (automated 

forming operation). 

The attributes of all drawing elements can be manipulated by using code. Such attributes could

be, for example:

 position 
 scaling
 visibility (Boolean)
 transparency

The code to change the position of a drawing object would look like this:

myCircle.x = 10;

myCircle.y = 20;

In this example, the circle (conductive material) that we have drawn on the stage has been 

positioned on the coordinates X=10 and Y=20.

A code that makes an object invisible would look like this:

myCircle.visible = false;

The so called event listeners make it possible to execute functions whenever a specific event 

occurs. An event might be a move of the mouse or a display touch. Generally one can say that 



event listeners are used by many other tools and formats to enhance graphical content with 

interactivity (e.g. Flash, X3D).

In this model project, the following code is used to create a circle (conductive material) that 

can be dragged. 

// Initializing the event listener

this.addEventListener("pressmove", myDragFunction.bind(this)); 

// beginning of event listener function

function myDragFunction () { 

// getting the current mouse or finger position

currentMouseX = this.stage.mouseX; 

currentMouseY = this.stage.mouseY;

// calculating the difference to the position before

var diffMouseX = mouseXBefore - currentMouseX; 

var diffMouseY = mouseYBefore - currentMouseY;

// setting the new position

circle.x -= diffMouseX; 

circle.y -= diffMouseY;

// saving the current mouse position for the next event

mouseXBefore = this.stage.mouseX;

mouseYBefore = this.stage.mouseY;

} // end of the event listener function

The code calculates the difference between the current and the earlier mouse position and 

moves the circle in the direction of this difference. 

If the difference value of the x direction is negative, the circle moves to the right. If the value is

positive, it is moved to the left. Depending on this value, the cross and the point that indicate 

the direction of the electric current are made visible or invisible:

if (diffMouseX <= 0) {



dragObject.point.visible = false;

dragObject.cross.visible = true;

} else if (diffMouseX > 0 ) {

dragObject.point.visible = true;

dragObject.cross.visible = false;

}

Conclusion

This article provided a universal method for the development of interactive instructional 

animations. The distinction between the two elementary processes of information acquisition 

and forming operation can be used to differentiate between two different tasks. 

1) The scientific task that is strongly influenced by the subject itself 

and 

2) the instructional task that is focused on the person who works with the animation. 

A universal method for developing instructional animations should be independent of any 

media technology. The distinction between information acquisition and forming operation is a 

very general one already, so that it can be applied to many different projects and media 

technologies. 

The development process was exemplified by a HTML5/JavaScript based animation. The 

HTML5 format has become increasingly popular in recent years. Today HTML5/JavaScript is 

one of the easiest ways of publishing interactive animations which are compatible with mobile 

devices.

A layout for instructional animations has been presented which is stable on several different 

display formats and changes of orientation. The model animation illustrated typical 

programming techniques for creating interactive animations that are common features in 

various other tools and formats. 
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