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Introduction

3D gaming is becoming very popular, and students are exposed to interactive 3D virtual
environments from a very young age. With the introduction of Alice ( http://www.alice.org ),
a point-and-click programming environment for creating 3D worlds, students are able to
learn programming concepts without experiencing the dreaded "syntax error".

Alice is a wonderful tool for introducing students to the world of programming at the CS 0
level. However, the follow-up to Alice is often a standard CS1 course that outputs to the
console or a file. Worse yet, in a attempt to make Java programming fun, many CS 1
courses introduce GUI programming to students which, in my opinion, adds a layer of
complexity that students can never grasp at this early stage. The result is that students
"found it hard to write programs that did not have a graphic interface"
(http://www.stsc.hill.af.mil/CrossTalk/2008/01/0801DewarSchonberg.html ).

Env3D ( http://env3d.sourceforge.net ) is a 3D gaming engine in the Java language that is
designed to be easy to use at the CS 1 level. Programs written in Env3D are no more
complex than a program written using System.out.println(). Using Env3D, students get the
best of both worlds, the richness of a graphical environment and the simplicity of sequential
programming.

At Capilano University, we have incorporated Env3D into our CS 1 course. We are able to
convert many of the console output examples to Env3D by simply replacing
System.out.println() with Env3D specific method calls. Feedback from students is very
positive as they are able to program their own 3D video games right away.

The rest of the paper will be arranged as follows: First, we will look at how to create a
simple 3D object and have it rendered in a real-time 3D environment using the Env3d's
BlueJ plug-in module. Then, we will look at how a standalone game can be created using
the Env3d library. Finally, some of the students' projects will be highlighted to further
illustrate the effectiveness of using this approach in teaching CS1.

Env3D Basics

Env3D is an easy to use Object Oriented real time 3D graphics engine. The design goal of
Env3D is to make Java programming easy and fun for CS1 students. As such, performance
and advanced graphical features are not taken into consideration. For more advanced
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students, a real gaming engine such as JMonkey (http://www.jmonkeyengine.com) is more
appropriate.

With that in mind, let's look at our first Env3D program.

The development environment

An IDE is wonderful for the modern programmer. Env3D works especially well with the
BlueJ IDE (http://www.bluej.org). The BlueJ IDE provides a way for students to create
objects from classes without learning about the "main" method. Students can call methods
interactively which is great for learning. Combined with the Env3D plug-in, students are
able to interact with their 3D objects in a very natural way.

Download the env3d bluej project.

Your first 3D object

First, create a new project in BlueJ, then create a class called "My3DObject", as outlined
below:

class My3DObject
{

private float x, y, z, scale;

public My3DObject ()
{

x = 5;
y = 1;
z = 5;
scale = 1;

}

}

Notice that this class contains 4 fields of float type - x, y, z, and scale.

After creating this class, you are ready to create your first 3D object. Compile the class,
then right click on the class and select "new My3DObject()", this will create a new instance
of My3DObject in the workbench:

https://sourceforge.net/projects/env3d/files/env3d_20091022/env3d_bluej.zip/download


Now that we have created the object, the next step is to see it in 3D. Simply go to the
"tools" pull down menu and select "Start Env", a new 3D window will pop up with the object
rendered in the correct location:



The default 3D environment is a 10x10x10 room. Env3D uses OpenGL for graphical
rendering, and follows a right handed coordinate system. The X axis increases from left to
right. The Y axis goes from bottom to the top of the screen, and the z axis comes out of the
screen. During runtime, the Env3D engine inspects each object created inside BlueJ and
looks for the 4 predefined fields: x, y, z, and scale. The first 3 attributes specify the
location of the 3D object, and the scale attribute specifies the size of the object. By default,



the 3D object is a sphere with an earth texture wrapped around it. The scale attribute, in
this case, denotes the radius of the sphere.

When the environment is started, the mouse is grabbed by the 3D window. Use the
following keys to look around the environment:

¥ 'W', 'S', 'A', 'D': walk forward, backward, left, and right
¥ 'C', 'Space': fly up, and down
¥ Mouse: look around the environment
¥ Scroll Lock: release the mouse so you can go back to BlueJ.
¥ 'Esc': exit the environment.

You can also change some of the instance variables to see how it effects your object. For
example, add the following method to the My3DObject class:

public void bigger()
{

scale += 0.1f;
}

Now, create the object and start the environment. Then, release the mouse by pressing the
"scroll lock" key. Now navigate back to BlueJ and call the "bigger" method by right clicking
on the object. The 3D object will get bigger in real time!

Spicing it up with textures and other attributes

If all students can create are earth looking balls, Env3D will get boring very quickly.
Luckily, there are lots of options that students can use to customize their own objects. Here
is a list of all the attributes that Env3D will recognize:



¥ rotateX, rotateY, rotateZ (data type "float"): rotates the object along the X, Y, and Z
axis

¥ texture (data type "String"): change the texture of the object to the file specified in
this variable

¥ model (data type "String"): change the model so that the object can be an arbitrary
model file (in .obj format)

Creating a game with Env3D

The BlueJ extension gives students a pretty good idea what classes and objects are, but
they will soon want to do more with the environment. The Env3D Java library makes it easy
to integrate a 3D environment into a student's project. Let's start by creating a Game class
template that will be used for all student games:

// Import the Env class, the only class to work with the env3d engine
import env3d.Env;

/**
* A basic template to be used in all Env3D programs
*/

public class Game
{

public Game()
{

}

public void play()
{

// A variable to keep track of when exit condition
boolean finished = false;

// One only Env object is created
Env env = new Env();

// The main game loop
while (!finished) {

// Every frame, check for key pressed
// If "escape" is pressed, exit.
int key = env.getKey();
if (key == 1) {

finished = true;
}

// Display the next frame
env.advanceOneFrame();

}
}

}



Create a Game object and call the play() method. The env3d window will appear, with the
room rendered but no object. Press the "escape" key to exit.

Now, let's add our previously created 3D object to the program:

public void play()
{

// A variable to keep track of when exit condition
boolean finished = false;

// One only Env object is created
Env env = new Env();

// This is where we create the game object and add it to the environment
My3DObject obj = new My3DObject();
env.addObject(obj);

// The main game loop
while (!finished) {

// Every frame, check for key pressed
// If "escape" is pressed, exit.
int key = env.getKey();
if (key == 1) {

finished = true;
}

// Display the next frame
env.advanceOneFrame();

}
}

When the newly developed play() method is run, the 3D object will appear in the middle of
the room. Let's make it more interesting by calling the bigger() method every frame by
modifying the game loop:

while (!finished) {
// Every frame, check for key pressed
// If "escape" is pressed, exit.
int key = env.getKey();
if (key == 1) {

finished = true;
}

// Make the game object bigger
obj.bigger();

// Display the next frame



env.advanceOneFrame();
}

Now when the program is run, the object will continue to grow bigger and bigger. The
default frame rate in Env3D is locked at 60 frames per second, so the game loop (and the
bigger() method) will be executed 60 times a second. If we used the bigger() method as is,
the object will grow very quickly. To make the object grow slower, modify the bigger() to
increase by a smaller amount .

A Natural Model-View-Controller

Even with simple examples, it is very evident that the design of any Env3d application
naturally follows the Model-View-Controller architecture. The model consists of 3D objects
that are part of the game. The controller is the Game class and all the associated helper
classes and methods. And the view is encapsulated by the Env class. This logical and clear
separation is very easily grasped by students at this level. Another feature is that using
Env3d is no more difficult than using System.out.println(), and a great deal easier than
using the Java3D library or even the Java Swing API.

Using Env3D In CS1

All the features of Env3D are designed to support teaching of CS1. Here is a sample week-
by-week scenario:

Week Env3D Topic

1
Introduction to Classes and Objects. Provide a few ready made 3D
classes and have students create 3D objects and call some methods

2
Creating 3D objects: Design a single class that has a few states and
methods. Use the BlueJ plug-in to interact with the objects.

3
Introduction to basic software structure: The Model-View-Controller
architecture

4 Making it interactive: interpreting user input

5 Performing simple collision detection

6 Project: Create a simple game with a few objects

7 Using lists to group objects

8 Using more advanced data structures: HashSet, HashMap

9 Create a multi-room environment

10 Project: Create a game with multiple rooms and objects

11 Refactoring

12 Inheritance



Students' Feedback

Feedback from students is very positive. The course material becomes very engaging as
they are able to use what they learned in the textbook to implement their own game
designs. Here are a few links to videos of some students' work:

A clone of Super Mario, see the video at http://www.youtube.com/watch?v=oU1T1wy9f3E

A "tomb raider" type adventure game. See the video at http://www.youtube.com/
watch?v=STFGIHZX5So

A "Star Wars" game, using custom models. For input, the Wii remote is used. See the
video at http://www.youtube.com/watch?v=EKmDC6BqKJY

Conclusion

The Env3d engine is very successful at engaging CS1 students to learn the core material.
We find that students very often go above and beyond the minimum requirements when
working on their assignments. The classic CS1 concepts: loops, variables, collections, and
inheritance, can be presented in a very natural way in the context of 3D video games. We
also found that students ended up asking many questions on more advanced topics such as
computer graphics, limitations of computer hardware/software, and AI when working on
their individual projects.

Many improvements can be made on Env3d. On the technology side, the engine can always
be improved to run faster and contain more advanced features such as dynamic lighting and
bone animation. On the instructional side, more examples and project ideas are always
welcomed.

Env3d is open sourced under the GPL license (any version). The Env3d website is at
http://env3d.sourceforge.net . All of the resources, including software download, sample
programs, student videos, and tutorials are available on the website. Feature requests or
bug reports can also be submitted using sourceforge.
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