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Abstract

The classic educational methods take aid of traditional means of representation, such as boards, overheads, etc., to help the students understand difficult concepts. The use of laboratories with special equipment, where the students are able to carry on experiments and visualize the concepts they are trying to learn, is also common. These traditional systems, as everything, have their limitations. One cannot put the real world in the classroom. 

Today we have technology and knowledge enough to push forward those limitations and make education easier, both for the students and the teachers. Powerful computers are not anymore something that only scientists with huge budgets have, but something present in every school and many homes, and they are able to do things that is not possible to do neither on a paper nor on a board, or any other kind of educational equipment. Besides, with the new communication facilities worldwide, it is possible for more people to access education regardless of geographic situation, and to learn in a collaborative way, interacting with both the computer and other students in different places.

The aim of this project is to show that it is possible to improve the quality in education with the help of computers and collaborative tools. In this report we present an application designed to fulfill this goal, and we analyze the possible advantages and problems derived from the use of such a tool.
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1. Introduction

1.1 What this is all about

Education nowadays faces several problems: lack of teachers, specially for elementary and high school levels, disinterest on the part of the students, low budgets to get new and modern equipment for the laboratories, etc. Besides, the educational methods still don’t take much advantage of modern technology, even in technology-oriented studies. The classic picture of the teacher drawing with colored chalk in the blackboard hasn’t changed much in the last decades. 

A direct consequence of this is that many difficult concepts still remain hard to understand and therefore to learn for many students, as their nature makes it impossible to show them properly just by drawing on a blackboard or in a common lab at school. This is also a major cause of disinterest, as the things you learn the best are usually the ones you find easy and have fun learning. When a concept remains obscure no matter how many times you read about it, you loose interest very soon (and that only makes it more difficult). The limitations imposed by a laboratory room or a blackboard force education to continue on the same tracks, if nothing is done to renew the old methods and take aid of modern technology in the educational process. 

Today we have the means and the knowledge to overcome the limits imposed by the classic classroom or laboratory, and therefore make education easier, both for the students and the teachers. Powerful computers are not anymore something that only scientists have, but something that is present in every school and many homes. They are not so expensive anymore and are able to do things that are not possible to do neither on a paper nor on a board, or any other kind of educational equipment. 

Besides, the new communication facilities worldwide make possible for more people to access education regardless of geographic situation, and to learn in a collaborative way, interacting with both the computer and other students in different places. The computer extends the ability to demonstrate subjects, to elaborate them, and even to make these subjects more fun and interesting, and allows asking questions and resolving doubts or problems collaboratively. With aid of computers, education could be made better.

1.2 The work presented

Our goal is to develop a system for carrying on physical experiments in a simulator instead of in a lab room, to help groups of students to visualize and understand difficult problems, and learn in a collaborative way 

A tool of these characteristics would achieve several benefits. First: no need for expensive, place-taking equipment. Second: to be free from the limitations the normal equipment has, (in a traditional lab, you can demonstrate the effects but often you can’t see the causes). Third: one teacher can take care of more classes and dedicate more time to his or her students, when the students do themselves some lessons. 

The last point could be helpful in a situation like the one we live today where most schools have lack of teachers, especially in math and physics.

The system will be Internet based for two main reasons:

· Independence: to make it possible for the students to work from any place while connected to Internet (they can work from home, or the park if they have a wireless connection, etc.)

· Collaboration: the students will work in groups and interact with each other to decide which experiments they will see, and help each other to understand when they have questions. The same applies for the teacher if he or she is present during the simulations.

The system will be designed as a basic prototype. For building it we are free to use and integrate any existent products, as well as develop parts or all of it ourselves in the programming language of our choice. The case studies selected will be in the physics field, at the level corresponding to elementary and high school physics.

1.3 What won’t be done here

As stated above, the system will be a basic prototype. Therefore it will not be tested in a real environment, and the real impact of the simulations described in the case studies in the learning process will not be measured. 

It was decided from the start that the system would focus on the pedagogical aspects and advantages of a tool of the characteristics previously described, and therefore technical aspects like recovery and failure will not be contemplated here. 

The application will be developed for a PC environment, and the participants are assumed to have powerful enough computers, so that the 3D components can be visualized properly. The minimum requisites are Pentium III with a graphic card that has full 3D acceleration, with DirectX 8 or 9. Other technologies like Unix will not be tested.

The tests will be conducted in a closed network, so potential connection problems through the Internet (like firewalls) will not be considered.

The participants are expected to be students and teachers, with different degrees of familiarity with computers. The system must be easy to use, but no specific requirements on usability will be followed, as no tests will be conducted to verify them.

2. Research and related work

In order to find the best way to make such simulator  research was made to get to know what systems already exist and what tools are available. The need for the project was a Internet based platform to build things on top of, a tool to build the simulations with, some kind of chat, control units and so on.

The research was conducted mainly in two fields: visualization and collaboration. 

2.1 Collaboration

In the past, collaboration was limited to “human to human” interactions. Collaboration consisted on a number of independent applications (standalone collaboration solutions) such as email, newsgroups or document sharing, with no temporal relationships. 

Nowadays, collaboration is still mostly centered in “human to human” activities, with temporal relationships within groups of interacting people. The groups don’t interact among them. Examples of collaboration today are Video Tele-Conferences, chat sessions, workflow communication and shared whiteboards[10].

Certain researchers see the future collaboration as beyond the “human to human” communication. Interaction can exist between humans and computers, or even between computers to assist in decision support to decision-makers. Collaboration will allow also for synchronous and asynchronous communication and tool integration, including modeling and simulation systems for prediction and expert systems. 

There is a variety of collaboration tools available nowadays, focused on different areas of collaborative work:

· Web and Internet Conferencing Tools: WebEx, Centra, PlaceWare or Latitude, and the Microsoft solution: Microsoft NetMeeting [14]. 

· Learning Management Systems: Blackboard 5 and WebCT 3.0 [14].

· Instant Messengers: There are many; maybe the most popular are MSN [16] and Yahoo[17] in computers, and PalmOS [14].

· Portals for Education and Computing: Gateway[15], Cactus Code. Experiments mentioned in the articles used in this research are also Tango [12], ECCE [9],Multimedia Soil Mechanics Courseware[13] and Knowledge Kinetics (K2)[10].

2.2 Visualization

  There is an immense variety of tools to use, both for 2D and 3D representation. There are some specialized high-level tools to create simulations with but they are far too complicated or detailed for the scope of this project. We do want to make a simple interface for the simulation. It shall fit the intended group of users. 

· Examples of different graphic tools are Java2D, Java3D, VRML, OpenGL, AVS, Open Inventor and HOOS. 

· A simulation tool is the FEMLAB, developed by the producers of MATLAB. It is a tool for making simulations in physic, electronics and mechanics, and is an advanced tool where one can simulate, as an example, complicated physical experiments. But it has a complex interface merely because it is intended to be a tool for engineers in their developing and constructing or for students at high level.

The conclusion of the research was that the Java implementation of the JXTA platform [1] was the best option to use. The JXTA API [2] is a first attempt of making a standard for Peer-to-Peer communication (also known as P2P). It is mainly a set of protocols, one for each kind of task involved in p2p communication, and has been implemented in Java and in C++. We think that P2P is the future [11].

The Java 3D technology [3,4] was chosen as the tool for building the simulations. With 3D it is easier to fully explain and visualize complex concepts, and Java3D provides simple means of drawing figures in great detail and animating them, with none of the complexity that other tools required. Besides, it allows us to develop the whole application in Java [5], a well-known language with very good documentation, which we feel comfortable working with. To have everything in Java makes the whole work more straightforward.

3. Infrastructure

3.1 General description

The application is a simulator able to work in a collaborative fashion. Several modules have been implemented with different simulations (in this case all of them are related to basic physics, at both elementary school and high school levels). In each session, cases are selected one at a time, and a simulation of the illustrated physics principle is displayed and executed. The participants in each session are able to cooperate with each other to decide who is the leader of the session, which simulation will be executed and what parameters within the simulation will be modified. Before a simulation can be chosen, a session leader must be elected, as this is the only participant that will be able to carry on the case selection, set the adequate parameters and start the simulation. A participant is allowed to join the session only if the voting process to elect the leader has not commenced.

The simulation is synchronized among all the participants, so that all of them see exactly the same thing at certain points of time. This is done this way because it is important that, if there is a question, everybody knows which part of the simulation this question refers to. Therefore, all the participants are able to stop the simulation at any moment, so that they can ask the other participants before proceeding. To avoid other participants restarting the simulation before the doubts have been resolved, only the session leader may set the simulation in motion again after a participant has stopped it.

3.2 Application parts

The system is divided in four major blocks, each of them responsible for the initialization and management of a certain task or group of tasks. These four blocks are Simulation, Chat, Active Peers (voting process) and Notepad. 

The main window shows the different windows, each corresponding one of the blocks mentioned above:
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Figure 1: Application main window

3.2.1 Simulation window

The simulation window displays the simulation itself, and the buttons to control its parameters and progress. These buttons are the same for all the simulations: 

· “Start”: Sets the simulation in motion.

· “Stop”: Stops the simulation for every participant.

· “Options”: Displays a popup window with the parameters available for the chosen simulation. The window will show different options depending on the selected simulation.

· “View position”: Displays a popup window that allows changing the point of view for the simulation, from the viewer’s perspective. It is independent for each participant.

· “Select Simulation…” This is a drop menu with the list of available simulations, from which one will be selected. The available are "The concept of Inertia", "Stability of an Object" and "Currents and Magnetism".

All the buttons are disabled until the voting process is completed and the leader of the session has been chosen. Once the leader is elected, all the buttons in his or her screen are enabled, while the other participants have only the “Stop” and “View Position” buttons. 

3.2.2 Chat window

The chat window is what the participants use to communicate with each other. It has three elements:

· Non-editable text field: This field displays the messages sent by the participants, and it has a scrollbar so that the participants can review the whole conversation. Each message starts in a new line, and it’s proceeded by the name of the participant who sent it.

· Editable text field: In this field each participant writes his or her own messages.

·  “Send” button: When pressing this button the message written in the editable text field is sent to the rest of participants.  

3.2.3 Active participants window

The Active participants window displays the participants present in the current session (marking the leader), as well as managing the leader selection. It consists of two elements:

· List of active peers: it is a non-editable text field where the names of the active participants are displayed. Each time a new participant joins the session his or her name is displayed in this field. When the voting process is finished, the name of the leader for the current session is displayed in capital letters followed by the word “leader” between brackets.

· “Elect leader” button: when clicked it starts the voting process. After this moment new participants will not be allowed to join the session. After the voting, this button changes to “Change leader”, and it is only enabled for the current leader.

Voting process

When the “Elect leader” button is clicked, a popup window is displayed. This window shows the names of all the participants and an “Ok” button, so that each participant can vote for one and only one person and the press “Ok”. When all the participants have voted for someone, the votes are counted, and the one with most votes is marked as leader in the list. At this point the buttons of the simulation window are enabled according to the status of each participant: all of them for the leader, and only “Stop” and “View Position” for the other participants in the session. 

[image: image1.png]Candidates

® duende
 bruja

o




Figure 2: Voting process window, with the available candidates to leader
It is possible to change the leader during the simulation, if the participants agree to do so. The current leader clicks the “Change leader” button, which enables this button for the other participants as well, and the new leader is elected in the same fashion as described above.

3.2.4 Notepad window

To take notes about the simulations and the session the participants use the Notepad window. It consists of a text field to type in, and a menu bar with the typical options for a simple word processor:

· “Notepad files”: Typical file management functions. It contains the following options:

·  “New file”: Creates a new text file, empty.

·  "Open File": Opens an existent text file

·   “Close file”: Closes the current file.

·  “Save file”: Saves the current file.

·  “Save file as…” Saves the current file with the specified name.

·  “Print file”: Prints the current file on the default printer.

·  “Delete file”: Deletes the currents file.

· “Edit”: Typical text management functions. It contains the options “Cut”, “Copy”, “Paste” and “Delete”.
· “Help”: Contains the following options:

· "Help Index": Displays the help for using the application

· "About this…": Displays information about the tool (version and developers).

3.3 Synchronization

The simulation is synchronized for all the participants. This means that at certain points in time, all the participants have exactly the same image on their screens. This is important because the environment is collaborative, and for the participants to be able to work together they have to have access to the same information. 

The synchronization is implemented with message passing. Each simulation has its own predetermined synchronization points, different for each case. When the simulation is started, each participant progresses on his or her own to the first synchronization point. Once this point is reached, the simulation is stopped for this participant, and a synchronization message is sent automatically to all the others, to inform them that the participant in question has reached a synchronization point and it is waiting for an order to continue. 

The leader of each session keeps count of how many participants are in the session, and how many (including himself) have reached the next synchronization point. When the leader receives a synchronization message, the count of participants in synchronization point increases by one. A synchronization message received by someone who is not leader has no effect. Once all the participants (including the leader) are in the synchronization point, the leader sends the order to continue to everyone, and the simulation proceeds for each participant until the next synchronization point.  

3.4 Implementation

As all Java implemented programs it begins with a class containing the main function from where everything is started. In our implementation, this class is called MainClass. Its only purpose is to create and set in motion the other parts of the program. 

To handle the specific groups of tasks in the application, we have created a series of classes called Managers. The InterfaceManager is the first one initialized by the MainClass when the application starts, and as its name says, it creates the user interface. The PipeManager creates the communication channels and manages the network communication. The Chat Manager and the VoteManager make both use of the PipeManager’s functions: the Vote manager handles the voting process to elect a leader in a session, and the ChatManager handles the chat, so that the participants can communicate with each other. Once the simulation is started, the SynchManager keeps it synchronized for all the participants. And last the NotepadManager, responsible for the text and file management when the participants take notes.

To manage the graphical aspects of the simulations we have created a series of classes, each of them describing a simulation. All these classes extend an abstract class called Graphics, that guaranties that certain tasks are present in every simulation class, to make communication between different parts of the application easier. 
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Figure 3: Overview of the class structure

3.5 Running the system

To start a session, each participant must start the application and log in with a pre-agreed name, different for each participant. Once the log in is complete, the application displays the main window with the four blocks described above: Notepad, Simulation window, Chat and active participants. At least one of the participants must know how many there will be in the session, so that they can wait for everybody to log in before carrying on. Once all the participants have logged in, the must select a leader by clicking the “Elect leader” button in the Participants window, and voting for one of them. When the leader is decided, he or she selects a simulation, adjusts the necessary parameters and starts it. In a step-by-step fashion it would look like the following:

1. Start the application.

2. Log in with the pre-agreed log-in name.
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Figure 4: Log-in window; the username and the password are provided in advance.

3. Wait for the other participants to log in (they will appear in the “Active Participants” window.

4. Using the chat, discuss who is going to be the leader in the session.

5. Start the voting process by clicking the “Elect Leader” in the “Active Participants” window.

6. In the new popup window, select the agreed would-be leader and click “Ok”. When all the participants are ready with this step, the leader’s name will appear in capital letters.

7. Using the chat, decide which simulation will be run and the corresponding parameters. The leader may inform the other participants about the available options, but a previous knowledge of the different cases and parameters available is recommended to simplify the process.

8. The leader selects the agreed simulation in “Select simulation”, and adjusts the parameters by clicking the “Options” button. The simulation is now ready to run.

9. The leader starts the simulation by clicking the “Start” button or what else needed for that particular simulation to be run. All the participants will see the animation in their screens.

10. If any participant so desires, he or she may stop the simulation by pressing the “Stop” button. The simulation will then stop for every participant, so that questions or doubts can be discussed with the chat before proceeding.

11. When the participants are ready to continue, the leader will resume the simulation by pressing the “Start” button again.

12.  If the participants agree, it is possible to change the leader during the simulation. The current leader relinquishes his or her status by clicking the “Change leader” button, and the new leader is elected as before.

13. To restart a simulation, the leader must choose it again from the drop menu.

4 Technical details
4.1 Platform
4.1.1 JXTA

JXTA [1]is an open network-computing platform designed for peer-to-peer (P2P) computing. It standardize the manner in which peers discover, monitor and communicate with each other, self-organize into peer groups, advertise and discover network resources.

It consists of six basic protocols [2]:

· Peer Resolver Protocol:(PRP) is the mechanism by which a peer can send a query to one or more peers, and receive a response (or multiple responses) to the query. The PRP implements a query/response protocol

· Peer Discovery Protocol: (PDP) is the mechanism by which a peer can advertise its own resources, and discover the resources from other peers (peer groups, services, pipes and additional peers). Advertisements are represented as XML documents. 

· Peer Information Protocol:(PIP) is the mechanism by which a peer may obtain status information about other peers, such as state, uptime, traffic load, capabilities, etc. 

· Pipe Binding Protocol: (PBP) is the mechanism by which a peer can establish a virtual communication channel or pipe between one or more peers. The PBP is used by a peer to bind two or more ends of the connection (pipe endpoints). Pipes provide the foundation communication mechanism between peers. 

· Endpoint Routing Protocol: (ERP) is the mechanism by which a peer can discover a route (sequence of hops) used to send a message to another peer.

· Rendezvous Protocol: (RVP) is the mechanism by which peers can subscribe or be a subscriber to a propagation service. The Rendezvous Protocol allows a peer to send messages to all the listening instances of the service. The RVP is used by the Peer Resolver Protocol and by the Pipe Binding Protocol in order to propagate messages. 

The JXTA protocols do not require the use of any particular computer language, operating system, any particular network transport protocol or topology, or any particular authentication, security or encryption model. For now it is implemented in two languishes, Java and C++, and for some different platforms. 

Those protocols have been used to recognize the participants when they log in, and to establish communication between them.

4.1.2 Java Standard Edition (J2SE)

As we decided to develop the application in Java, we have worked with the standard J2SE in two different versions. We started with J2SE 1.3.1, and later on changed to J2SE 1.4.1, a more updated version. We decided on the change because the printing interface in the API is more advanced in the latest version [6][7].

4.2 Packages
4.2.1 Java3D

The Java 3D API is an interface for writing programs to display and interact with three-dimensional graphics. Java 3D is a standard extension to the Java 2 SDK. The API provides a collection of high-level constructs for creating and manipulating 3D geometry and structures for rendering that geometry. Java 3D provides the functions for creation of geometry, visualisations, animations, and interactive 3D graphics application programs [4].

4.2.2 Java Swing

To develop the interface we have used the Java Swing package. It is a newer package for designing user interfaces, and as it is more updated and portable than the old interface package "awt" we decided to use it. This package is now integrated in J2SE, and it is a very good choice to design user interfaces in Java. It is easy to use, platform independent, and very well documented [20].

4.2.3 JavaHelp

To develop the help files for our application the obvious choice was JavaHelp [19], as we developed the whole application in Java. JavaHelpTM. software is a full-featured platform-independent, extensible help system that enables developers and authors to incorporate online help in applets, components, applications, operating systems, and devices. It can also be used to deliver online documentation for the Web and corporate Intranet. Written entirely in the JavaTM programming language, the JavaHelp system can run on any platform and browser that supports the Java Runtime Environment. The JavaHelp system is implemented using Java Foundation Classes (JFC) software components, which allow developers flexibility and ease in developing custom user interfaces and functionality

4.3 Tools

4.3.1 JBuilder

As development environment we chose to work with Jbuilder ®. Borland® JBuilder® is the leading, cross-platform environment for building industrial-strength enterprise Java™ applications. It is a very practical tool and its main advantage being that is available in a trial version that has all the basic functionality. The tool is very reliable, as it is downloaded directly from Borland's website [18], very well documented and frequently updated to include the latest advances and packages for the compiler, J2SE. We haven't fully explored the differences between the registered and the trial version, besides the possibility of using "Wizards" and other extra features to make the programming easier, but we find that the trial version suffices our needs to complete this project.

 We have written all the code with help of JBuilder 7, both the trial version and registered (student license), and later with JBuilder 8 in the trial version. The change is due to the same reason as for the J2SE: the JBuilder 7 works with J2SE 1.3.1, which gave problems with the printing API, and the newer version works with J2SE 1.4.1, where the API is much more improved and extended.

4.3.2 Microsoft DirectX

Microsoft DirectX [21] is a group of technologies designed to make Windows-based computers an ideal platform for running and displaying applications rich in multimedia elements such as full-color graphics, video, 3D animation, and rich audio. It is required for Java 3D to work properly, and at least version 8 is needed

5 Case studies
The purpose of the case studies is to show, with some examples, how with the computer it's possible to demonstrate and visualize aspects of traditionally difficult concepts that, because of their nature, it's not possible to show them in a classroom or traditional laboratory. The three chosen cases are in the area of Physics, and vary from elementary to high school level.

5.1 Stability of an Object


This case shows how an object acts stable or unstable according to a force acting on the object, in this case the Force of Gravitation.

5.1.1 Objectives 

This lab is taken directly from a book in physics, for the seventh year in the elementary school and it shows the basic rule of stability:

For an object to remain stable, the object's center of mass needs to be placed above the area of the side of the object that the object rests on.

It shows how the force of gravitation acts on a box when it is turned around according to the horizontal plane. As long as the force, which is acting from where the box has its center of mass, has its line of action inside the contours of the bottom of the box, the box remains stable. But as soon as the force’s line of action comes outside the contours of the bottom, the box is tilted. 

Why making this in a simulation:

The center of mass of an object is nothing that could be pointed at nor the force or the forces line of action. Well, in the real lab the student uses a thread with a weight in the lower end and puts it on the side of the box. The thread shows the line of action, and when the box is turned the line will keep the direction downward and be seen to be outside the bottom of the box when the box is tilted. 

In a simulation, the force can be made visible with an arrow, the same kind of arrow that the book uses to explain force. By making the box slightly transparent, the center of mass can be pointed out inside the box where it really resides. The center's position changes when weights are added, and this can be clearly showed, together with how different the force act.

5.1.2 Experiment description

The box is standing on a plane. When the simulation starts the plane is horizontal, and the arrow that pictures the force has its beginning in the center of mass, and points straight downward according to the gravitation. 
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Figure 5: Simulation's initial state: The box stands on a horizontal plane, and the force's line of action is straight downwards from the box's center of mass
The plane will slowly start to turn, making the box to lean more and more, but still remain stable. The beginning of the arrow follows the center of mass of the box but keeps the direction downward.
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Figure 6: The plane starts to turn and the box follows, but still remains stable.

 At a certain angle the box comes to the point of instability, the arrow bypasses the bottom corner of the box.
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Figure 7: The box reaches the critical point when line of action for the force goes through the box down left corner.

It's clearly shown that the force starts to act in the side direction of the box, instead of downwards, causing the box to tilt and fall. From that moment on, the box rolls over along the plane.'
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Figure 8: The box is no longer stable, as the force acts through the side instead of the bottom, making the box roll down the plane.
The default state is an empty box where the center of mass resides just in the middle of the box. With the option menu two different weights can be added, one at a time. "Weight One" fills the whole bottom of the box, which lowers the center of mass. This makes the box more stable, so it can lean further before the force's line of action takes reaches the corner of the box, making it tilt.
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Figure 9: The box has a weight filling the bottom, making it more stable, and can lean more before it tilts.

The second weight, "Weight Two", is placed in the bottom right corner of the box making the center of mass to be moved not just downward but also to the side. The box is then very stable while leaning it to the left because the plane can lean very much before the force's line of action reaches the left bottom corner. But as the center of mass now resides close to the right side, the plane doesn't have to lean much to the right before the force's line of action reaches the bottom right corner, making it unstable. The leaning to the right is not implemented in the simulation.
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Figure 10: The box has a weight in the bottom right corner, making it very stable in one way but unstable in the other.
5.1.3 Technical aspects

Available Options:

· Different weights can be put into the box causing the center of mass to change position.
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Figure 11: The options available in the "Stability" experiment

5.2 The concept of Inertia


This case presents what consequences inertia brings when an object is accelerated or decelerated in a free space i.e. how the mass of an object affects the speed and direction when adding forces to it.  

5.2.1 Objectives 

This lab shows the basic physic law of Inertia:

To change the speed or direction of an object, a force is always required.

Why making this in a simulation:

This lab shows something that is beyond what can be done in a classroom or lab room. It is an example of pushing forward the line of limitation of what can be done in a lab.

5.2.2 Experiment description

It consists of a ball that is moved around in a plane, slightly beneath this plane and parallel with it there is another plane that is filled with squares like an eternal chessboard. 
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Figure 12: The concept of Inertia
The student can add a force in either direction to make the ball to move. The force appears as a red arrow, again the same kind of arrows as the book uses to show forces (and even count on them), and the speed is shown with blue arrows. The arrows show the speed or force along each direction according to the co-ordinates system, the x-component or z-component, while moving above the squared plane both the true speed and direction can be seen according to the bypassed squares.

The lab is given with special tasks that the students are supposed to carry out.

5.2.3 Technical aspects

Available options:

· The control of adding the forces in each direction.


· The size of the ball can be changed and therefore the weight of the ball.

· The size of the force added can be changed.

· The simulation can be run in static or dynamic mode.
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Figure 13: The options available in the "Inertia" experiment
The ball is put into movement with a force. The resulting speed is dependent of the weight of the ball and the size of the force. The heavier the ball, the stronger the force needed to make the ball accelerate to a certain speed. To make it stop, an equal force in the opposite direction is required. 

There are two different modes for studying different behaviours. In dynamic mode the force acts on the ball while the mouse button is pressed, but disappears as soon the mouse is released. Only one force can be added at the time. In static mode the force continues even when the mouse is released. At the next click the new force will be added to the first one. Forces can only be added and not removed. The benefit with this is to se how forces cancel each other. When strong forces act upon the ball but at opposite direction, only the resultant of the forces is active. Equal force in opposite direction gives no acceleration at all.

5.3 Currents and Magnetism: interactions and effects of electrical currents and magnetic fields.

5.3.1 Objectives

The objective with this simulation is to illustrate the interactions and effects of electrical currents and magnetic fields. This experiment is described in most textbooks about electromagnetism, but because of its nature it is impossible to reproduce it in a common laboratory. With help of the computer, it is possible to represent the currents and the magnetic fields in a way that makes it easy for the students to understand what the experiment is about, as well as it is possible to represent the forces generated and thus explain the interaction between the different elements in a more visual way.

5.3.2 Experiment description
The experiment consists in demonstrating the effect that two infinite parallel currents have on each other. We have four different steps:

Step 1: we have two infinite parallel wires, Wire 1 and Wire 2, with currents flowing in the same direction (by default). Wire 1 (to the left) is fixed, and Wire 2 (to the right) is mobile.
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Figure 14: Two parallel infinite currents, each flowing up or down.
Step 2: Both wires generate magnetic fields in a plane perpendicular to the wire. The direction of the magnetic field generated by a wire depends on the direction of its current flow, and described by the Right Hand Rule:
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Figure 15: Right Hand Rule
Right Hand Rule: Close your right hand in a fist, and extend the thumb to follow the direction of the current flow in the wire. The direction in which the rest of the fingers are curving is the direction of the magnetic field generated by that current.

Step 3: As a consequence of the magnetic field generated by Wire1, a force is generated on Wire 2. This force is also perpendicular to the wire, and it will cause it to move. The direction of this force is determined by the current in Wire 2 and the direction of the magnetic field generated by Wire 1, and the rule for Force Between Wires describes it:
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Figure 16: Force generated by the field in Wire 1 on Wire 2

Force Between Wires: Extend the thumb of your left hand to follow the current flow in Wire 2, and the other fingers extended in the direction of the magnetic field generated by Wire 1. The force acting on Wire 2 would be an arrow pointing outwards from the pal of your left hand.

Step 4: Wire 2 moves according to the force acting on it, towards or away from Wire 1.
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Figure 17: Wire 2 moves according to the force generated by the current in Wire 1.
Conclusions to extract from the experiment:

After running the simulation with the different possible combinations in the parameters, it can be seen that the force applied on Wire 2, and thus its movement, are determined by the direction of both currents. When the currents flow in the same direction, the wires will be attracted to each other, and when they have different directions they will move apart.

5.3.3 Technical aspects 

Available options:

· The simulation has two possible parameters to change, the direction of the currents. They can take the value “Up" or “Down”.
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Figure 18: Available options in the "Currents and Magnetism" experiment

Description of the elements involved:

· A current is represented by small dark blue spheres moving up or down inside a blue cylinder (wire) according to the flow direction.

· The magnetic field is represented by a series of concentric circles, and arrows moving in the direction of the field. It is red for Wire 1 and green for Wire 2.

· The factors for the Left Hand Rule are represented as arrows, with the same color as the element they are generated by: blue for the flow direction in Wire 2, red for the magnetic field in Wire 1, and bright blue for the force applied on Wire 2.

6 Development process

The first step in developing this application was to make a background research, to find out what was already done and to evaluate the different tools available. Before deciding which tools would be used, we had to identify our needs: basic peer-to-peer communication, and simple 3D animation tools in this case, and means to put it all together. It resulted in choosing JXTA and Java3D, with the Java language to encase it and JBuilder to do the programming. 

The next step was to structure the application, decide the different parts that should be involved and how to organize them. A study of the basic functionality we wanted to provide resulted in the division of the application into the four blocks described previously (section 3.2). It was decided as well that the simulations would be synchronized, and that the synchronization would be achieved with message passing. A rough model of the interface in paper was developed at this stage, to have an idea of what each participant would see.

Once the basic structure was ready, the communication issues came next. Before starting the programming itself, the JXTA platform had to be ready, and a way to discover other participants and establish connections with them had to be provided. It was a time-consuming step, as JXTA is a bit unreliable and difficult to work with in the beginning. When the platform was ready, the communication itself was considered: all communication would be via message passing, with different types of messages for the different needs (synchronization, chat, etc). 

A very simple simulation was developed at this point, in order to test the system's communication capabilities (with no synchronization). Once the communication was ready, we continued the design of the synchronization process, and integrated it into the system. In order to make the system easy to expand and maintain, the synchronization and communication management were designed to be independent of the rest of the system. Any part of the system may use those facilities when needed (for example in the chat or the simulations).

The last step was to develop the simulations themselves. Each one of us decided upon one or several case studies, and put the simulation together. The steps to develop a simulation can be summarized as follows:

· Identify the static and mobile elements in the simulation.

· Describe all the elements statically and place them on the screen.

· Describe the movement of the mobile elements (in some kind of movement manager), and attach each movement manager to its element on screen.

· Decide at which time-points the simulation has to synchronize with the other participants, and call the synchronization management to do the job. 
7 Problems

When the system was tested in a LAN at home, especially in the early stages of development, we discovered that JXTA is still quite unreliable and difficult to work with in the beginning. The documentation is not always clear and information about some of the functions is difficult to find. After several months working with the platform, we know of certain common problems that appear regularly (specially related to the visibility of the peers for one another when starting up the system), and how to solve on site, but we have not discovered a way to avoid them altogether. 
After running some tests on the Internet, we noticed that the system is sensitive to delays in the network, as it depends heavily in message passing. There is no mechanism implemented for dealing with lost messages, damaged messages or messages received in different order than sent, making the system a bit unstable.

8 Discussion

What advantages does our application present, and what may be a problem? The aim of this project was to show that it is possible to improve the quality in education with the help of computers and collaborative tools. Computers can be used to improve teaching. They not only can but they should be used. When the technology exists it should be used whenever it can help making things clearer and easier to understand. Not to do it would be a waste of resources.

With a computer, things can be presented in a way that can't be shown in the traditional way of teaching. Elements otherwise invisible, in our case, forces and fields, can be shown with arrows and rings. Action and corresponding reaction can be described with animations. In addition, things can be shown with simulated real objects, like cars or wires, instead of the strange boxes and wagons that are present in the lab room, far away from reality. It is a question of making the students to see the connections with the real world making the subject less abstract. For example, tilt a car to investigate stability, smash a car to see how the kinetic energy is eaten up by the destruction of the front part, show the movement of the molecules in a drop while the drop evaporate etc. In this work we use only simple objects but to make more complicated structures is just a matter of having the time to do it. Nonetheless, as the system has not been tested in a real environment, we cannot assess the real pedagogical impact it would have in the teaching process. 

The developing of a system has to be made in an iterative way. The case studies presented in this project are few and simple, but they were chosen to demonstrate the possibilities to explain difficult concepts that, by nature, are impossible to show in a classical lecture with help of a blackboard. They are just some examples of what can be done, and how it may help education and learning in the future. To develop a full working system is beyond the work of a degree project, and so there are technical issues that remain to be solved, as security or failure recovery, for example. It would be necessary to solve these problems before the system can be used in a real environment.

Introducing a system like this in the current educational system may present a series of problems. Students live nowadays in a world where not to use a computer at some time during the day is almost unthinkable, but this may not be so in the case of the teachers. They might not be interested because they think it is complicated, or because they don’t see the benefit of investing time and resources in a new, unproven tool, when they already have a tested “formula” for education and a considerable workload. Therefore, systems made for teaching need to be as user-friendly as possible, easy to learn, and with obvious advantage in their use for education. They must be also easy to maintain and upgrade, so that they don’t become obsolete in a couple of years.

On the technical side, the Java3D and 3D in general is a fairly new subject and demands quite powerful computers, at least a Pentium III with an advanced enough graphic card and modern software (DirectX latest versions). Every pixel is calculated at runtime with several parameters, so it is hard work for the computer; it is easy done to make resource-consuming programs if not careful. For now it can be a problem but not in the near future, as computers are getting both cheaper and more powerful. To make programs with Java3D is time consuming because of all aspects and details (programs easily get big with many variables, but the limit is the programmer’s imagination). Regarding the JXTA platform, new and more stable versions are already on the way, and it may be wise to adapt the system when they come, as the current JXTA version is very unstable. Otherwise it provides a simple way for peer-to-peer communication, that makes it a good choice for a system of these characteristics.

9 Conclusions 

The system proves that it is possible to build a collaborative tool to help students visualize difficult concepts, impossible to show in a conventional laboratory. The selected case studies show the advantage if using computers in education, but the full potential is still not clear. The system would have to be tested in a real environment, but we believe it may be the beginning of a new way of teaching.

JXTA and Java 3D have been difficult to work with in the beginning. In the case of JXTA, it is new technology, and that makes difficult to get help if you need it. The documentation is not too good either, and to get simple examples to start with (besides the ones in the tutorial) is very hard. Nonetheless, there are already some forums where it is possible to ask questions and get help, and during this project we have observed an increasing interest in the subject. We think it will have a huge development in the near future. 

 Working with Java 3D has been very challenging, because it is a powerful tool with many different aspects but with the ability of doing very complex things. To build up reality includes many different components such as objects, movement, interaction, light, shadows, details and backgrounds, to mention some, and it takes time to get into it. The results, as can be seen in the simulations, speak for themselves. 

10 Future development

The tool is made to be easy to update and expand, and to add new simulations requires just the code that describes them and their interaction with the users. The limitations of what can be done in Java3D are set by the programmer’s imagination. It is a really powerful tool.

Laboratory experiments can be made in different ways. In this work they are made as they would in a laboratory, with the extended capability for visualization that Java 3D provides. But the computer could make the whole teaching reconstructed. One thing is to make simulations like adventures or games where the students need to gain knowledge about certain things according to the subject to move on. They could be made in a variety of ways so if one gets boring another is interesting. 

Appendix A: Work distribution

As two students have participated in this project, and the report is also made in common, we specify here who has done what.

At the time the work was started we thought to work in parallel, construct a platform together and then make individual case studies. But circumstances turned out the situation different. To be able to construct an Internet-based platform there was a need to have a local network to be able to test the application. Of course there are local networks available at KTH but we had a desire to work from home. We also needed computers able to run Java3D. As Marta has two desktop computers at home and Erik has a laptop, all fulfilling the minimum requirements to run with Java3D, we decided to create a network in Marta’s home. Obviously, this implies that Marta had access to the network all the time, but that was not Erik’s case. Therefore the work got subdivided, so that when we met to work together we would discuss and develop the platform, and during the individual work Marta would take care of implementing and testing the platform, trying to solve all the difficulties with the JXTA platform, while Erik would develop the first simulations with Java3D, that could be done separately, to get an insight of how Java3D works and the problems it could present when it was time to develop the real simulations.

In the case studies, Marta has worked with the “Currents and Magnetism” simulation, while the “Inertia” and “Stability have been developed by Erik. 
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