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Abstract
This report describes the design and implementation of web based applications to be used mainly by 
students of ages 13-15 to increase their understanding of basic physics. Through theoretical studies 
and later practical tests the required features to make such applications successful are examined. 

The applications, named Virtual Lab Environments (VLEs), are made to be used together with the 
physics book Titano Fysik published by the publishing house Gleerups. 

Ten different VLEs have been created from which three were tested on a larger group of students. 
The test results are overall positive and they seem to support the facts established from the 
theoretical studies about how to design the applications. The result seems to further support the 
importance of game-like features for digital learning tools.

The fun-factor of the VLEs seems to impact the users overall impression of the applications and 
therefore is very important. Naturally the fun has to be balanced since the purpose is to educate. But 
it is suggested that when ever possible, game-like features should be used.

More tests are required, especially on the untested VLEs. Future research on the VLEs impact on 
students final results, after using the VLEs in their courses, should also be performed.
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1 Introduction
This chapter introduces the project by providing its background, purpose and so on.

The project described in this document investigates how to create a fun, interactive, easily 
understood, available and efficient way for students in the upper level of compulsory school to use 
various simulations of physical laws and phenomenas. Thus increasing their understanding in that 
particular area. What is required to make such simulations effective, i. e. understandable, user 
friendly, engaging and of course instructive, will be examined through research prior to 
implementation and later through tests on the target group.

These simulations will be made available for students using the physics textbook Titano Fysik, 
which is being published by the publishing house Gleerups. These students gain access to the 
simulations, as well as other multimedia applications, via Gleerups website.

The implementation will be done using actionscript 3.0, as requested by Gleerups, which produces 
SWF files. This allows the students, and teachers, to access the simulations using regular web 
browsers with the flash player 9.0 (or above) plugin installed. This plugin is free and surveys show 
that about 95% of the Internet users have it installed, which is considered to be enough to ensure 
availability.

Gleerups already has similar applications, like for instance with their high school physics book 
Nexus. Those simulations however, are only semi-interactive and not very attractive. This project 
strives to create simulations that are both more esthetically pleasing and more engaging to use.

1.1 Project Background
This section explains the background of the project.

The original idea was to create some kind of interactive multimedia application that would  be used 
to increase learning for younger students either in upper level of compulsory school or in high 
school.

The usefulness of such applications is based on the fact that school funds are low these days. Very 
little money is spent on student literature and therefore other ways of learning should be included 
with these books so that schools really get their moneys worth when purchasing them. The young of 
today use computers in their everyday lives, studies show that they even read faster from computer 
screens than from the pages of a book. 
 
Interactive multimedia applications are a welcome tool for both regular students as well as students 
suffering from various learning disabilities such as dyslexia. Learning speed should be increased by 
using interactive multimedia. If the old saying: “A picture says more than a thousand words”, is 
true, than think about how much information can be transferred via interactive animations.

At first the project was going to be performed in collaboration with the publishing house Liber, but 
they turned it down due to lack of time. Discussions then took place creating the application 
directed towards high school math for a local high school but when Gleerups turned out to be 
interested it was decided to work through them instead.
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1.1.1 Titano Fysik
This section describes the book Titano Fysik to which the VLEs are connected.

Titano Fysik is the physics book for upper level of compulsory schools students that the VLEs are 
connected to. The ten created simulations are basically connected to one chapter each. That 
specifically ten different simulations were to be implemented was requested by Gleerups. Students 
who own a copy of this book will be able to use the VLEs through Gleerups website. The books 
ISBN is: 978-91-40-65179-2 and its author is Ingrid Monthán.

1.2 Project Purpose and Goal
This section describes the purpose of the VLEs.

The purpose of this project is to build interactive physics simulations called VLEs, Virtual Lab 
Environments, that students in upper level of compulsory school can use as a tool to learn about 
basic physics.

The VLEs are to be used in relation to the physics book Titano Fysik and should be fun, engaging, 
available and of course educational. They should be made to be usable by both regular students and 
students with learning disabilities such as dyslexia. At the end of the project the VLEs will be fully 
operational and ready for launch, with possibly minor tweaks remaining.

The design of the VLEs will be based on theoretical research as well as tests performed by 
Gleerups on the target group.

1.2.1 Conceptual Design of Applications
This section describes the basic design issues of the VLEs.

When designing the simulations they must be designed with mainly two different target groups in 
mind, namely the students and their teachers. My external supervisor at Gleerups has estimated that 
to make teachers use the simulations they had to be engaging and have enough content to allow for 
at least 10-15 minutes of usage, or else they would not be considered worth to include in a lecture.

With that in mind the simulations should also be fun, easy to use and instructive to attract students, 
and teachers alike.

Each simulation will demonstrate some kind of physical law or phenomena. Basically the structure 
of each simulation will be as follows: The subject will be explained via text and audio,  the user will 
be able to try it out and will also face some sort of test to ensure that he/she has understood. Many 
simulations may be divided into several stages or levels if required.

1.3 Delimitations
This section describes limitations of the VLEs.

Due to the limitations of Actionscript 3.0 all VLEs will be designed in 2D. This is however not 
really considered to be a problem since 3D isn't required for any of the planned VLEs. Also, limited 
amounts of animated sprites must be used to avoid lag. 
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1.4 Technical Challenges
This section describes the technical challenges of implementing the VLEs.

Using Actionscript 3.0 ensures that most users will be able to run the application but it does have its 
limits when it comes to performance. The physics in the applications with collision handling and 
such may lead to computations that are somewhat heavy for Actionscript programs. If for instance 
Java was to be used instead this would probably not be an issue. For the same reasons the number of 
possible animated graphical sprites in use in the same scene is somewhat limited.

Most likely the simulations will run just fine on the average home computer, at least here in 
Sweden, but the computers used in the schools may not be very powerful machines. It is therefore 
important to make the simulations system requirements as low as possible.

Since the simulations are to be run online their file sizes must be kept to a minimum for fast 
downloads. This will be achieved by using proper compressions and formats for the graphics and 
audio used in the simulations.
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2 Theoretical Background
This chapter contains information about simulations, their importance in the field of education and 
requirements to ensure functionality.

Discovery learning is a very common way to learn new things. People gain knowledge by discovery 
learning without being consciously aware of it. Children, for instance discover words and what they 
mean by chance, understand the relationships between words and their actual physical quantities 
and also between cause and effect. Discovery learning takes place almost without any endeavor for 
the learner.

Works of Piaget and Vygotsky are important for the pedagogical aspects of simulation applications 
used for learning. The developmental theorist Piaget's philosophy of learning argues that a teacher's 
most important role is to provide children with an environment where they can engage in 
spontaneous research and exploration. Opportunities to challenge the students should be made 
available via that environment. All students have individual development processes and should be 
able to go through personal experiences at their own pace, to gain understanding and knowledge 
from these experiences. 

The act of learning things is an active process, in which errors and problems will take place and be 
dealt with. Children and adults engage in something called constructivist learning methods if the 
originality of that which is being learned is close enough to their present experience of the world.

Constructivism involves the learners active participation which will include “hands-on” activities at 
some stage, in order to make the learning experience realistic. Constructivism should be used in the 
design of simulations for learning, according to Vygotsky.

Interactions in the simulations should:

• Help students understand the relationships between issues, causes and effects.
• Keep students engaged and motivated.
• Improve the students understanding of whatever is being simulated [10].

Observations have been made that simulations can be very engaging educational tools. However 
this requires that the students interaction with the simulation is directed and driven by the students 
questioning. Simulations can be effective for teaching all ages, from middle school students to 
college graduates [1].

It has also been shown that simulations assists in student overcoming cognitive restraints 
originating from their own, often faulty, systems of belief about physical phenomenas derived from 
their own life experience [7]. 

Simulations lowers the cognitive load on students and makes learning more efficient by allowing 
students to avoid the language barrier of the highly technological terminology which is common in 
the classroom. Students are more comfortable and accurate when describing physics in terms of the 
simulations components instead of using the terminology of the textbook [5].

4



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 2 Theoretical Background

On the other hand simulations are ineffective if navigation of the application is unclear or designers 
have ignored taking pedagogical aspects into account when designing the application.

One must implement features that ensure that students have fully understood what the simulation 
depicts so that he or she does not continue to the next step or leave simulation with faulty concepts 
[6].

Generally students with higher abstract reasoning benefit more from simulation based learning. 
Steps need to be taken to ensure that students with less ability in abstract thinking understand the 
simulations as well [3].

2.1 Design Issues
This section contains information about how to design the simulations to make them as effective,  
user friendly and engaging as possible.

2.1.1 General
This section describes some general design issues.

When designing simulations for educational purposes there are, amongst others, two specific things 
to bare in mind, namely: the Coherence Principle and consistency. The Coherence Principle 
proclaims that simulations must not contain unnecessary material which distracts the user, thus 
harming the learning process. Consistency between and within simulations is also very important. 
Experienced users of the simulations will learn to use new simulations faster if they all have a 
consistent design [10].

Simulations provide students with a moving visual model which is far more simpler and more 
reliable to describe physic events rather than using text to do so. Making the visual model 
interactive also enables the student to apply changes and analyze the results. The visual models 
must be designed with care since students have shown to apply equal importance to all visual 
features [1].

Simulations should be realistic but does not have to mimic the thing it simulates perfectly as long as 
it exercises the abilities and knowledge needed in the real task. For a simulation to be realistic in the 
necessary way it should:

• implement the relationships and principles of the system it emulates.
• contain components that are detailed enough for users to make connections to their real world 

counterparts.
• Allow users to change parameters that would be changeable in the real system.
• Make users feel that they directly control the simulations components without intermediate 

steps.
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In short it is more important that the simulation works like the real system than that it completely 
resembles it. Furthermore:

• Users should be given a single clear goal for the simulations.
• Users should be provided with objects to interact with, to successfully complete the simulations.
• The environment should provide an appropriate context for the simulation.
• Interactions reactions and effects should be equivalent to the ones that would take place in the 

real world.
• Challenges that can occur in a real-world situation should be implemented in the simulation.
• Users sometimes need something to get them started with a simulation, like for instance a time 

limit [11].
• Feedback should be given when actions are completed successfully.
• Developers should implement error prevention and simple error handling.
• There should be easy ways to change effects from previous actions, like for instance an undo-

button.
• Users must feel that they control the application at all times.
• Developers should strive to reduce the short-term memory load of the user.

To avoid user frustration developers must:

• Fix all bugs and ensure that everything works properly.
• Make the application attractive and smooth running.
• Provide sufficient information for users to understand and run the applications.
• Make error messages clear and polite. [4]

2.1.2 Information
Information in the simulations can be presented using text, audio, images, animation and so on. 
This section describes the advantages and disadvantages of these various approaches. The value of 
interactivity is also discussed.

One should avoid putting to much information in the interface and use limited amount of color, 
sounds and graphics to avoid distracting and annoying the users. Interfaces that are plain and simple 
are easier to use [4]. The amount of informative text should be limited although usage of 
abbreviations should be avoided. Students mostly only read text that is attached to tools and 
controls and generally read as little text as possible during simulations. The texts should also not 
contain more than one to three words, since that has been proved to work best [2].

Information should be pointed out when it needs attending. This can be achieved by using for 
example animation, underlining of text or ordering of items.

The more attention that is paid to something and the more it is thought about and compared with 
prior knowledge, the greater the chance of remembering it becomes. This can be done by for 
instance reflecting on the provided information and carrying out exercises. The informations 
context is also a factor that affects memory. Therefore information should be presented in a fitting 
context. People are generally better at recognizing than at recalling something. They are for instance 
very good at recognizing pictures which supports use of consistent graphic components through out 
the simulations and also to limit the use of text. Different representations of the same process, like 
graphs, sounds or simulations, can be visualized and interacted with to make their relationship with 

6



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 2 Theoretical Background

each other more obvious.

Reading can be quicker than speaking or listening. Listening however, requires less cognitive load 
on the user and children often prefer to listen to narratives instead of reading the equivalent text. 
What people prefer naturally is highly independent. When using text one must bare in mind that 
some people find it hard to read small text so it should either be quite big or made scalable. 
Narrative instructions should be kept quite short in order for users to remember them [4].

Anything in the simulation that moves will attract the students attention first. This can be useful for 
directing the users attention, using various animations. However it is important to make all other 
animations interactive in some way since animation without interactivity has turned out to be, not 
entirely but quite, useless. When students are presented with non-interactive animations they accept 
what they see as a fact but fail to really understand what the animation depicts. But when 
animations are interactive the students are able to make connections with the effects of their own 
interactions. They pose questions and attempt to answer them by further interaction and are finally 
able to do so, by connecting the information from the simulation with their previous knowledge.

The level of interactivity in a simulation must be implemented with regards to what the specific 
simulation should teach. By limiting the amount of changeable parameters in a simulation, to only 
the relevant ones, the students interactions can be guided. But sometimes it has turned out to be 
necessary to allow students to be able to change parameters that do not affect the simulation, in 
order to address misconceptions about what parameters actually have any impact.

Although sometimes making objects or parameters not interactive can make the students think and 
investigate further about why. But on the other hand disabling interactivity for objects that “should” 
be changeable may lead to incorrect ideas [2].

When the change of any control results in immediate animated responses in the environment of the 
simulation, this helps students discover cause-and-effect relations and enhances their ability to 
connect multiple representations with each other [5].

Providing users with instructions and electronic coaching in digital simulations has long been a 
challenge for researchers. The main problem has been the amount of information and the limited 
space of the computer screen.

It is suggested that help and/or instructions should be implemented as a separate component in a 
simulation application. One should be able to decide whether or not to use the component or to what 
extent. When information appearing on screen disappears in the next step it often creates too much 
strain on the users short term memory, therefore instructions should remain visible for as long as the 
user wishes [10].

Instructions should not be provided in step-by-step form since it has turned out to restrict the users 
freedom of exploration, thus reducing the effects of the learning process [3].
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2.1.3 Graphical User Interface Layout
This section contains information about how to design the GUI to support the learning process.

The interface layout should be as consistent as possible, however some simulations may of course 
require variations. The basic structure should be that of a larger “work area” to the left and a control 
panel to the right. The work area will then contain objects that can be manipulated directly while the 
control panel contains other control devices such as sliders and radio buttons. The difference 
between the work area and the control panel needs to be made obvious by color, backgrounds 
and/or borders [2].

When occupying the control panel with controls, developers should limit the amount of tools and 
arrange them in small groups. Students hesitate to begin using a simulation when there are too many 
tools in the user interface (use no more than three groups with three similar tools). The layout of 
these controls should also be consistent through out all the simulations.

If a lot of different controls are needed, some of them could stay hidden until the student clicks a 
button called “advanced tools” or something similar, to make the interface less crowded.

Using familiar tools as sliders and radio buttons in the control panel is helpful for making the 
controls understandable. Giving all tool icons a 3-d look makes them look friendlier and more 
inviting to use [2].

The work area is were the actual visuals of the simulation takes place and where all objects should 
be grabbable and animated. If objects in the work area are not directly changeable with the mouse 
then they should have an attached control on or beside it. The control then becomes easier to find 
than if it would be located in the control panel, this also lessens the cognitive load on the student. 
However one must be careful not to overcrowd the work area with controls or the control panel
may be overlooked [2].

Text should be avoided in the work area. Students are more likely to read text in the work area than 
in the control panel but then it threatens to create unwanted distraction. Short text labels on tools 
and such are however okay to use [2].

The backgrounds of the simulations environment can play an important part, not only to separate 
the work area and the control panel, but also to serve as a visual cue. An example of a visual cue 
would be to for instance explain the current location of the simulation if the user could switch 
between the earth and the moon. But the backgrounds must not steal to much attention from the 
main objects in the work area [2].

Play and pause buttons are generally not found by students until they are shown to them by for 
instance some simple animation [2].
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2.1.4 Controlling the Simulations
This section contains information about how to design the user controls to support the learning 
process.

The controls of the simulation needs to be intuitive and easy to use, otherwise the students attention 
may become focused on understanding how to use the simulation rather than on exploring the 
concepts that the simulation presents. It has been shown that certain controls are preferable 
regardless of the contents of the simulation.

Click and drag with the mouse is the most natural motion for users and they will attempt to grab 
everything that looks useful in a simulation. [2]

It is worth noting that researchers have found that children in ages 9-13 can have problems using a 
drag-and-drop interface with the mouse due to undeveloped motor skills. Using point-and-click 
interaction has turned out to a lot more effective, at least in applications where there is a lot of such 
interaction going on. It should also be taken into consideration how long objects are to be moved, 
how big objects and the targets are and so on before choosing between drag-and-drop and point-
and-click interface. [9]

It is argued that it is very effective to have grabbable objects in the simulations work area which can 
be directly manipulated by the users. Usually users start a simulation by attempting to grab objects 
in the work area by instinct. This comes from the users experience with objects in the real world. [2]

Students that don't understand small features in the simulation will interact with those features to 
see what the effects to the simulation are, thus creating a working definition for that feature. 
Working definitions can be provided by labeling objects and controls in the simulation 
environment. When students discover a unknown term connected to an object they usually are able 
to create a functional working definition for the term after interacting with the object. [1]

Generally grabbable objects, sliders connected with numerical values and radio buttons for turning 
things on and off  are understandable for students.

Sliders should be used together with a numerical value which users can change directly with 
keyboard input as well as by using the slider. Usually students start out trying out the slider to see 
what effect it has on the simulation. But later when for instance performing laboratory assignments 
the students sometimes prefer to enter exact numerical values via the digital input.

Students also immediately understand the use of radio buttons while check boxes can cause some 
confusion. [2]

The tools of the interface should be as consistent as possible for the different simulations. Otherwise 
experienced users may become confused if the same sets of tools in two different simulations do not 
look alike. [2]

9
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2.1.5 Representing Objects and Environments
This section contains information about how to represent the objects in the simulation and the 
environment in which it takes place.

Simulations must provide correct visual mental models of the physics it tries to explain. These 
visuals can either be related to the real world or pure abstract visualizations. 

Using real world objects which the students recognize, further increases the students understanding 
of the simulations content. [2] 

Also, students that have higher understanding of abstract thinking learn more from simulations than 
students that don't. In order to make learning more efficient for these students as well, graphic 
components used in the simulations should have real world connections and be of higher fidelity. 
[3]

Another benefit of using realistic graphical interfaces in applications is that it enables people like 
computer novices and alike to feel more comfortable using the application. This is because if these 
people can relate to the underlying conceptual model of the application they feel more at home 
using it. However, more abstract interfaces can sometimes be much more effective to use. But these 
abstract interfaces may also appear to complicated and off putting to engage regular users. [4]

Cartoon-like features are good for representing more abstract things while avoiding to cause 
misleading literal interpretations. Sometimes real world objects also need to be made more cartoon-
like since the true appearance may be inefficient for certain simulations.

Users will test the limits of the simulations expecting reactions that are realistic. These extreme 
interactions have to be handled somehow. Users may become irritated if extreme settings of 
parameters do not create extreme responses by the simulation. At the same time such extreme 
responses still must not create distraction, by for instance being to amusing and thus making the 
student more interested in just fooling around instead of actually learning anything.

To encourage exploration, simulations should start up with either none or just a little animation. In 
order to shift students focus unto a certain object it is suggested developers use a “wiggle-me”, i. e. 
a small animated label or sign which draws attention to a certain object. [2]

When students do not understand a concept they will assign all visual cues equal importance. Thus 
it is important to direct the students focus on the objects and controls that are pedagogically 
important within the simulation. Visual features of no importance only result in increased cognitive 
load and possibly even confusion. It has been shown that color and other visual queues are much 
more powerful cues than text labels. [2]

Consistency among the representations of objects between different simulations is important. If the 
same object is depicted differently in two different simulations it will be perceived as two different 
kinds of objects. This can also cause problems when two different objects look almost the same and 
therefore are perceived as the same kind of object. [2]
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2.1.6 User Assistance
This section describes how to implement help functions which may become necessary in the 
simulations.

Users should not have to think much about how to use the application. To make it easy to 
understand the developer should provide the following:

• Useful feedback in response to user input
• Understandable and intuitive ways to interact with the environment
• Clear and easily understood instructions
• Appropriate and sufficient help [4]
 
The help should also be as short and concise as possible. In PhET simulations the help is available 
in three different levels: “Wiggle-me” which is a animated short snippet of text usually placed in the 
work area with the purpose of catching the attention of the user. The “Help!” which consists of 
about four strings of text that explains important but not obvious features of the simulation. And 
finally the “Megahelp” which describes all objects in the simulation in detail.

“Wiggle-mes” will not be used in the VLE-project since the users focus instead can be directed by 
appropriate animation of the objects which are important.

The “Help!” needs to be clear and concise but it is also important not to make it too prominent 
which may lead to users not exploring the environment by them selves. The “Help!” also is required 
to remain on screen while the student continues to interact with the simulation but must then not 
interfere with the interaction in any way. 

A version of “Help!” that was successful was the one implemented in the PhET simulation “Sound 
Waves”. It consisted of clear simple sentences near relevant objects. These sentences were not 
distracting and would remain on screen throughout the entire simulation. However it still somewhat 
guided the students behavior so it is suggested that the help should only appear upon request. [2]

2.1.7 Exploration
This section describes the value of engaging users in exploration and how to do this.

It is argued that in order to improve the users concepts of what the simulation presents, the users 
need to be in engaged exploration. This means that users are asking questions and trying to answer 
these by interacting with the simulation and analyzing the resulting effects.

Ensuring that users are engaged can be done by a teacher by assigning out homework or laboratory 
activities in which the simulation must be used. But steps can also be taken in the simulations 
design to encourage students to explore the simulation and the concept it presents.
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Some factors that have proved to encourage exploration are:

• The interactivity of the simulation.
• Small puzzles and similar challenges.
• Limited use of text.
• Strategical placing of text.
• Features that make the simulation fun.
• The simulation environment should be novel and surprising, but still understandable.
• Clear goals.

By having the simulation relate to the real world and by using suitable animation and interactivity 
one can provide the user with the necessary stimuli to make the simulation interesting.

Reasons for failure to engage users in exploration:

• Users have interacted with simulation for too short time.
• Users didn't understand how to start the simulation.
• Users were overwhelmed by the simulation and didn't now where to start.
• Users believe they already understand the concept of the simulation and thus do not explore it. 

Exploration of the simulation's environment can sometimes be unproductive. It is very important to 
avoid unneeded features in the simulation that distracts the user and causes  unnecessary 
exploration. [1]

Small puzzles and questions can be used to encourage the students to explore the simulation 
environment. These puzzles and questions can either be easily and quickly answered, which not 
only creates understanding but also increases the students confidence and motivation, or can be 
more difficult and time consuming.[1]

Simulations should be fun to engage the students using them. It is however important to keep in 
mind that each feature adds to the students cognitive load and therefore needs to have educational 
purpose.

The simulations appearance needs to be attractive. If the simulation looks like fun then students will 
want to try it out. In order to achieve this the simulation should be designed using bright colors, 3D- 
look of the controls and simple cartoon-like features. 

If simulations look complicated and unfamiliar then users are less likely to engage in the simulation 
at all. If the simulation looks like a lab workbook they are afraid of using it or don't think they will 
understand how. If advanced looking items are in the simulation they also feel uncomfortable using 
these items.

In order to encourage repeated usage of a simulation, one can design the simulation with game-like 
features. However it is then very important not to make the simulation too entertaining which could 
distract the student from learning. [1] 

Simulations must also be credible to students. Usually simulations are believed to be credible by 
users without prior knowledge about the subject but one thing that can be done to further strengthen 
the simulations creditability is to ensure there are no bugs or other errors in them. [1]
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2.2 Technical Issues
This section contains information about the technical aspects of creating the VLEs, such as what 
programming language and what external libraries to use. 

Applications should be written in a language such as Java or actionscript making them runnable 
through any standard web browser from anywhere in the world. They should be usable either during 
lectures or laboratory assignments as well as for performing homeworks.

2.2.1 Actionscript 3.0
This section briefly discusses the chosen programming language for implementing the VLEs, 
Actionscript 3.0. 

Actionscript is a scripting language commonly used for developing websites and software that use 
the Adobe Flash Player.

Actionscript produces SWF files that can be embedded into web pages. It was developed by a 
company called Macromedia which later was acquired by Adobe.

In the beginning actionscript was designed for controlling 2D vector animations in Adobe Flash but 
now it is being used for Web-based games and RIA's, Rich Internet Applications.

Even though the current version, Actionscript 3.0, is much faster than it's previous versions it is still 
not fast enough for fullscreen applications. Actionscript 3.0 has limited support for hardware 
acceleration using for instance DirectX and OpenGL. [12]

Over 95% of the worlds Internet users currently have Adobe Flash Player 9.0 installed which is 
enough to claim that applications made using Actionscript 3.0 are sufficiently available. [13]

2.2.2 Available Physics Engines
This section describes available physics engines for Actionscript 3.0.

There exists a few 2d physics engines for Actionscript 3.0. These can be used to quickly build 
worlds where physics are applied.

The Fisix Engine is an open source 2D verlet physics engine built for flash. It is written in 
Actionscript 3.0 which allows it to make use of Adobe Flash Player 9's CPU capabilities. The 
current version of the Fisix Engine is 0.5. The Fisix Engine is well documented with a complete 
API documentation, an online manual and discussion boards. [14]

The Fisix Engine focuses on usage in real-time applications that require physics to look accurate, 
while perhaps not actually being accurate. Verlet integration is used because it is quick, easy and 
stable. The Fisix Engine's library is entirely Object Oriented in it's structure. [15]

Verlet integration is a technique which models a characters bone as a point connected to more 
points via simple constraints. These verlet constraints are simpler than those in fully modeled rigid 
body systems, which results in less CPU usage for character motion. [16]
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Box2DFlashAS3 is an open source port the C++ physics library Box2D. Documentation and forums 
for the original physics library is available via that projects website. [18]

The Actionscript Physics Engine is a free open source 2D physics engine written in Actionscript 3.0 
developed for use in Flash and Flex. There exists complete API documentation. [19]

2.2.3 Additional external libraries
This section describes additional external Actionscript 3.0. libraries used to implement the VLEs.

AS3 Data Structures For Game Developers is a programming library containing data structures 
such as two- and three dimensional arrays, heaps, trees, graphs and so on. It is used by some of the 
VLEs, mostly in VLE02 and VLE10.

14



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 3 Implementation

3 Implementation
This chapter describes the resulting implementations of all the different VLEs.

3.1 General
This section contains general information about how the VLEs were implemented.

The design and implementation of all the VLEs follow a template in order to ensure as much 
consistency as possible between them. Components such as certain texts, buttons, input fields and 
so on are are always located at specific positions. This will allow user that have previously used a 
VLE to more quickly understand the others. The graphics for all VLEs have been created using 
G.I.M.P.  and Blender except for the planet images in VLE04 and VLE05 which are free-to-use 
images downloaded from the web. When graphical images needed to be rotated dynamically in the 
VLEs it was necessary to convert images to the SWF format to avoid small distortions of the 
images. This conversion was done using the SWF-tools suite. The audio used in the VLEs, mostly 
for user assistance, was recorded and edited using Audacity 1.3. All programming was performed 
using Adobe's Flex Builder 3.0, but can just as easily be done by using the free Alpha Flex Builder  
SDK in combination with Eclipse 3.3.2, on Ubuntu.

3.1.1 Standard design of the VLEs
This section describes the general design of all the VLEs.

The general visual design of the VLEs strives to make it obvious that they are connected to the book 
Titano Fysik while maintaining a friendly and cheerful look. A somewhat cartoon like style is used 
and hard edges are not allowed, almost everything has rounded corners.

In order to make the implementation of the VLEs a bit more easier and quicker the Actionscript 3.0 
physics engine The Fisix Engine is used. The Fisix Engine handles all the physics in the simulations 
such as collision detection, gravitation, basic manipulation of objects and so on. The Fisix Engine is 
further described in section 2.2.2. 1

The quality of the sound, used for user assistance, is far from perfect, however it fulfills its function 
for now and may be replaced by professional recordings at a later stage. Almost all texts in the 
VLEs are read out to the user when clicked on, thus users always have the option to either read or 
listen to instructions.

Values used in the VLEs such as masses, volumes, depths and such that the user must somehow 
find out to finish the different simulations, are generally randomly created. Either there exists a 
limited amount of predefined values that are randomly selected or the the values are randomly 
created, within certain limit values, for each run of the VLE.

Usually objects that can be manipulated in some way are animated from a VLE's startup sequence 
in order to make the users aware of these objects. There is also a blinking green arrow, the only 
object in the VLEs with sharp edges, being displayed to make users aware of the help button. Early 
tests showed that some users did not notice the help button otherwise. After that the help button has 
been clicked, the arrow is removed so that it does not further distract the user.

1 VLE06 uses Box2DFlashAS3 instead of the Fisix Engine, since the previous provides some more advanced, and 
required, functionality.
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All VLEs all have the following components (see figures 1, 2 and 3) :

1. VLE title
This is the name of the VLE. When clicked on the name and a description of the VLE is 
read out to the user.

2. Stage objective
The stage objective clearly describes what the user is supposed to do or achieve during the 
VLE's current stage. The VLEs contain between two and seven stages each. When clicked 
on the stage objective is read out to the user.

3. Work area
The work area is a large area to the left where the user performs the actual experiments and 
tests. It contains objects that can be manipulated directly.2

4. Control panel
The control panel contains control devices such as sliders, radio buttons, the correction 
button and the help button as well as input fields if the user needs to input for example the 
correct numeric values to complete the current stage objective.

5. Help button
By pressing the help button various help texts are displayed. When clicked on the help texts 
are read out to the user. When the help texts are visible the help button is changed into a 
hide help button which naturally hides the help texts when clicked on and then turns back 
into the help button. All help texts are read out to the user when clicked on.

6. Correction button
When all inputs are given the correction button appears. When the correction button is 
clicked the VLE corrects the given answers, then either marks out the errors or congratulates 
the user and possibly offers the user to continue on to the next stage of the VLE.

7. Response text
The response text is shown after that the simulation has corrected the user input. If the user 
was successful it reads “Well done!” or “Very well done! The simulation is now 
completed”. Otherwise errors are marked in red (see figure 2).

8. Next button
The next button is displayed when the users input has turned out to be accurate and there are 
stages left in the VLE (see figure 3).

2 In VLE05 stage three and VLE06 stage one and stage two, the work areas width is increased and its height 
decreased. The control panel is then placed underneath the work area. This was done because it was required for 
those simulations specific uses.  Read more in those VLEs specific sections.
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Figure 1: showing some of the basic components of a VLE.

Figure 2: showing some of the basic components of a VLE.
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Figure 3: showing some of the basic components of a VLE.
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3.1.2 Basics of implementing physics in the VLEs
This section describes the basics of how to use the physics engines.

Setting up the Fisix Engine to handle the physics of the VLEs is easily done and requires basically 
about ten lines of code (see appendix D, code snippet 1)

When creating physical bodies of objects there exists a number of options for how to do it. Usually 
CircleParticle-, WheelParticle-, Surface- and DynamicSurface objects are used either by them 
selves or in combination to create appropriate physical representations of objects. To run the 
physics engine an EventListener is added for the ENTER_FRAME event. In the function 
onEnterFrame() a call to physicsEngine.mainLoop(deltaTime) is made, the constant deltaTime 
being the seconds per frame of the application like for instance 1/30. 

Objects that never need to be moved are made static by calling the makeStatic() function that all 
these objects inherit. Code examples to instantiate and at the same time add physical objects to a 
scene is described in appendix D, code snippet 2 and code snippet 3.

For more information read through the manual and API of the Fisix Engine.

Also worth mentioning is the MouseAttacher and DisplayAttacher class of the Fisix Engine which 
is regularly used in the VLEs. 

The MouseAttacher handles the grabbing and dropping of physical objects and the different 
DisplayAttachers are used to bind images in the form of Sprite-, MovieClip- or Bitmap objects to 
the physical bodies. An example of using MouseAttachers and DisplayAttachers can be found in 
appendix D, code snippet 4. 

The Fisix Engine only fell short during the implementation of VLE06. In the end it was decided to 
use the Actionscript 3.0 port of the C++ physics library Box2D, Box2DFlashAS3, for that specific 
VLE. Code snippet 5 in appendix D describes how to set up some basic physics using 
Box2DFlashAS3. For more details see the Box2DFlashAS3 manual as well as examples available 
together with its source code.
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3.2 Virtual Lab Environment 1: Mass, Volume and Density
This section describes VLE01.

The first VLE deals with mass, volume and density which is discussed in the first chapter of Titano 
Fysik. The VLE is divided into three stages:

1. Use a scale to weigh four different objects.
2. Calculate the objects volumes by lowering them into a container filled with water and 

measuring the resulting difference in water level.
3. Calculate the objects densities and find out what substance they are made of by looking it up 

in Titano Fysik.

The objects that are examined in the VLE are a box, a tire-like object, a pyramid and finally 
something resembling a upside down “T”(see figure 4). The reason that these objects have radical 
different shapes is to emphasize that when using the container with water to get the objects 
volumes, the objects shapes do not matter.

Figure 4: The objects that the user experiments with in the first VLE.

The implementation of VLE01 is rather straightforward. To update the scale in stage one and the 
water level in stage two the application simply checks where all the objects are located during every 
change of frame and updates the graphics accordingly. The Fisix Engine handles all the physics.

The magnifying glass in stage two brings up a closer view of the water container. This enables the 
user to make a more precise reading of the water level.

20



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 3 Implementation

Figure 5: The first stage of VLE01: Mass, Volume and Density.

Figure 6: The second stage of VLE01: Mass, Volume and Density.
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3.3 Virtual Lab Environment 2: Wiring diagrams
This section describes VLE02.

In the second VLE the user creates wiring diagrams by connecting different components. The VLE 
is divided into five stages with the following objectives:

1. Connect required components and make the lamp shine.
2. Connect required components with three batteries connected in series and make lamp shine.
3. Connect required components with three batteries connected in parallel and make lamp 

shine.
4. Connect required components with three lamps connected in series and make them shine.
5. Connect required components with three lamps connected in parallel and make them shine.

Stages two to five are accompanied by control questions to ensure that the user understands some 
important facts about electrical components. For instance that the voltage increases when batteries 
are connected in serial and that when lamps are connected in parallel the other lamps continue to 
shine when the other is removed from it's socket.

The user pulls out components into the work area from the control panel. All these components 
have two nodes each which are used to connect the components together. To disconnect 
components the user simply double clicks on the node connection. Initially clicking on a node 
connection would result in a menu where the option to disconnect would be displayed. That 
however was considered to be an unnecessary intermediate step. The available components are (see 
figure 7):

1. Wire
The wires only purpose in VLE02 is to connect components together. The user can connect 
components directly with each other but the resulting wiring diagram would be extremely 
crowded. When a circuit becomes complete, meaning that electrical current can flow from 
the batteries negative terminal to it's positive, then the wires are painted in yellow and 
arrows show the direction of the current. The user has 20 wires at his or her disposal.

2. Battery
The battery is what supplies the power to the electrical circuits. The electrical current in a 
complete circuit starts from the lower node of the battery, which represents the negative 
terminal of the battery. The current ends at the batteries upper node, which represents it's 
positive terminal. There are three batteries available.

3. Lamp
When electrical current passes through a lamp in a complete electrical circuit the lamps are 
lit. How strong the lamps light is depends of the number of batteries connected in series as 
well as the number of lamps connected in series. There are three lamps available. When in a 
complete circuit the light bulb can be unscrewed from the socket by clicking on it.

4. Switch
The switch is not actually necessary to complete any of the stages in the VLE but it is a 
component that the students should be aware of. The switch breaks a complete circuit when 
it is open. There is only one switch available.
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Figure 7: Components in VLE02. From the left: Wire, battery, lamp and switch.

The main reason for the limited number of components is that to many components in the work area 
easily makes the application perform quite badly on less powerful computers and that you don´t 
really need more components to understand what the simulation attempts to teach.

There are no input fields in the control panel of this VLE, since there is no need for any, there is 
neither any correction button. Instead there is the Change Graphics Button and the Clear Button, 
which allows the user to change the component graphics between regular mode and schematic mode 
and clears the work area from components, respectively. In the schematic mode symbols are used to 
portrait the components instead of the regular sprites (see figure 8) except for the wires which still 
look the same.

Figure 8: Components in VLE02 in schematic mode. From the left: Battery, lamp and switch.

VLE02 uses another external library, besides The Fisix Engine, namely AS3 Data Structures For 
Game Developers. This library contains data structures such as two- and three dimensional arrays, 
heaps, trees, graphs and so on. VLE02 uses a graph and its nodes as an abstract representation of all 
the component nodes in the wiring diagram. The connections between the component nodes are arcs 
between the nodes in the graph. This data structure made the construction of an algorithm to 
calculate the chosen path of the electrical current a whole lot easier. 
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To calculate the path of the electrical current a modified shortest path algorithm was implemented. 
Below is the pathfinder algorithm in pseudo code:

pathfinder(currentNode, targetNode, path):void
{

if(currentNode = targetNode)
{

pathsContainer.push(currentNode)
return

}
else if(path does not contain currentNode)
{

path.push(currentNode)
for(i = 0; i < currentNode.numArcs; i++)
{

var nextNode = currentNode.arcs[i].node
pathFinder(nextNode, targetNode, path)
path.pop()

}
else
{

return
}

}
}

This algorithm runs until all nodes in the graph have been visited. For every node it checks all 
adjacent nodes. The search is performed depth-first and if the algorithm starts backing up the tree 
again the previously added nodes are removed from the path. When the algorithm reaches the 
destination node the current path is stored in a container and the algorithm continues (see figure 9).
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1. Path: {A} 2. Path: {A, B} 3. Path: {A, B, C}

4. Path: {A, B} 5. Path: {A} 6. Path: {A, C}

7. Path: {A, C, F} 8. Path: {A, C, F, H} 9. Path: {A, C, F, H, J}

10. Path: {A, C, F, H} 11. Path: {A, C, F} 12. Path: {A, C}

13. Path: {A, C, G} 14. Path: {A, C, G, I} 15. Path: {A, C, G, I, J}

Figure 9: A step by step example of a graph with the pathfinder algorithm applied to it. The source 
node is the node furthest to the left and the destination node is the node furthest to the right. Paths 
are added to the path container in steps 9 and 15. After step 15 the algorithm backs up to node A 

and then ends.

25



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 3 Implementation

The pathfinder algorithm provides the VLE with all possible paths in the circuit, but only the paths 
with the least resistance will be traversed by the electrical current. 

A second rather simple algorithm calculates the cost (resistance) of each path, every arc between the 
nodes in the graph has an attribute called cost which has been previously set, and sorts out the paths 
with the lowest cost. 

If the same circuit contains several batteries this will cause multiples of the same paths, only with 
different arrangements of the traversed nodes. These potential multiples are removed before 
proceeding.

Thanks to the structure of the pathfinder-algorithm the nodes in the path are sorted in the correct 
order immediately. The path of the electrical current is drawn by starting from a batteries negative 
terminal, which is the node lying first in the selected path, and then by continuing drawing to the 
rest of the nodes in the path until the last one, the same batteries plus terminal, is reached (see figure 
10). However, since electrical current is said to go from plus to minus the arrows showing the 
currents direction are rotated to point in the right direction.

Figure 10: Screen shot from VLE02. The circuit is connected and the currents path is displayed. 
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3.4 Virtual Lab Environment 3: Temperature and Molecular Movement
This section describes VLE03.

VLE03 demonstrates how molecules react to cold and heat. The user must find the melting and 
boiling points of different substances by applying heat or cold to a container filled with the specific 
substance (see figure 11). VLE03 is divided into three stages:

1. Find melting- and boiling point for the substance, input in degrees Celsius.
2. Find melting- and boiling point for the substance, input in degrees Celsius converted from 

Kelvin.
3. Find melting- and boiling point for the substance, input in degrees Celsius converted from 

degrees Fahrenheit.

Figure 11: VLE03 with acetone as the current substance.

The user changes the temperature in the container by pushing either the heat button or the freeze 
button. It is also possible to change the temperature by direct input, i.e. clicking the temperature 
display and using the keyboard to input a numerical value. The higher the temperature becomes the 
more red the work area becomes, and in contrast, the colder it gets the more blue the work area 
becomes.

The maximum temperature possible in this VLE is set to 300 degrees Celsius. This limit is 
implemented since the user is not required to try any higher temperatures to complete the VLE. If 
the user was allowed to use higher temperatures anyway, it would only lead to waste of time and 
eventually the heat would get so intense that the user would expect some kind of extreme response.
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The representations of the the molecules of the current substance inside the container move 
differently depending on the current temperature. Basically there are four different stages of 
movement for the molecules:

• Absolute zero
At minus 273 degrees Celsius the molecules are completely static. 

• Below melting point
The molecules move slightly. They are now in the solid state (see figure 12).

• Above or equal to melting point
In the liquid state the molecules start to move around more fluid-like (see figure 12).

• Above or equal to boiling point
The molecules are now in the gas state and are bouncing around violently inside the container 
(see figure 12).

Figure 12: From the left: Solid state, liquid state and gas state.

The molecules all have physical bodies and are contained inside the Fisix Engines bounding box, 
which is actually used as the containers body. This proved to make the applications perform more 
CPU-efficient than when building the containers body using the Fisix Engines Surface class.

The physical bodies of the molecules, CircleParticles which are two dimensional spheres, grow 
larger in radius the higher the temperature gets. The physical bodies are not rendered so when the 
bodies get bigger than the molecules actual graphics, it creates the illusion that the molecules are 
compacted less dense during higher temperatures (see figure 13). This is done to simulate the fact 
that a material has lower density when heated than when it´s cold. Water acts a bit differently 
compared to other substances but this is also taken into account in the VLE.
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Figure 13: VLE03 with the molecules physical bodies rendered. During higher temperatures the 
physical bodies grow larger which makes the molecules seem less dense.

The actual movement of the molecules is done by creating randomly positioned explosions and 
implosions inside the container, using the Fisix Engine's explode() function, as well as changing the 
gravitation and draft. During absolute zero the molecules do not move at all. When in solid state the 
random explosions and implosions have very low power and Fisix Engines bounding box upper 
border is lowered to keep the molecules down.

In the later liquid state gravity is set to zero and the draft is increased to make the molecules seem to 
float around and better resemble a liquid. The bounding box upper part is raised somewhat but still 
keeps the molecules from suddenly jumping away to far. The force of the explosions and 
implosions are somewhat increased.

Finally in the gas state the bounding box upper part is raised in level with the containers lid, gravity 
is set to zero and the force of the explosions and implosions become very powerful to make all the 
molecules bounce around violently.
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3.5 Virtual Lab Environment 4: Our Solar System
This section describes VLE04.

In VLE04 the user travels around in our solar system using a space ship (see figure 14). In order to 
complete the VLE the user has to name all the planets and answer three questions about them 
correctly. This simulation does not use the control panel for user input. Instead, when the user lands 
on a planet, a new window pops up and provides the questions and related optional answers (see 
figure 15). When the user has answered all the questions the window is closed and the input is 
corrected. If the user got all answers right the planet turns green and the user is awarded 600 points. 
If the user got one or more answer wrong the planet turns red. The user then has to go back to the 
planet and correct the faulty answer, or answers. After that the planet turns green and the user is 
awarded 300 points.

There is a timer running in this VLE but there is no time actual limit. The timer is used to motivate 
the users to try the VLE again and finish it quicker. In the end the user is awarded with a specific 
amount of points. The amount of points depends on whether the user answered questions about the 
planet correctly on the first try or not and also on the time spent on finishing the simulation. There 
are in total five questions per planet where three are used every time the VLE is run.

The ship is equipped with ten so called nitro bursts which fires the ship forward with very high 
speed. The yellow bar at the left displays how many bursts remain. This was implemented to add 
some more fun to this game-like VLE, as well as to add a very basic strategic element to utilize in 
order to finish the simulation as quick as possible. This VLE is one of the few that requires 
keyboard input. The arrow buttons steers the space ship and the space bar activates the nitro bursts.

Figure 14: The space ship passing the sun in VLE04. The map in the lower left corner displays  
where all the planets and the ship are currently located.
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Figure 15: The window that displays the questions about the planets.

The implementation of this VLE is very straightforward but it does however have a problem. The 
size of the solar system and all the planets moving around in it causes lag on computers with less 
processing power. It is most likely not a problem for students who are using their computers at 
home but older computers that are used in their schools may not be powerful enough to make this 
VLE enjoyable.

The background in the work area is actually a large Sprite object which has stars painted randomly 
on it. It basically scrolls in the opposite direction when the ship is moved. All the planets, as well as 
the ship, are children objects of this background and therefore follows it when it moves. Since the 
ship both moves from user input and follows the scrolling background it stays in place in the middle 
of the work area while creating the illusion that the ship actually moves through the universe. 
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This is the scroll algorithm in pseudo code for the x-coordinate only (it is the same for the y-
coordinate):

//set xPos to negative ships positions x-coordinate minus the work areas width
xPos = -(ship.Position.x – workArea.width / 2)
//background is the Sprite serving as the background with the stars and planets
if(background.xPos < xPos)
{

if(background.xPos < background.width/2)
{

 background.xPos += (xPos – background.xPos)*
}

}
else if(background.xPos > xPos)
{

if(background.xPos > -background.width/2 + this.width/2)
{

 background.xPos -= (xPos – background.xPos)*
}

}
* In the actual VLE a constant is also added and subtracted respectively to this 
value to compensate for the placement of the outer borders of the simulated 
solar system.

Figure 16: The blue rectangle represents the entire VLE, i.e. The control panel and the work area.  
The work area is the gray area inside the blue. The yellow circle is the border of the universe. As 

the ship moves to the right the background Sprite is shifted to the left.
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3.6 Virtual Lab Environment 5: Forces and Friction
This section describes VLE05.

VLE05 deals with forces and friction and is the first out of two VLEs that are connected to chapter 
five in Titano Fysik. It is divided into four different stages:

1. Examine the effect of volume and mass on different objects fall time.
2. Examine gravitations effect on different objects fall time.
3. Use a dynamometer to get the friction force for an object with varying weight, standing on 

different ground materials.
4. Apply forces to a box placed on ice and calculate the magnitude of the required force to 

immobilize the box.

In the second stage different backgrounds are used to further emphasize where the simulation 
currently takes place. The locations used are Earth, the Earths moon and Mars. In the final stage the 
background is a layer of ice which would make the cartridge easy to move without friction. The 
background surface also makes it obvious that the view during the last stage is top-down.

In the first two stages the user simply drops items from a given height, which activates a timer that 
stops when the item hits the ground (see figure 17 and 18). The third and fourth stage also are 
implemented using existing classes and functions available via The Fisix Engine. In order to make 
the third stage more functional the work area has been made wider and the control panel put 
underneath it (see figure 19). This allows the user to attempt to pull the box without acceleration for 
a longer distance before hitting the bounding box border.

To calculate the correct friction force and the force required to make the box move in stage three 
formula 1 and formula 2 are used respectively. There are only two materials used for the surfaces 
that the box stands on, namely ice and leather, with the following coefficients:

Material Static friction Sliding Friction

Ice 0,10 0,02
Leather 0,27 0,4

Formula 1 and 2: f = frictional force, N = normal force, u = sliding frictional coefficient, 
us = static frictional coefficient.

The actual force applied to the box is set using the distance between the dynamometer's body and 
it's attachment point on the box.

The round off during correction of the input values in stage three and four is quite large with 
regards to the true values. However these simulations main purpose is only to make the user 
understand the basics of how forces and friction work. Stage three shows that the required force to 
make the box move is greater than the required force to keep it moving. And stage four shows how 
several forces and resultants work.
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Figure 17: The first stage of VLE05 where the user examines if mass and/or volume influence the 
time it takes for the objects to fall a given distance.

Figure 18: The second stage of VLE05, where the effects of gravity on the time it takes for an object  
to fall a given distance are studied.
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Figure 19: The third stage of the VLE where the user searches for the force of friction for various 
weights and on different materials, using a dynamometer connected to a box.

Figure 20: The fourth and final stage of VLE05 where the user must input the magnitude of the 
force that makes the resultant of all forces applied to the box be equal to zero.
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3.7 Virtual Lab Environment 6: Seesaw and Pendulum
This section describes VLE06.

VLE06 is the second VLE connected to chapter six in Titano Fysik. This VLE presents two classic 
physics labs. In one the user experiments using a seesaw/scale and in the other a pendulum. The 
VLE is divided into four stages:

1. Use seesaw/scale and weights and find the length of the lever arm when equilibrium is 
achieved.

2. Use seesaw/scale, some weights with known masses and the equation of equilibrium to 
calculate some other weights masses.

3. Time a pendulums swing while changing variables using a departure angle of 60 degrees.
4. Time a pendulums swing while changing variables using a departure angle of 30 degrees.

Creating a functional seesaw or scale turned out to be hard with the tools available via the Fisix 
Engines API. It seems in the current version it is not possible to create a surfaces that can revolve 
around an axle located in its center. In the end in order to create a functional seesaw, or rather a 
scale, an entirely different physics engine had to be used. The choice fell on Box2DFlashAS3. This 
port from the C++ physics library seemed to be very well established and it's documentation had 
actually improved from when this project was initiated. Box2DFlashAS3 is slightly more 
complicated than the Fisix Engine but also holds more advanced features. 

Using Box2DFlashAS3 creating the scale went smoothly. However the layout of the VLE needed to 
be changed (see figure 21). This was done to increase the length of the scale and thus increasing the 
variation of the different torques created from hanging the weights on various positions. Code 
snippet 6 in appendix D describes how to create a physical representation of the scale using 
Box2DFlashAS3.

In order to create  the hangers that the weights are placed on one simply creates a smaller polygonal 
board and then instantiates two b2DistanceJoint objects connected to the smaller boards edges and 
the seesaw board on the spot directly above (see figure 21). The b2Distance object is instantiated 
using the code as described in appendix D, code snippet 7.
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Figure 21: The first stage of VLE06. The user needs to find the length of lever arm to the right of 
the fulcrum during equilibrium.  

Creating a pendulum using Box2DFlashAS3 instead of the Fisix Engine also gave a better result. 
When using the Fisix Engine the pendulum slowed down too quickly. Code snippet 8 in appendix D 
describes the creation of a physical representation of the pendulum using Box2DFlashAS3.

Figure 22: The third stage of the VLE. The user times the swing of a pendulum.
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3.8 Virtual Lab Environment 7: Pressure
This section describes VLE07.

In VLE07 the user performs experiments regarding pressure. The VLE is divided into five stages, 
where the first three however, are part of the same experiment:

1. Use a scale to find the masses of four cubes.
2. Use a ruler to measure the sides of the cubes and calculate their areas.
3. Calculate the pressure that the cubes apply to the ground they stand upon.
4. Find the boiling points of water during different atmospheric pressures.
5. Examine the effects of buoyancy and calculate different objects weights when placed in 

water.

This VLE consists mostly of somewhat altered versions of previous VLEs, more precisely VLE01 
and VLE03. The Fisix Engine API provides all the necessary classes and functions to make things 
work. In stage four formula 3 is used to calculate the boiling points for the different atmospheric 
pressures. 

Formula 3: This formula calculates waters boiling point during atmospheric pressure p in psi (1 
psi (lb/in2) = 6,894.8 Pa (N/m2) = 6.895x10-2 bar). The result is given in degrees Fahrenheit and 

in the case of this VLE has to be converted into degrees Celsius.

In the final stage the VLE always keeps track of the objects positions, just as it does in VLE01, but 
instead of just raising the water level when the object ends up in the water glass it performs other 
actions as well. It makes a control to see weather or not the current objects density is greater or less 
than the density of water. If the objects density is greater, then the object sinks as usual, if not then 
the VLEs FisixEngine object's gravity is set to a negative value while the object is in the water. This 
makes the object float upward. When the object reaches the water surface, the objects velocity and 
gravity is set to zero to simulate an object floating.
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Figure 23: The third stage of VLE07 where the user calculates the pressure caused by each cube on 
the surface they stand on. The values used have been collected during the two previous stages.

Figure 24: The fourth stage of VLE07. The user must input the boiling point for water during 
different atmospheric pressures.
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Figure 25: The fifth and final stage of VLE08 where the user must calculate the weight of the 
different objects when they lie in the water container.
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3.9 Virtual Lab Environment 8: Acoustics
This section describes VLE08.

VLE08 deals with basic acoustics. The VLE is divided into two stages:

1. Calculate the frequencies of four different notes (see figure 26).
2. Use a primitive echo sounder to calculate the depths of various objects (see figure 27).

In the first stage the user has to calculate the frequencies for four different notes. The user chooses 
notes by clicking on radio buttons in the control panel. The user can also change the amplitude of 
the sound, which is not necessary to complete the stage. By providing the possibility to change the 
amplitude, the user will hopefully understand the effects of different amplitudes and also understand 
that it does not effect the frequencies of the sound.

Initially the VLE was also supposed to display another graphical respresentation of the sound. Air 
particles would be used to show how sound translates on a molecular level. Handling the collsions 
between all these particles however turned out to create too much lag and therefore that idea was 
scrapped.

In the second stage of VLE08 all movable objects are animated by moving them itteratively during 
every change of frame. When the objects underneath the surface are clicked it initiates an 
animation, which displays the sound waves path to the object and back to the echo sounder. For the 
moving objects the user must try to keep his boat above the object through the entire echo sounder 
animation to be able to compute the correct depth. Otherwise the soundwave will travel too far.

Figure 26: The first stage of VLE08 where the user must calculate the frequencies of the the 
different notes.
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Figure 27: The second stage of VLE08. By clicking on the objects in the water the boats echo 
sounder is activated and the user is provided with the time it takes for the sound to travel back and 

forth between the boat and the specified object.

42



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 3 Implementation

3.10 Virtual Lab Environment 9: Optics
This section describes VLE09.

In VLE09 the user learns about optics. The VLE is divided into four stages:

1. Find the reflection angle of light against a mirror.
2. Find the focal distance of various lenses.
3. Find the lenses to correct various defects of vision.
4. Draw lines to find the location of a virtual image created by a lens.

The first stage of VLE09 (see figure 28) is very simple and for a while was to be removed from the 
VLE for this reason. But during an unofficial testing session with a 14-year old test subject who had 
had classes in the specific subject, the fact that the reflection angle equals the angle of incident was 
not obvious at first. The discovery of this simple fact seemed to please the subject and therefore 
motivated her further to keep using the simulation. For this reason it was decided to keep the stage 
purely for the possible increase of motivation.

Figure 28: The first stage of VLE09 demonstrates that the angle of reflection equals the angle of  
incident.

In the second stage the user bends light rays using different lenses and measures their focal 
distances with a ruler (see figure 29). When the a concave lens is being used blue helplines are draw 
to help the user measure the focal distance (see figure 30). The bending of the light rays is rather 
straightforward. For every frame the application keeps track of the different lenses position, The 
position of the light emitter is static so when a certain part of a lens is placed where a light beam 
hits it, the light rays direction is angled. How much depends on the lens focal distance and where on 
the lens the light ray strikes.
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Figure 29: In stage two of VLE09 the user measures the focal distance of convex and concave 
lenses.

Figure 30: When concave lenses are used blue help lines are drawn to further assist the user.
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The third stage is implemented in the same way as the second. The user objective however is to find 
the right lens to fix different sight problems. More exactly the user has to find the correct lens by 
placing it at a predetermined spot in front of the eye and make the light rays going into the eye and 
cross at the cornea (see figure 31).

Figure 31: The third stage of VLE09 where the user must find the correct lens to make the light  
rays cross on the different eyes corneas. 

In the final stage of VLE09 the user simply draws lines from a candle´s flame, as described in 
Titano Fysik, in order to find where the virtual image ends up. The x-coordinate of the mouse cursor 
are displayed in the top right corner and the user inputs the x-coordinate of the virtual images to 
finish the simulation (see figure 32).
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Figure 32: In the fourth and final stage of VLE09 the user must find the location of virtual images 
produced by different lenses, by drawing lines originating from a candle light.
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3.11 Virtual Lab Environment 10: Advanced Wiring Diagrams
This section describes VLE10.

In the final VLE the user returns to the wiring diagrams once again. However this time things are 
slightly more complicated. The switch has been removed and the following components have been 
added:

1. Resistor
The resistor obviously adds resistance to the electrical circuit. Several connections can be 
made to the resistors nodes. If multiple resistors are connected in series, their resistances are 
added to each other as in formula 4. If resistors are connected in parallel however, the 
resulting resistance (R) is calculated using formula 5.

2. Amperemeter/Voltmeter
The voltmeter and amperemeter is actually the same device. The user switches between 
measuring the potential difference and the electrical current by pressing the buttons marked 
U and I respectively.

When the amperemeter is connected in a complete circuit it displays the amperage. 

When the voltmeter is connected to two different points in a complete electrical circuit it 
displays the electrical potential difference between these two points.

R1R2...Rn=R

Formula 4 and 5: I = R1, R2, … , Rn = Resistance of resistors 1, 2, … , n connected in parallel, R = 
Total resistance in circuit.

Figure 33: From the left: Resistor, voltmeter and amperemeter
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Every stage also includes a schematic blueprint describing a wiring diagram, which the user has to 
set up using the available components (see figure 34).

Figure 34: Some wiring diagram schematics used in VLE10.

The VLE is divided into seven stages:

1. Create the provided wiring diagram and measure the amperage and the voltage of the 
resulting electrical circuit.

2. Calculate the resistance of the lamps and resistors in the electrical circuit.
3. Calculate the total resistance in the electrical circuit.
4. Calculate the total resistance in the provided wiring diagram. 
5. Calculate the total resistance in the provided wiring diagram.
6. Create the provided wiring diagram and measure the amperage and the voltage of the 

resulting electrical circuit.
7. Calculate the total resistance in the electrical circuit.

This VLE is implemented the same way as VLE02 except for the new components and a few 
changes to make the voltmeter and amperemeter function properly.

The amperage is calculated by dividing the total voltage in the circuit with the total resistance in the 
circuit (see formula 6). The potential difference is calculated by dividing the total resistance 
between the voltmeters connection nodes with the total resistance in the circuit and multiplying the 
result with the total voltage of the circuit (see formula 7).

I=V
R V p=

R p

R
⋅V

Formula 6 and 7: I = Amperage, V = Total voltage in circuit, R = Total resistance in circuit, 
Vp = Potential difference, Rp = Passed resistance (between the voltmeters nodes).
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Figure 35: Measuring voltage in the electrical circuits of VLE10.
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4 Tests and Analysis
This chapter describes the tests performed by Gleerups where three simulations where tested on 
students of ages 13-15 and the results.

As stated in the established contract Gleerups performed tests on the target groups for the VLEs. 
Unfortunately they only had time to test three out of the ten separate applications implemented in 
this project, but some of the observations made from the results can be used to motivate changes to 
other VLEs as well, see section 4.3.1. The tested VLEs are: VLE01, VLE03 and VLE04.

4.1 Method
This section describes how the VLEs were tested.

The test group consisted of 15 students, although only 14 for VLE04, where four were female and 
the rest male. The students ages spanned from 13 to 15. After having tested a simulation the 
students filled in the survey found in appendix E.

4.2 Results
This section describes the test results and visualizes them using graphs. 

It is important to point out that some minor bugs still existed when these applications where tested. 
These bugs had a negative impact on the results and have been taken care of for the final versions of 
the VLEs. These changes are discussed in section 4.3.1.

4.2.1 VLE01
This section describes the test results for VLE01.

Very entertaining

Entertaining

Neither entertaining
or boring

Boring

Very boring

Diagram 1: Results from asking test subjects how entertaining it was to use VLE01.

Most users found VLE01 to be neither more or less entertaining compared to other learning 
activities. However a few did find it more enjoyable and none of the users found it boring.
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Very easy to use

Easy to use

Neither easy or
hard to use

Hard to use

Very hard to use

Diagram 2: Results from asking test subjects how user friendly they found VLE01.

The three test subjects that found VLE01 hard to use pointed out that this was because the weights 
slipped of the scale, the zoom button was not obvious enough and that the calculated densities were 
wrong. The densities are not wrong but some users seemed to have misunderstood the instructions 
for this VLE. These issues were dealt with after the tests, see section 4.3.1 for more information.

Much more 
understandable

More
understandable

Neither more or
less understandable

Less 
understandable

Much less 
understandable

Diagram 3: Results from asking test subjects if they understood the specific subject better after  
using VLE01.

Most user found no immediate change in how well they understood the subject of the simulations. 
However this may of course not be an issue if they already fully understand what the VLE attempts 
to explain. This VLE describes very basic physics that most likely are not so hard to understand in 
the first place. This particular question is present mostly to ensure that the users are not confused 
after using the VLE. The test subject who thought the VLE made things less understandable did not 
seem to fully understand the provided instructions, see section 4.3.1 for more information.
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4.2.2 VLE03
This section describes the test results for VLE03.

Very entertaining

Entertaining

Neither entertaining
or boring

Boring

Very boring

Diagram 4:  
Results from asking test subjects how entertaining it was to use VLE03.

VLE03 was found to be more entertaining than VLE01, which actually was unexpected because of 
the limited interaction (the user can only adjust the temperature value).

Very easy to use

Easy to use

Neither easy or
hard to use

Hard to use

Very hard to use

Diagram 5: Results from asking test subjects how user friendly they found VLE03.

The results say that VLE03 was the least user friendly VLE but the mean value still lies above the 
middle value. However, three users that find it hard to use are three too many. These three test 
subjects stated that the reason for their difficulties mostly depended on that it was hard to find the 
melting point. This because the difference in molecular movement between the solid and the liquid 
state was to subtle. Steps have been taken to deal with this as described in 4.3.1.
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Much more 
understandable

More
understandable

Neither more or
less understandable

Less 
understandable

Much less 
understandable

Diagram 6: Results from asking test subjects if they understood the specific subject better after  
using VLE03.

It is important to point out that not all users had read about the subject portrayed in VLE03. Overall 
the result is good with about half the test subjects feeling they understand the subject better after 
using the simulation. 

4.2.3 VLE04
This section describes the test results for VLE04.

During the test of VLE04 test subject number ten apparently no longer was present.

Very entertaining

Entertaining

Neither entertaining
or boring

Boring

Very boring

Diagram 7: Results from asking test subjects how entertaining it was to use VLE04.

The entertainment value of VLE04 was, not surprisingly, the highest of the three tested VLEs. This 
is most likely because of it's game-like features. It places the user outside the regular physics lab-
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like environment of the other VLEs, which may be somewhat boring, and also provides some 
competitive aspects. This result suggests that similar simulations should be implemented within 
some game-like context, more then just requiring the correct input to get to the next stage, to make 
them more engaging to the users.

Very easy to use

Easy to use

Neither easy or
hard to use

Hard to use

Very hard to use

Diagram 8: Results from asking test subjects how user friendly they found VLE04.

VLE04 also scored the highest for usability, even though it requires more use of the keyboard than 
other VLEs. Another factor may also be that the users mostly provide their input using radio buttons 
to select between different predefined answers instead of typing the answers.
 

Much more 
understandable

More
understandable

Neither more or
less understandable

Less 
understandable

Much less 
understandable

Diagram 9: Results from asking test subjects if they understood the specific subject better after  
using VLE04.

Similar to the results from VLE01 and VLE03 the subject of the VLE is either more understandable 
than it was before using the VLE, or unchanged. As with VLE03 some of the users had not 
previously read about the subject of this VLE.
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4.3 VLE Functionality
This section describes the perceived functionality of the VLEs after the tests.

Gleerups where pleased with the results of the tests and after performing the changes described 
below the VLEs are considered to be successful. However, further tests especially of the untested 
VLEs should be performed in the future to ensure functionality.

4.3.1 Applied changes after tests
This section describes the changes made to the tested VLEs after the tests.

These changes and fixes were made to the VLEs after the tests:

• VLE01

• Objects sliding off the scale was annoying to many of the users. This was an oversight 
that was easily taken care of by setting the objects acceleration to zero on collision with 
the scale.

• The zoom button by the container with water in stage two was animated during stage 
two's initiation to make it more obvious. The same was done with the zoom button in 
VLE07 as well as the play/pause button in VLE08.

• A few users had problems noticing that in the final stage they are supposed to input 
substances names and not their densities. To make this more obvious this was further 
emphasized by pointing it out in the response message, shown when faulty input is used. 
This was used in other VLEs as well, where similar misconceptions were considered 
possible.

• VLE03

• The users were originally only able to change the temperatures using the buttons 
available in the work area. Now users can directly input the values using their keyboard.

• Many users had trouble to find the actual melting point of the different substances. The 
difference in molecular movement between the solid and the liquid state was therefore 
enhanced.

• VLE04

• Originally the users answers was not corrected until all planets had been visited. Most 
users wanted to know exactly what questions they answered wrong and they wanted to 
have their answers corrected immediately after answering all questions about a planet. 
This was considered to be reasonable as well as time efficient and therefore was 
implemented.

• The color of the response text was changed into white, to make it more visible against 
the dark background.
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5 Discussion
This chapter discusses the results from the tests and theoretical studies performed in this project. 

While viewing the comments left by the test subjects on the surveys it is obvious that the type of 
applications produced in this project are generally liked more by certain users than others. However, 
VLE04's game-like features seem to attract almost all users. It scored undoubtedly best for the 
entertainment factor and was also, even though some of the test subjects complained about lag, 
most well received for usability. However one must also keep in mind that it is likely that the actual 
subject of space is more interesting and exiting to most users than for instance mass, volume and 
density. Naturally it will be easier to make certain simulations more engaging than others depending 
on their subjects.

It is my firm belief that the entertainment aspect of an application such as this will allow smaller 
glitches in the application to be overlooked by the user. Naturally I am not suggesting to let the 
applications have unhandled errors but I believe that all applications should be implemented with 
various game-like features. The balance between fun and education must of course be maintained 
but the power of the “fun-factor” must not be overlooked.

The easiest way to implement game-like features in applications such as these (mainly simulations 
dealing with the nature sciences, i. e.  physics, chemistry, biology and math) should be to either use 
arcade game-like structures such as in VLE04 and stage two of VLE08, or some kind of 
adventurous background story to bind all simulations together (like the classic math game Cheops 
Pyramid). Optionally a combination of both.

When designing and implementing the applications it obviously is very important to provide users 
with clear instructions and to always keep in mind that features that may seem obvious may not 
always be. Users should not be guided through the simulations but sometimes require a push in the 
right direction. Some form of testing of the applications is definitively required before they can be 
officially released.

5.1 Future Work
This section discusses possible future work in connection with this project.

More tests need to be performed especially for the untested VLEs. It would also be interesting to 
see if the VLEs effect the final test results for the students using them. That however, will only be 
possible to examine once the VLEs are officially released and have been in use for a whole term.

More in depth tests of the VLEs should also be performed by recording the test subjects actions by 
using a desktop recorder like for instance CamStudio and then analyzing the recorded video.

Gleerups are interested in future work designing similar applications for chemistry and biology 
books in the same series as Titano Fysik. The same basic structure of the simulations created in this 
project could most likely be used  for other simulations as well. But naturally they will ultimately 
have to be adapted to fit the actual content. Other publishers have also expressed interest in this sort 
of  applications.
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6 Conclusion
This chapter contains the conclusions derived from both the theoretical and practical studies 
described in this report.

When designing interactive applications for increased learning it is very important to make the 
applications engaging and entertaining to use. The entertainment value must however be balanced 
against the learning aspects and not be distracting from the true purpose of the application. To make 
as many users as possible enjoy the applications it is suggested that they should be designed and 
implemented using game-like features.

User instructions must be clear and should be provided in multiple ways, via text, audio, video and 
so on, to make them understandable to as many different individuals as possible. Users should not 
be guided through the applications but may require a push, or a few pushes, in the right direction.

Naturally many other aspects play a major part in creating successful applications for learning with 
regards to the design of the user interface. All these however are described in detail in chapter two 
of this report.

Testing of the applications on the actual target group is very rewarding, and often crucial to create 
successful digital learning tools.
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8 Appendix
This chapter contains use case diagrams, flowcharts and UML diagrams for the VLEs. It also holds 
the test results from the tests performed by Gleerups.

8.1 Appendix A: Use Case Diagrams
This section contains all the use case diagrams for the VLEs.

Figure A.1: use case diagram for VLE01.
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Figure A.2: use case diagram for VLE02.
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Figure A.3: use case diagram for VLE03.
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Figure A.4: use case diagram for VLE04.
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Figure A.5: use case diagram for VLE05.
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Figure A.6: use case diagram for VLE06.
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Figure A.7: use case diagram for VLE07.

66



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 8 Appendix

Figure A.8: use case diagram for VLE08.
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Figure A.9: use case diagram for VLE09.
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Figure A.10: use case diagram for VLE10.
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8.2 Appendix B: Flowcharts
This section contains all the flowcharts for the VLEs.

Figure B.1: Flow chart diagram for VLE01.
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Figure B.2: Flow chart diagram for VLE02.
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Figure B.3: Flow chart diagram for VLE03.
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Figure B.4: Flow chart diagram for VLE04.
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Figure B.5: Flow chart diagram for VLE05.
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Figure B.6: Flow chart diagram for VLE06.
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Figure B.7: Flow chart diagram for VLE07.
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Figure B.8: Flow chart diagram for VLE08.

77



Luleå university of technology Andreas Risberg
January 26, 2009 Chapter 8 Appendix

Figure B.9: Flow chart diagram for VLE09.
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Figure B.10: Flow chart diagram for VLE10.
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8.3 Appendix C: Class Diagrams
This section contains all the Class diagrams for the VLEs.

Figure C.1: Class diagram for VLE01.
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Figure C.2: Class diagram for VLE02.
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Figure C.3: Class diagram for VLE03.
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Figure C.4: Class diagram for VLE04.
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Figure C.5: Class diagram for VLE05.
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Figure C.6: Class diagram for VLE06.
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Figure C.7: Class diagram for VLE07.
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Figure C.8: Class diagram for VLE08.
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Figure C.9: Class diagram for VLE09.
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Figure C.10: Class diagram for VLE10.
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8.4 Appendix D: Code Snippets

//Creating new FisixEgine.
physicsEngine = new FisixEngine()
//Setting engine (to appear) to react using the laws of physics.
physicsEngine.setReactionMode(ReactionModes.PHYSICAL)
//Creating boundingbox for the physical world.
boundingBox = new BoundingBox(30,78,513,504)
//Setting physicsEngines bounds to the workarea.
physicsEngine.setBounds(boundingBox)
//Enabling collisions with the bounding box.
physicsEngine.boundsCollisions=true
//Set gravity of the environment. Here gravity is set to what resembles the 
//gravity on earth, with an acceleration of about 10 m/s2.
physicsEngine.setGravity(0,10)
//If physical representations should be rendered this turns on primitive 
//rendering and tells the engine where to render to.
physicsEngine.setRender(true)
physicsEngine.setRenderGraphics(graphics)
addEventListener(ENTER_FRAME, onEnterFrame)

Code Snippet 1: Basic setup of physics using The Fisix Engine.

particle1 = physicsEngine.newCircleParticle(xPosition1, yPosition1, radius)
particle2 = physicsEngine.newCircleParticle(xPosition2, yPosition2, radius)
surface = physicsEngine.newSurface(particle1, particle2, radius)

Code Snippet 2: Instantiating and adding physical objects. Two CircleParticle's are used to build a 
Surface object.

body = physicsEngine.newFisixObject()
particle1 = body.newCircleParticle(xPosition1, yPosition1, radius)
particle2 = body.newCircleParticle(xPosition2, yPosition2, radius)
particle3 = body.newCircleParticle(xPosition3, yPosition3, radius)
StickConstraint.constraintAll(body, body.particles)

Code Snippet 3: To construct physical representations, other than surfaces, that consist of  several 
different parts, the FisixObject class is used, most likely together with one of the constraint classes.
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//Instantiate the graphics for the object
image = new BallSWF() 
//Instantiate the CircleParticle which is the physical representation of the 
//object.
particle1 = physicsEngine.newCircleParticle(xPosition1, yPosition1, radius)
//Instantiate the DisplayAttacher object providing the graphics and the position 
//of the graphics. A third and fourth optional parameter can further adjust 
//the position of the graphics.
displayAttacher = physicsEngine.newDisplayAttacher(image, particle1.pos)
//Instantiate the MouseAttacher object using the CircleParticle, the Root of the 
//main VLE-class which extends MovieClip and a number that represents the easing
//of the MouseAttacher.
mouseAttacher = physicsEngine.newMouseAttacher(particle1, root, 2)
//Make the MouseAttacher inactive so that the object does not stick to the mouse 
//pointer immediately on the applications start.
mouseAttacher.active = false

Code Snippet 4: The code above instantiates and sets up a regular DisplayAttacher and a 
MouseAttacher for a CircleParticle object, using a previously defined embedded class object called 

BallSWF as the actual graphics for the object.
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//Instantiate and setup a bounding box for the physics
boundingBox = new b2AABB();
boundingBox.lowerBound.Set(-100.0, -100.0);
boundingBox.upperBound.Set(100.0, 100.0);
//Instantiate the b2World object by providing the bounding box, gravity and the 
//boolean value set to true if physical objects should be put to sleep when 
//immobile. Putting objects to sleep decreases CPU usage.
gravity = new b2Vec2 (0.0, -9.82);
doSleep = true;
world = new b2World(worldAABB, gravity, doSleep);

//Instantiate a physical object representing static ground
groundBodyDefinition = new b2BodyDef();
groundBodyDefinition.position.Set(0.0, -10.0);
groundBody = world.CreateBody(groundBodyDef);
//Instantiate and setup the shape of the ground, making it into a large box 
groundShapeDefinition = new b2PolygonDef();
groundShapeDefinition.SetAsBox(50.0, 10.0);
groundBody.CreateShape(groundShapeDefinition);
//Instantiate and set up a dynamic physical object
bodyDefinition = new b2BodyDef();
bodyDefinition.position.Set(3.0, 2.0);
body = world.CreateBody(bodyDefinition);
//Instantiate and set up the shape of the dynamical object, making it a box with 
//a density of 1.0.
shapeDefinition = new b2PolygonDef();
shapeDefinition.SetAsBox(2.0, 2.0);
shapeDefinition.density = 1.0;
shapeDefinition.friction = 0.6;
body.CreateShape(shapeDefinition);
//Calculates and sets the dynamic objects mass from it´s density and volume. 
//Objects with zero mass are made static.
body.SetMassFromShapes();

Code Snippet 5: Basic setup of physics using Box2DFlashAS3.
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/*Instantiate and set up a static body to act as an axle that the board will be 
connected to and rotate around*/
holderBodyDefinition = new b2BodyDef()
holderBodyDefinition.position.Set(9.0, 4.0)
holderBody = world.createBody(holderBodyDefinition)
holderShapeDefininition = new b2PolygonDef()
holderShapeDefininition.setAsBox(0.1, 0.1)
holderBody.createShape(holderShapeDefininition)
/*Instantiate and set up a dynamicbody to act as the “seesaw board”*/
boardBodyDefinition = new b2BodyDef()
boardBodyDefinition.position.Set(9.0, 4.0)
boardBodyDefinition.angularDamping = 0.5
boardBody = world.createBody(boardBodyDefinition)
boardShapeDefinition = new b2PolygonDef()
boardShapeDefinition.setAsBox(7.0. 0.5)
boardShapeDefinition.density = 1.0
boardShapeDefinition.friction = 1.3
boardBody.createShape(boardShapeDefinition)
boardBody.setMassFromShapes()
/*Instantiate and set up a revolving joint which binds the board to the holder 
and allows it to rotate. The rotation is limited to 0.1 times pi radians in each 
direction*/
revoluteJointDefinition = new b2RevoluteJointDef()
revoluteJointDefinition.Initialize(holderBody, boardBody, 

holderBody.GetPosition())
revoluteJointDefinition.lowerAngle = -0.1 * Math.PI
revoluteJointDefinition.upperAngle = 0.1 * Math.PI
revoluteJointDefinition.enableLimit = true
revoluteJointDefinition.maxMotorTorque = 10.0
revoluteJointDefinition.motorSpeed = 0.0
revoluteJointDefinition.enambleMotor = true
revoluteJoint = world.createJoint(revoluteJointDefinition)

Code Snippet 6: Setting up the physical body of the scale in VLE06, using Box2dFlashAS3.

distanceJointDefinition = new b2DistanceJointDef()
distanceJointDefinition.Initialize(hangerBody, boardBody, connectPosition1, 

connectPosition2)
distanceJointDefinition.collideConnected = true
distanceJointDefinition.dampingRatio = 1.0
distanceJointDefinition.length = 2.5
distanceJoint = world.createJoint(distanceJointDefinition)

Code Snippet 7: Setting up the b2DistanceJoint used for the scales hangers in VLE06.
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/*Instantiate and set up a static body to “hold” the pendulum by it's line*/
holderBodyDefinition = new b2BodyDef()
holderBodyDefinition.position.Set(6.0, 1.7)
holderBody = world.createBody(holderBodyDefinition)
holderShapeDefninition = new b2PolygonDef()
holderShapeDefninition.setAsBox(0.1, 0.1)
holderBody.createShape(holderShapeDefninition)
/*Instantiate and set up a dynamic body acting as the pendulum head*/
pendulumBodyDefinition = new b2BodyDef()
pendulumBodyDefinition.position.Set(8.0, 4.0)
pendulumBodyDefinition.linearDamping = 0.0
pendulumBodyDefinition.fixedRotation = true
pendulumBody = world.createBody(pendulumBodyDefinition)
pendulumShapeDefinition = new b2CircleDef()
pendulumShapeDefinition.radius = 0.5
pendulumShapeDefinition.density = 1.0
pendulumShape = pendulumBody.createShape(pendulumShapeDefinition)
pendulumBody.setMassFromShapes()

Code Snippet 8: Setting up the physical body of the pendulum in VLE07, using Box2dFlashAS3. A 
b2DistanceJoint is used to make the pendulums “rope”.
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8.5 Appendix E: Test Results

Table E.1: Results from testing VLE01.

Table E.2: Results from testing VLE03.

Table E.3: Results from testing VLE04.
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Subject ID Male/Female Age

1 Male 15 2 2,5 NO
2 Female 14 2 3 YES 2
3 Male 14 2 1 YES 2
4 Male 13 3 2 YES 2
5 Male 13 2 4 YES 2
6 Male 13 4 3 YES 3
7 Male 13 3 2 YES 4
8 Female 13 3 3 YES 2
9 Female 15 2 4 NO 3
10 Male 14 2 1 YES 2
11 Male 15 2 1 NO 1
12 Male 15 2 2 YES 2
13 Female 13 3 3 YES 4
14 Male 14 3 2 YES 2
15 Male 14 2 4 YES 2

Entertainment value 
(0-4)

Usability 
(0-4)

Did you understand 
everything in the 

simulation?

To what degree do you better 
understand the subject of the 
simulation after using it? (0-4)
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