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Abstract 
 
Students, and people in general, often have problems connecting Computer Graphics 
source code with its visual representation. Since Computer Graphics are in relation with 
our sense of sight, it is logical to assume that it is necessary to have an appropriate 
visual tool for teaching them. This tool that we called “Teach It Yourself” has been 
designed in order to help students (or/and any other people interested in the topic) to 
understand some basic concepts concerning Computer Graphics in an easier and a more 
natural way. 

The aim of this thesis has been to develop this tool using Java and OpenGL under the 
development environment of jMonkey, a game engine. It allows the users to specify 
different concepts in Computer Graphics such as textures, materials, lightings and 
shadows in a 3D scene. 

This thesis reflects on all the work of creating this educational program from the 
beginning and the choices we have made in the process. 

 

Key-words: Computer Graphics, jMonkey, platform, engine, pedagogical, teaching, 
3D, OpenGL, Java, image, GUI, rendering. 
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1. Introduction 
Computer Graphics is a growing field within Computer Science in which we research 
how the graphics are expressed, formed, handled and showed, as well as the methods 
for digitally synthesizing and manipulating visual content. They play an increasingly 
significant role in our lives, both practically and culturally. Nowadays everybody uses 
them almost without noticing of their importance: since an executive who uses slides to 
present sales information to a customer, a gamer who plays a computer game or a 
student who interacts with a simple user interface. Furthermore, some of these 
applications require drawing tree-dimensional objects on the screen of your computer 
(computer animations and video games, for instance). 

According to Hill, F.S. and Kelley, S.M. [1], “Everyone wants to be more productive 
and to communicate ideas better, and Computer Graphics can be a great help.” In 
general, people are able to absorb much more information from a picture than from a 
text. In addition, it is well known that graphical user interfaces are an effective way for 
teaching concepts that can be easily shown with the use of them. 

Since Computer Graphics is a subject which makes up pictures in the monitor by 
calculating and other procedures, programming plays a certain role here. In addition, 
Computer Graphics are in relation with our sense of sight so it is reasonable to assume 
that it would be necessary to have an appropriate visual tool for teaching them. We have 
called this tool “Teach It Yourself” and it has been developed in order to help students 
(or/and any other people interested in the topic) to understand some basic concepts 
concerning Computer Graphics in an easier and more natural way. 

1.1. Motivation 
Currently in the market there are many complete and expensive solutions to show the 
results in an image after having applied a special technique like 3D Studio Max, Maya 
or LightWave. However, the problem here is that this kind of programs is made mainly 
for 3D artists or professionals and not for teaching purposes. Therefore, they lack a 
friendly interface since they have so many features which are, of course, very useful for 
those image professionals who work with them daily. Nevertheless, many of these 
features become redundant when teaching basic Computer Graphics courses. 
Sometimes, when a beginner sees so many options in the main screen of the program, 
his reaction is often to close the application without even trying it. 

A growth of students’ interest in research and learning encourages them to use all the 
resources accessible. Some weaker students have difficulties in reading, most especially 
with abstract and mathematical concepts. These problems are more highlighted in 
Computer Graphics, where mathematical expressions, structures and programming 
projects may become very difficult. 

Therefore, the motivation for this thesis is to give teachers, students and other people 
interested in Computer Graphics a “simple” tool where they can test and try several 
methods and basic concepts used in 3D Computer Graphics such as advanced rendering 
and physical-based real-time animation of objects with and without GPU support. This 
approach promotes a more comprehensive, deeper and more memorable understanding 
of the theory, principles, and methodologies of Computer Graphics. Additionally, it will 
be a visual tool because students often have problems connecting Computer Graphics 
source code with its visual representation. 

Furthermore, students who use visual information can focus on the meaning, 
reorganize and group their ideas easily, making a better use of their visual memory. In a 
study entitled Graphic Organizers: A Review of Scientifically Based Research [2], it 
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was concluded that visual learning improves student performance in critical thinking, 
creativity, retention, comprehension and organization. Thus, teaching can be highly 
improved using this type of visual tools. 

 

1.2. Goal criteria 
This section describes the goals pursued by this work in order to solve the problem and 
the criteria used to validate them: 

• The first goal we want to achieve is to decide under which platform we can 
implement our solution. For this, we study which type of audience would use 
this application and which needs they could have. 

• The second goal is to research on the current alternatives of our application and 
decide how we can provide something new to the field. 

• The third goal is to compare among different game engines using our personal 
criteria to settle the best one we can use to develop our solution. 

• The fourth goal is to know and receive feedback about the usability of our 
programme. For this, a questionnaire will be conducted on a small sample. 

• The fifth and last goal is to provide of a new functional prototype tool that can 
be used for teaching Computer Graphics. 

 
1.3. Outline 
This thesis has been divided into seven chapters. In the first one we introduce the topic 
field of this work, Computer Graphics, as well as the motivation and the goal criteria of 
this work. 

In the second chapter, we discuss the background we have found during our literature 
review about different studies in teaching Computer Graphics. Then, we define several 
global concepts that we think they will be necessary to have a better understanding of 
the next chapters. 

We describe in the next chapter, three, the approach of this work, starting with the 
current approach using a game engine and followed by the former/previous one. 
Throughout the rest of the chapter, we show also the process of how we chose the game 
engine and how we finally developed our solution. During this, we applied some criteria 
and graded twelve game engines. Finally we describe the chosen candidate with all its 
features. 

In chapter four we explain all requirements to the specification of the implementation 
of our programme. Moreover, we made a research here about other papers, programs or 
books related with the topic of teaching Computer Graphics to know our product 
perspective. 

Chapter five is dedicated to the implementation of this approach, explaining all the 
steps we followed, the problems we got in the way and finally a description of the 
developed solution together with its features. 

For the next chapter, six, we conducted an interview related to the use of our 
programme in order to receive feedback and to see how the final users would use it.  

Finally, in the last chapter, number seven, we talk about some future work that would 
be interesting to do in order to improve this work.  
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2. Background 
In this section we explore the literature related to the concept of teaching Computer 
Graphics: the educational methodologies using computers, the difficulties that students 
have when studying this field, and the importance of the use of the technology and 
games in education. Then, we present all the similar existing products to our 
programme. 

2.1. Literature review 
The design of an educational program consists of imagining, thinking, elaborating and 
describing a computer-based system related to some pedagogical objectives and to the 
different pedagogical limits to be taken into account with respect to the settings within 
which the software will be used [3]. 

There are two educational methodologies using computers. The first one is called 
Computer-based instruction (CBI) and it uses mainly multimedia to aid the learning 
processes. The second one, Computer-assisted instruction (CAI), is the most popular 
and explains the use of computers for instructional tasks. Several different types of CAI 
exist: drill and practice, tutorial, simulation, computer-managed instruction, and 
problem solving. Normally, educational programs use a diversity of CAI techniques [4]. 

Introductory Computer Graphics courses are part of many Engineering, Informatics 
and Computer Science course programs. These courses are ones of the most active 
branches and can contain a large number of sub-fields like geometric modelling, 
rendering techniques, design, computer animation and computational photography. 
They usually give an overview of the field and then focus on the rasterization-based 
rendering pipeline of modern graphics hardware [5]. 

Due to the fact that the foundation of Computer Graphics is math, essential theory is 
often too hard to students what leads to many of them to have difficulties on learning 
the course. In these cases, the teacher must provoke student’s learning interest and 
increase their enthusiasm as well as their analysis problem abilities [6]. Therefore, the 
question here would be how to promote this stimulation for students to think actively 
and to develop student’s creative thinking gradually? The basic goal of Computer 
Graphics is to understand and grasp the related concepts comprehensively and 
systematically. The students should have the abilities of practicing experience and 
programming ability to know and discover the hot issues in the present research area. 

In the paper “Research and Discuss in Teaching of Computer Graphics”, Li, L. et al. 
[7] define three points to pay special attention while teaching Computer Graphics: 

- Firstly, we should think on the student’s acceptance abilities carefully so the 
teaching contents can be extracted. We should pay attention to the base aspects, 
emphasizing the base concept and theory, and taking the main idea of how to inspire the 
objects in the real world “life-likely” to explain the related contents. 

- Secondly, we should make the important points show up for some arithmetic 
contents that must be learned, like Z-Buffer algorithm or light track algorithm. We 
should analyse them carefully so the arithmetic realization becomes easy.  

- Thirdly, we should pay attention to the relationship between theory and application. 
We should introduce Computer Graphics’ theory and arithmetic of graphics applied in 
the design of popular graphics software such as Auto CAD, 3D Studio, etc. and promote 
the communication between learning theory and using the application software. 

Another study from the Netherlands, “Reviewing the need of gaming in education to 
accommodate the netgeneration” [8], introduces the concept of the use of simulations 
and games in higher education. This comes from the perception that students belong to a 
‘net generation’, which means that they have grown up with computer games and other 
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technologies, which affect their favourite learning styles, social interaction patterns and 
use of technology. In addition, this research confirms again the students’ preferences 
about a more active education and collaborative and technology-rich learning. 
Consequently, gaming is proposed as the new teaching method which fulfils these 
requirements. Bekebrede, G. et al. [8] claim that “Gaming requires and elicits learning, 
fuels a perception that educational institutes can and need to adopt gaming technology 
and the accompanying principles of use to ensure the appeal and thus the learning effect 
of the educational programmes offered”. 

Moreover, the use of games in education is a motivational element that could help to 
make the “knowledge-building” process more personalized, establishing an adaptive 
and flexible environment where any skill, subject or concept could be effectively 
learned. This scenario fits perfectly into a game perspective so we can take advantage of 
the technological culture over where they are immersed and transform it into learning 
resources. When a student plays in a controlled environment or construct them, it might 
be possible to present entirely stimulating situations where actions only happen in this 
virtual world, which provides of a reduction of cognitive load [9].   

The adoption of technology and use of software for teaching and learning should be 
considered as a pedagogical extension of a teacher’s approach to the instructions in the 
classroom. They increase the pedagogical role of the teacher beyond the traditional 
lecture and discussion format. For instance, multimedia, Internet connectivity, dynamic 
software, networking and even the fact of organizing of learning make us to recognize 
the shift toward a student-centered constructivist approach of learning [10]. 

Furthermore, for approximately the past ten years, graphics hardware has improved 
at a rate almost three times faster than Moore’s Law predicts, effectively doubling in 
processing power every six months [11]. This fact can lead to think that the material 
presented in a semester-long graphics course may, in theory, become obsolete very 
quickly. Therefore, the efforts should be made to keep the courses as relevant and up-to-
date as possible even when this is a considerable challenge in graphics courses due to 
the rapid pace of technological advancement [12]. 

 

2.2. Existing similar products 
In this section we present all the similar products to our programme that already 

exist. We have found four of them whose descriptions make us to assume that pursue 
the same objectives than us. We will explain the differences with our approach as well.   

    The first one comes embedded into a paper called “eNVyMyCar: a multi-player 
car racing game for teaching Computer Graphics” (Ganovelli F. and Corsini M. 2009) 
[5]. This is a framework whose main characteristic is the collaborative/competitive 
development of a computer game. For this, the authors developed a multi-player car 
racing game where the task of the students was to implement the rendering of the scene. 
Other aspects such as the communication and synchronization were implemented in the 
framework in advance so they were transparent to the developer. One of the most 
innovative futures of this framework is that all on-line users can see the views produced 
by their fellow students. This fact tends to motivate students to improve their work by 
comparing/competing with the other students, picking up ideas from them as well as the 
opportunity to show off to their classmates. The difference between this approach and 
ours is that in our solution the users/students do not have to implement anything. They 
will have also the option to share their work using the option of importing and exporting 
the scene, not via online as it is in this car racing approach.  

    The second one we found is called “Designing an Interactive OpenGL Slide-Based 
Presentation of the Softbody Simulation System for Teaching and Learning of 
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Computer Graphics Techniques” [24]. In this case, the framework’s design has centered 
around common dimensionality (1D, 2D and 3D) of graphical objects for simulation 
purposes and user interactive component. It has been implemented according to the 
architectural pattern Model-View-Controller. The authors paid special emphasis on how 
the softbody objects are modeled and rendered with the purpose to make a base for 
teaching and learning computer graphics. The main difference with our approach is that 
they chose C++ to implement their solution and they do not make use of a game engine 
to recreate the room where to perform all the simulations.  

    The third approach has the name “CGLT: an Effective Computer-based Learning 
Tool” (Diab, H. et al., 2009) [4]. This is another computer-based learning tool for 
computer graphics. The authors claim their tool is user friendly, flexible, effective and 
multi-level, and it has been developed to follow an expository instructional approach. 
Furthermore, it covers all the material presented in standard computer graphics courses 
and it contents a lot of images, audiovisuals, animations and simulations. The 
development of CGLT incorporates different software tools like Toolbook and Visual 
Basic. The difference with our approach, apart of the programming language again 
(Visual Basic this time) might me the use of different levels so the user can choose at 
the beginning the level that he or she is able to perform. 

    The fourth (and last) approach is “A PBL Experience in the Teaching of Computer 
Graphics” [25]. It is an educational strategy to improve student’s learning capability 
focusing in the development of a C++ graphical environment. It makes use of the 
OpenGL libraries for visualization and handling of different graphical objects. The 
options we can find in the program are: point of view (the camera position is defined in 
spherical coordinates), projections type, objects rendered (three basic primitive objects: 
a cube, a sphere and a teapot), hidden surface and lightings.  The differences with our 
approach are that the authors again chose C++ to develope their application and our 
approach provides of many more objects to interact with. 
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3. Approach 
This chapter is dedicated to give an overview of the approaches that was reasonable for 
this project. They thoroughly differ due to changed requirements and extents. 

3.1. Current approach using a game engine 
The current approach differs in many ways from the initial implementation thoughts. 
The most significant change might be the use of a game engine. A game engine allows 
the user to create and interact with scenes and objects in it. The target is to build an 
application that lets the user build rooms and placing as many objects and sources of 
light as he or she wants in it. The scene and all objects are manipulable on a permanent 
basis, what means that they can be moved, replaced, removed and allow to have 
methods triggered or properties changed on them. These properties include a wide 
variety of effects such as used material, material constants, texture or colour, shading 
method and shadows. 

The chosen engine or framework shall provide physics and sounds to also encourage 
the user to “play” with it, meaning that we want the user to try out and learn. Physics 
are also useful to demonstrate how objects and light sources interfere with each other, 
when they are moving or placed at another location. Sound effects shall be played back, 
when objects collide. 

 

3.1.1. Game engine peculiarities and integration 
The application shall provide a convenient way to embed its graphics into a GUI that is 
in the look and feel of the operating system. It is intended to be run in a resizable 
window. Standard menus such as “File” and “Help” are placed in the top menu and 
provide appropriate entries. 

The window is being divided into two parts that are in parallel to each other. The left 
side shall contain global options and switches as well as options for each scene the user 
creates. The right side will become a container for holding multiple scenes. A scene can 
be created, modified, saved and loaded into one of these slots. This gives the user the 
ability to save states, share the scenes and to compare them. This will be very useful 
when the same scene is being loaded multiple times and different properties are 
changed. Selecting a scene on the right brings up options for it on the left-hand side. 
These options will cover at least the following functionality: Enable or disable the 
ambient light, clear the scene and set options to override all objects in the scene. 

Game engines usually are also event-driven. What nearly all found engines have in 
common is, that they have a single main loop that updates all major components such as 
input from the players, graphics, physics, artificial intelligence, models and sound. This 
loop is not event-driven; it runs mostly a certain times per second without input from a 
user. How often depends on the complexity of the implemented logic, it can be only a 
few times up to many hundred times per second. Usually the main methods that receive 
an update from this loop are supplied with the current game time. So they can determine 
in which frame the game actually is. This game loop is the main difference to classical 
programs that run in a window and require input or other events in order to perform a 
specific task. 

None of the examined engines is capable of Ray tracing. Ray tracing delivers more 
realistic results for the price of computational power. Usually it takes at least some 
seconds up to many minutes and even hours to render one frame using Ray tracing. We 
decided to waive this feature, because we have more advantages using a game engine. 
Also, the final application is considered to be run even on mobile devices such as tablet 
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computers or netbooks with very limited resources. Ray tracing may be a feature for a 
version of this application in the far future. 

Game engines that use OpenGL most often adapt to its right-handed coordinate 
system (Figure 3.1), that is different to known coordinate systems coming from a 
mathematical environment (such as the Cartesian coordinate systems) and usually are 
left-handed. This system has an origin with the three points (0, 0, 0) and “three 
coordinate axes that are mutually perpendicular, and meet in the origin” [16, w3]. 
Because of the right-handed nature, the x-axis is conceived as being sidewards, the z-
axis comes out of it and the y-axis represents the up- and down-vector. In a Cartesian 
coordinate system the positive values of the z-axis go into the screen. Every point in this 
room can be addressed with a unique combination of lenghts on these three axes (e.g., 
[2, 5, 3]). 

 

 
Figure 3.1 The right-handed coordinate system with its three axes. Note how the 

positive values of the z-axis aim towards the beholder. [w2] 
 
A modern approach of these engines is that they use scene graphs. Scene graphs are 

data structures used to organize and control the contents of spatially oriented scene data. 
They consist of several entities which are necessary for rendering, for example, lights 
and geometric objects, together with their respective pose matrices and dependencies 
[17]. Moreover, they can be used to describe a 3D scene as a tree of nodes, enabling 
many optimizations for rendering purposes. 

Traditionally thought as a high-level data management utility for 3D content, scene 
graphs are becoming popular as general-purpose mechanisms for managing a diversity 
of media types. They offer an alternative to low-level graphics rendering APIs like 
OpenGL and Direct3D, providing of an abstraction layer to graphics subsystems 
responsible for processing and presenting scene data to users. 
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The typical data structure that is being used for scene graphs is a tree. Every node 
can has arbitrary many (or none) sprigs, that are nodes again themselves. Leafs are 
nodes with no children and can be geometries for example. 

Being designed that way, scene graphs allow to gain performance by examining the 
relations between the nodes and their children. If a node is not visible, then its children 
are neither. Game logic such as graphics and physics rendering that normally would 
apply to this node and its children can be skipped now. Another great advantage is the 
positioning. Children of a node have a relative position to it. Think of a teapot that is 
situated on a table. When this table is being rotated by 90 degrees on the ground, the 
teapot also is without explicitly applying the same rotation to it. This behaviour on the 
one hand is narrower to the real world and saves computing power on the other hand, by 
making actions such as transformations to the children obsolete. 

We can see in the next figure (Figure 3.2) an example of a scene graph containing 
nodes with children: 
 

 
Figure 3.2: An example of a scene graph containing nodes with children (leafs) [w4]. 

 

3.2. Former approach 
For the first approach, the intention was to implement a graphical user interface for a 
predefined scene. This scene was reproduced in the software 3D Studio Max and looked 
like it is shown in the Figure 3.3: 

 

 
Figure 3.3 Former approach in 3D Studio Max 
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After this, the next step would have been to develop the user interface. For this he 
tried out some Java bindings for OpenGL such as JOGL [w5], and got some 
inspirational ideas from the project Processing [w6]. As in the current approach, the 
intention was to use Java for the coding part with OpenGL embedded in it. The 
application, in the very first stages of the project was going to look like Figure 3.4: 

 

 
Figure 3.4 GUI of the former approach 

 

3.3. Criteria 
Before we can start to have a closer look at available frameworks and engines we will 
have to define our own requirements and criteria (Table 3.1). All of them are assessed to 
have different weightings. The weight of an engine will indicate later, how appropriate 
it suits our new approach. We will decide for the engine with the highest score. Not all 
engines deliver what we need. The core should be capable of processing complex 3D-
graphics and effects, input from the mouse and keyboard, physics and especially 
collisions and audio effects at last. Using an extra engine for managing physics would 
also be an option, although it is not desirable. Not desirable because we would need to 
pair two kinds of software, what itself implies probable problems such as license 
conflicts or impossibilities like different implementation languages. For example, 
Microsoft’s XNA-platform can be combined with the freely available and open source 
Jitter-physics engine. XNA itself has no built-in physics processing capabilities. Due to 
good experiences the combination of two pairable engines is considered. 

Another limitation is the possible integration and interaction with scenes into 
standard windows, to make the application look and feel like a standard programme and 
not like a game. Once paired, it must be possible to interact from the window with the 
scenes and vice versa. As mentioned in section 3.1.1., the user might change properties 
or trigger methods related to one of the scenes in the window (e.g. clear the scene from 
any objects). All inputs should work flawlessly when changing from one part of the 
application to another. The mouse shall be used to steer the camera in one scene and to 
also navigate in the ordinary programme. 
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The resulting programme should be highly portable, deployable and runnable out of 
the box on a large scale of different platforms. Therefore it is desirable to use open 
source software with unrestricted licenses such as the (L)GPL or MIT license. The 
GNU (Lesser) General Public License is a license developed by the Free Software 
Foundation and the MIT license has its origins in the Massachusetts Institute of 
Technology. Therefore we aim for engines and frameworks that use Java, but we do not 
focus exclusively on Java. 

One last large criteria about our own implementation skills. We are limited to Java, 
JavaScript and C#. Only minor experiences with greater projects exist in C and C++, so 
one of the aforementioned languages would be desirable. Therefore we also assess the 
available documentation and its soundness as well as the receivable support from the 
community and/or the developers. 

The following table contains all our chosen criteria with their corresponding identity 
that was opted successively. The second column already outlines the assessed weighting 
we considered for each criterion. The assessment process and the calculations can be 
found in section 3.4.1., the ABC analysis, which is the foundation to it. 

 
Criterion Weighting ID 

Implementing language: Preferably Java, JavaScript or C#. 
C and C++ remain to be the second choice. 

8.3 % A 

Available 3D-effects: The engine shall use OpenGL for 
effects processing. The expectations to the engine include 
different methods of lighting (Per-pixel, Phong), rendering 
(flat, Gouraud), reflections, textures, bump mapping and 
shadows. 

19.4 % B 

Physics: Preferably the physics engine is already paired 
and incorporated with the game engine. Simple collisions 
and (in-)elastic impacts are a must. One claim is, that the 
physics engine should be able to handle not only rigid 
bounding boxes. 

5.6 % C 

Portability: In order to make the final application available 
to a wide range of users it should use a platform-
independent programming language like Java, C/C++ or 
Python. Lacking external dependencies like runtime 
environments and libraries also increases portability. An 
application that consists of only a few files and can run on 
a wide range of platforms without being changed is 
desired. It should take a minimum amount of efforts by the 
user to transfer and use the programme on different 
platforms. 

16.7 % D 

Possible input controlling mechanisms: The user’s mouse 
and keyboard shall control the application. It must be 
possible to easily bind these controls. 

2.8 % E 

Acceptable performance on low-end devices or computers 
with a minimum of available computational power such as 

13.9 % F 
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Table 3.2: ABC Analysis 

 

netbooks. 

Open source, loose licenses: Involvement of components 
with loose licenses that are freely available will allow us to 
create an easily distributable programme. 

13.9 % G 

GUI integration and interaction: The application desirably 
shall not look like a game (with in-game menus etc.). The 
input received from the mouse shall be usable in all parts. 

2.8 % H 

Available documentation, forums and support from the 
community and developers: A good documentation is as 
well important as the support from other people when 
developing. The seamless integration of models designed 
by us and a supplied development environment are 
desirable. 

16.7 % I 

Table 3.1: Criteria for the candidates 

3.4. Assessment of the criteria 
Now that the criteria have been determined, they need to receive a weight. The ABC 
analysis is ideal for that, as it tests every criterion against each other. Furthermore the 
weighted criteria will be needed when the engines are tested for their suitability later on. 

3.4.1. ABC analysis 
During this analysis all criteria are run against each other. Nine criteria were settled, so 
36 comparisons have to be made (Table 3.2). The identity of the criterion behind the 
colon is the “winner” of this comparison. By directly comparing one criterion against 
another, we subjectively decide for the winner and determine which of the both criteria 
is more important to us. In the end the number of wins determines the criterion’s 
weight. The number of wins in the table below is counted to determine the final weight. 
The formula will be number'of'wins'/'total'comparisons'*'100. 
 
Criterion         # of 

Wins 
Weight 

A         3 8.3 % 

B AB:B        7 19.4 % 

C AC:C BC:B       2 5.6 % 

D AD:A BD:B CD:D      6 16.7% 

E AE:A BE:B CE:C DE:D     1 2.8% 

F AF:F BF:B CF:F DF:D EF:F    5 13.9% 

G AG:G BG:B CG:G DG:D EG:G FG:G   5 13.9 % 

H AH:A BH:B CH:H DH:D EH:E FH:F GH:G  1 2.8 % 

I AI:I BI:I CI:I DI:D EI:I FI:F GI:I HI:I 6 16.7 % 

         36 100 % 
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3.5. Candidates 
In this section we talk about the twelve game engines that were assessed. A short 
overview with detailed information for each candidate engine followed by a table with 
grades that the engine received can be found in the Appendix F. This use-value analysis 
combines the assessed criteria with the corresponding game engine. Every candidate 
receives a rating. The engine with the highest rating is chosen afterwards to implement 
the proposed application. We defined nine criteria, what results in a maximum score of 
1,000 points that are achievable. 
    The following tables contain the list of all criteria (A - I) and the points the engine 
received. Grades are in the range [0 - 10], where 0 represents the lowest and 10 the 
highest possible grade. These grades are being multiplied with the weightings 
afterwards, so that there will be a score. The scores are commercially rounded. 
    Among all the candidates we found very interesting features that few of them 
provided. This made that only 6 candidates achieved a score above the 750 points. They 
were: Baja Engine (775.8), Crystal Space (775.8), Axiom 3D (761.5), Expresso 3D 
(775.8), Irrlicht (839.8) and jMonkey (962). The programming language of most of the 
candidates were Java and C# and they offered one type of free license of use. The 
common input controlling mechanisms, mouse and keyboard, were also supplied by all 
of them as well as a pretty fair online information and forums. At the end, the key 
points that lead us to the winner candidate were the physics and the 3D-effects that the 
candidates were able to implement. 

 

3.6. jMonkeyEngine, the chosen candidate for the application 
jMonkeyEngine is a game engine for developers who want to create 3D games 
following modern technology standards. The framework is programmed totally in Java 
that provides with wide accessibility and quick deployment to desktop, web, and mobile 
platforms. 

jMonkey is not a visual “RPG Maker” or drag-and-drop “FPS mod”. Actually, it is 
designed for programmers who feel comfortable writing Java code. jMonkeyEngine is a 
‘state-of-the-art’ starting point for any aspiring 3D games developer. 

 

3.6.1. Platform, engine and community of jMonkey 
Coming from an Eclipse environment, it took some time to get accustomed to the 
jMonkey platform, as it derives from the NetBeans project. Both development 
environments have their advantages and disadvantages. One big problem we faced was 
the broken and incomplete feature of code folding. Opening a file in that recently code 
has been folded showed it fully expanded again. We decided to stick with the fork of 
NetBeans, not only because it delivers features such as simplified importing of models. 
It also integrates flawlessly with the libraries of the jMonkeyEngine what came in really 
handy when creating new projects. One project called “JMETests” is included in the 
platform. It features more than 30 packages with around ten to 25 atomic examples per 
package. All these examples can be run and therefore are easily comprehensible and 
manipulable. 

    The community in the forums is really helpful and a good atmosphere prevails. A 
few times we started new discussions that were answered quickly. Some threads remain 
unanswered, and a search on the Internet was made to find appropriate answers to those 
questions. In many cases we found ourselves again in old discussions on the forums of 
jMonkey. A problem we often had was that those discussions were old and the solutions 
therefore outdated. Not particular old, but often more than a few months. That was 
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tragic, because we decided to use the youthful version three of the engine. Most 
solutions regarded version two, that is completely different in its API and game logic. 

The developers and contributors call the documentation of the platform in version 
two and three their treasure. This is absolutely true; the wiki features tutorials for 
beginners, intermediate and advanced users. Nearly all of the examples come with 
example source code that can be copied, pasted and run. Besides the wiki a full Javadoc 
for versions one to three exists. The latest version also comes bundled within the 
platform. 

 

3.6.2. Features 
A list of the features of the jMonkeyEngine follows. Note that we are not going to use 
all of them. 

• Free, open-source software (under a BSD license) - This license permits to 
use the search engine freely for commercial, educational or hobby game 
development. 

• Minimal adaptations for cross-compatibility - The programs developed by 
jMonkey can run on any OpenGL 2 and 3-ready device with the Java Virtual 
Machine - web, desktop or mobile. 

• jMonkeyEngine SDK - A complete development environment (IDE) with 
visual editors, integrated tools and unique plug-ins.  

• Complete and modular - The developer keeps the power while getting all game 
development essentials straight out of the box. 

• Built around a shader-based architecture - jME3 makes using shaders so easy 
actually to learn GLSL in the time that the user saves applying a shader to the 
model. A shader-based architecture means excellent compliance with current 
and next generation graphics standards. 

o GLSL 
o Shader libraries 
o Shader permutations 

• Lighting support - jMonkey supports the following types of lighting (Figure 
3.5):  

o Per-pixel lighting 
o Multi-pass lighting 
o Phong Lighting 

! Diffuse Map 
! Alpha Map 
! GlowMap 
! Bump Map 
! Specular Map 
! Parallax Map 

o Tangent shading 
o Reflection 
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Figure 3.5: Lighting character in jme3 

• Physics: Thanks to the use of JBullet, a Java port of the Bullet Physics library 
[w21], to wrap bullet into jMonkey objects assures an easy interaction (Figure 
3.6). 

o JBullet binding 
! Physical characters 
! Physical joints and hinges 
! Ray-cast vehicle 

o Ragdoll physics 
o Multi-threaded physics 
o Mesh-accurate collision shapes 

 
 

 
Figure 3.6: Brick tower (physics) in jme3 
 

• Special Effects: 
o Particles: Smoke, water, fire, cloth, explosions, etc. (Figure 3.7) 
o Post processing / 2D Filter Effects 

! Reflective Water 
! Shadow mapping 
! High Dynamic Range rendering 
! Screen Space Ambient Occlusion 
! Light Scattering 
! Cartoon Effect 
! Fog 
! Bloom 
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! Depth of Field Blur 
 

 
Figure 3.7: Explosion (Special Effects) in jme3. 

 
 

• Asset System: Using description files for materials, models, UI and any other 
design data; designers can work on the assets independently from the 
programmer. 

o Asset importing 
! Animation 
! Meshes 
! Textures 
! Scenes 
! Materials 
! Shaders 

o Multi-threaded asset loading via HTTP 
o Loading scenes from .ZIP files 
o Sharable AssetPacks 

• Supported Formats: 
o Models: Ogre Mesh XML, Ogre DotScene 
o Models: Wavefront OBJ, MTL 
o Textures: DDS, HDR, PFM, TGA, JPG, PNG, GIF 
o Font: Bitmap fonts 
o Audio: WAV and OGG (OpenAL, Ogg Vorbis) 
o Video: OGV (Ogg Vorbis) 
o jME3 binary files (objects and scenes): j3o 
o jME3 materials: j3m 
o jME3 material definitions: j3md 

 
• Texturing: 

o Multi-texturing through shaders 
o Splat textures 

 
• Terrain: 

o Geomipmapped heightmap terrain 
o Import Ogre3D dotScene format 
o SkyBox and SkyDome 
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o Terrain lighting (Figure 3.8) 

 

Figure 3.8: Terrain example in jme3 
 

• Graphical User Interface 
o Orthogonal (Billboard) node 
o Nifty GUI integration (Figure 3.9) 

! Text fields 
! List boxes 
! Drop-downs 
! Sliders & scrollbars 
! Scrollpanel 

 

Figure 3.9: Nifty GUI preview in jme3 
 

• Miscellaneous 
o Application States and Controls to implement game logic 
o Cinematics and motion paths 
o Camera System 
o Normal or parallel view 
o Multiple views 
o Swing canvas (e.g. for Applets) 
o Input handling 
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o Mouse, keyboard, joystick 
o Combo moves 
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4. Requirement Specification 
The resulting application is considered a bigger project, we see a need for defining such 
a specification. It includes details about the behaviour, constraintsand characteristics as 
well as technical details such as interface requirements. 

The target is to develop an application that is as close as possible to this 
specification. It is in general compliant to the IEEE 830 [w22] standard, a recommended 
practice for such specifications. To fit our needs, we waived and added some points of 
the standard structure. The sections “User characteristics” and “Software system 
attributes” were discarded. The former one because it is already covered in the scope 
(4.1.2.), the latter because it is not applicable anymore. The sections “Look and feel 
requirements” and “Requirements to usability” have been added to subdivide their 
parent section. The section “Logical database requirement” has been renamed to 
“External data requirement”, as a database is not needed. 

4.1. Introduction 
This subchapter contains information about the purpose of the resulting application, 
who should use it and finishes with a rough overview of what will be implemented and 
how it will be done most likely. The overall description, the detailed product’s functions 
and constraints are covered in the next subchapter. 

4.1.1. Purpose 
The purpose of the following requirement specification is to show what features and 
work is required by both the user and us as the developers. All necessary steps to create 
the application “Teach It Yourself” are pointed out. 

4.1.2. Scope 
The main scope is intended to cover educational institutes as well as autonomous people 
with a certain interest in 3D graphics. Initially local teachers were supposed to use this 
application later on. By using open source and free licenses all other people and groups 
are also encouraged to try, play and learn. Not only teachers can show effects to their 
students and pupils, they rather can teach themselves. The use of a physics engine will 
encourage arbitrary people to create, share and manipulate scenes, to adjust effects and 
to place and move objects. 

    We understand, that “[..] not everyone [..] ” will use our application and play with 
it, but “[..] interactive entertainment is the choice of the 21st century.” [18] There is no 
market our application has to compete in; it shall be freely available, yet it is (not only) 
aimed at people who play games. 

4.1.3. System overview 
Most likely the whole programme will be deployed as a single .jar-file. Jar-files are Java 
archives and basically zip-files containing additional meta information about the 
contained programme. It will include all necessary classes, libraries, models, textures 
and sounds. The application itself will only consist of one main screen, which is split 
into two main columns. The left columns will hold scene-wide options and settings and 
allows the user to toggle global effects. Available options depend on the scene and 
objects in it. This column will also hold the object chooser. The user will be able to pick 
objects out of a list here and to drop them into a scene. These objects will cover at least 
the default models of spheres, boxes, doughnuts and the famous teapot. The user will be 
able to load external models supported by jME (OgreMesh XML, Ogre DotScene, 
Wavefront OBJ & MTL). The left column will use a vertical tabbed menu, a so-called 
accordion. 
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The right column will hold a multiple scene view. It will allow the user to load up to 
four scenes at the same time to compare them. Which of these scenes is active will be 
shown by an outline. Depending on the available computational power the user can 
choose to not to pause scenes that have no focus. 

The menu will hold the basic options to store, export and load scenes into the desired 
slot. Performance options will be provided there as well. The application is intended to 
be run in windowed mode, not full screen. Maximization is possible. 

The programme shall contain help boxes where appropriate. Once clicked, they bring 
up a dialog that explains the particular function or effect and what impact it may have 
on the scene. These boxes represent one particular part of the self-teaching process. 
Without foreknowledge the user shall be enabled to fully understand what is being 
explained. 

4.2. Overall description 
Here we review the functions that we included in our application and the few 
constraints, assumptions and dependencies we found during the developing process.  

4.2.1. Product functions 
A summarization and overview of the product’s functions: 
• Create, modify, save, export and import scenes in an XML format (see section 

4.4.5.1.). 
• Build scenes with unlimited object and sources of light, apply different 

rendering mechanisms to the scene in real time. Drag and drop of objects in the 
scene using the mouse. 

• Multiple slots allow the parallel editing and comparison of a number of scenes. 
• Multi-threaded processing of scenes with fully integrated physics processing. 
• These physics include gravity, collisions and impacts. 
• Utilization of OpenGL allows the following effects: 

o Mesh-wise toggling between flat- and smooth-shading 
o Per-pixel lighting, Phong lighting (Diffuse, Alpha and Bump map) 
o Lighting and reflection colours on a per-object basis 
o Dynamic shadows, manipulable materials 
o Wire frame portrayal of the scene 

• A GUI that integrates with the system’s Look and Feel, it runs on. 
• Utilization of rich widgets, that allow object and colour picking. 

4.2.2. Constraints, assumptions and dependencies 
Due to the use of a game loop and real-time physics, we will not be able to implement 
Ray tracing. This rendering technique is based on permanent rendering that enhances 
the scene on an on-going basis and removes artefacts in the picture with every iteration. 
The game loop and physics will update the scene many times per second, forcing the 
Ray tracing algorithm to restart in every frame what would cause a super noisy picture, 
making it impossible to demonstrate it. See the appendix Afor Ray tracing. 

The jMonkeyEngine only allows global shadows. Version three offers three different 
shadow renderers, namely the BasicShadowRenderer, the Parallel-Split Shadow Map 
and the Screen Space Ambient Occlusion. All objects in a scene can cast and receive 
shadows, but casting dynamic shadows caused by sources of light is not possible. A 
global shadow has one direction, so that shadows are being casted parallel. 
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4.3. Specific requirements 
The specific requirements outline the demands to the resulting application in detail. This 
includes external requirements as well as needs for the Look and Feel, usability and 
performance. 

4.3.1. External interface requirements 
There will be no interface that is exposed to the outside. The application only can 
import and export scenes in an XML-like (eXtensible Markup Language, [w25]) format 
being the only external interface, described in section 4.4.5.1. Other applications can 
read this format with a simple DOMDocument parser (DOM, Document Object Model, 
[w26]). However, it shall be possible to import object assets in a format that is 
supported by the jMonkeyEngine as aforementioned. 

4.3.2. Functional requirements 
Two groups of functional requirements need to be considered here: the first one about 
Look and feel requirements and the other one about usability requirements.  

According to the Look and Feel requirements, all components used for the graphical 
user interface (GUI) shall be modern Swing-components. Those components allow to 
adapt to the look of the operating system, giving the user a feeling of using a native 
application. This Look and Feel is available on Linux Gtk, Mac and Windows. GTK+ 
(GIMP Toolkit) is a free cross-platform component library written in C that allows the 
creation of graphical user interfaces [w27]. Swing components are lightweight and 
rendered directly by Java. Therefore they are not dependent on native components of 
the operating system and work the same on all platforms, what also accommodates to 
terms of portability. Swing has some more advantages as opposed to the old AWT-
components. Swing allows to set the Look and Feel, the use of keyboard accelerators, 
drag and drop, tooltips and has new built-in panels and layout managers. Since Java 1.4 
Swing has a more performant implementation and allows acceleration through 
hardware, making it the ideal candidate for the resulting application. “Initial expectation 
before performing this benchmark was to find SWT outperform Swing. This 
expectation stemmed from greater responsiveness of SWT-based Java applications (e.g., 
Eclipse integrated development environment) compared to Swing-based applications. 
However, this expectation could not be quantitatively confirmed.“ [w28] 

With respect to the usability requirements, the final application shall not contain any 
atomic input fields. More complex programmes allow the user to sometimes put in 
values that have no direct relation to the outcome. Switches, drop downs with 
distinguished options, radio buttons, sliders and knobs with a predefined range / domain 
of minimum and maximum values will be the only available inputs. Despite of that, the 
user will be informed of the actual value of a component. 

The user is supposed to use the application only with the mouse. The usual keys to 
control a windows application should also be an additional but not mandatory 
alternative. 

4.3.3. Performance requirements 
The application should be runnable on desktop computers as well as on portable devices 
such as tablet computers and netbooks. A minimum frame rate of 15 frames per second 
(FPS) should be achieved with a standard complexity of two objects, ambient lighting 
and one additional source of light in one scene. There will be an option to pause inactive 
scenes. Pausing technically means, that the game loop in the particular scene is skipping 
all actions and methods. Input is not checked, physics and graphics are not being 
processed, therefore no sounds will appear. This will allow the user to save 
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computational power on low-end devices and freeze the scene. Nevertheless the user 
may choose to only load and work with one scene. 

Every scene runs in an own thread. This encourages multi processor (respectively 
multi core) computers to outperform even better and increases the responsiveness. 
Threads can be sent to sleep, when to scene loses the focus or the user intends to not to 
update inactive scenes. A running scene-thread runs the usual game loop in it, that 
updates the graphics and physics and reacts to input. The user will be given the option, 
to run the scenes with a software only OpenGL context without hardware acceleration. 

4.3.4. External data requirements 
Scenes will be stored in an XML format. XML allows other applications to easily 
interpret those files and to read meta information out of them. The application will be 
delivered with some pre-defined built-in scenes to show off all available effects and 
models. 

These XML files are structured similar to the scene graph. This graph has a tree like 
structure in the jMonkeyEngine, so the XML will have. The <scene> tag represents the 
root. To this root, children can be appended. Children are allowed to have own children 
(if appropriate). The child’s tag name determines the type of the child, e.g. 
<pointlight> or <cube>. Each child has, depending on its type, a set of available 
attributes. These attributes include the object’s coordinates, perspective, colour, shading 
method and material. 

When a scene is loaded, all objects of this tree are added to the scene’s graph, which 
itself is a tree again. These files become highly portable, allowing the users to easily 
share their scenes. The resulting file sizes are considered small, because the content is a 
description of a scene, not the scene itself. 
The following example depicts an example of how a serialized scene in XML format 
may look like. 

 
<?xml'version="1.0"'encoding="utfA8"?> 
<scene'gravity="9.81"'gravityAenabled="true"> 
'<metrics'width="100.0"'height="125.0"'depth="80.0"'/> 
'<ambientAlight'state="on"> 
'''<coords'x="50.0"'y="125.0"'z="40.0"'/> 
'''<perspective'x="50.0"'y="125.0"'z="20.0"'/> 
'</ambientAlight> 
'<graph> 
'''<sphere'shading="flat"'material="DiffuseMap"> 
'''''<coords'x="22.5"'y="37.0"'z="0.0"'/> 
'''''''<properties> 
'''''''''''<property'name="Colour"'key="Specular"'
value="ColorRGBA.White"'/> 
'''''''''''<property'name="Colour"'key="Diffuse"'
value="ColorRGBA.Red"'/> 
'''''''''''<property'name="Float"'key="Shininess"'value="5f"'/> 
'''''''</properties> 
'''''</sphere> 
'''''<directionalAlight> 
'''''''<coords'x="40.33"'y="85.0"'z="32.1"'/> 
'''''''<properties> 
'''''''''<property'name="Direction"'value="(1f,0f,A2f)"'
remark="normalize"'/> 
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'''''''''<property'name="Colour"'value="ColorRGBA.White"'/> 
'''''</properties> 
'''</directionalAlight> 
'</graph> 
</scene> 

4.3.5. Other requirements 
To be able to success with the use of our programme it should be able to gather some 
other requirements: 

- Easy to use: This must be regardless of whoever is the end user: teachers, students 
or/and any other people.  

- Intuitive: It has a close relation with the previous requirement. Nowadays nobody 
wants to spend a long time reading manuals or tutorials. Therefore, our programme 
should fulfil this requirement as much as possible, for instance, in the location where 
the options are displayed. 

- Limited: In the sense that it is not necessary to implement thousand effects when 
most of the times they are only several of them which will be used. 

- Fast: Quite related to the performance. There is no fun (success) if the user has to 
wait a lot of time to be able to see the result of a single action or effect. The code should 
be optimized for this. 

- Fun: It can come with some unexpected results or something that makes the user to 
want to try our programme again. 

A core requirement is the fulfilment of the proposed teaching effect, providing the 
users with the ability to teach themselves. Even people that are new to the topic of 3D 
Computer Graphics shall be able to understand the outcome of their doings. 

According to the used object and available effects in a scene there will be 
corresponding help boxes displayed. A click on these will bring up a short dialog with 
explanations. 
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5. Implementing our new approach 
The jMonkeyEngine comes with its own so-called jMonkeyPlatform (jMP) (Figure 5.1). 
This platform is a derived NetBeans development environment. It allows generic Java 
development and delivers unique game development features, like importing, viewing 
and editing models, terrain and materials. It also allows as Jar, WebStart, Applet and 
Android application. It can create platform specific launchers as well (e.g., .exe for 
Windows). 

The next subchapter will introduce the platform in detail, its peculiarities, what 
patterns were used and divergences from the requirement specification. 

5.1. The jMonkey platform (jMP) 
The jMP comes with one included project, called “JmeTests”. This project features 
many small games that show off mostly one specific feature, allowing the user to view 
and understand its source code. Projects of this kind also are automatically configured 
to use the jMonkeyEngine libraries. Creating a project of this type also creates the 
needed asset-folders. This platform allows us to manage all needed classes, models, 
textures and the deployment of the final application for all supported platforms in one 
single environment. 

During the implementation many gaps have been bridged by implementing renown 
and approved patterns. Many situations required us to think round the corner. Creational 
patterns such as the Factory- and Singleton-pattern were used to create assets and to 
manage spawned panels in an exclusive list, that itself encapsulates the complex type of 
the panel and acts as a proxy to communicate with it. It “stands in for a more complex 
(private) object” [26]. 

The list of patterns used also includes 
• the Command-pattern, to exchange commands and request operations or 

execute them, 
• the Memento-pattern to (de-)serialize commands, 
• Generics and generic methods to transport serializable types within the 

complex type PanelCmd, 
• and, of course, anonymous types for event listeners. 

All those patterns made it easier for us to develop the application and to maintain an 
extensible interface. We tried to use as much advantages of them as possible, such as 
reusability [27] and enclosure. 

The exported XML looks a bit different from the proposed structure. For the Cornell-
Box, only the gravity is being serialized. All complex and simple spatials as well as 
added lights are stored. For lights their brightness, for spatials their size is saved as well 
as the position and orientation in the space for spotlights and all spatials. If the user 
chooses to import a scene, all objects will be added to it right after it has been 
initialized. 

Only one sound is included. It is a bumping tone that is played back, when objects 
collide with each other or the wall. Due to the nature of how the so-called 
CollisionListener works and buffered sounds are played back, an object rolling over the 
floor can trigger its listener many times. The sound only plays back once in a time, so 
calling the play() method neither starts the sound from the beginning nor stops the 
current playback. This solution can be confusing to the user, so it is disabled by default. 
This option is a global option that affects all scenes. 
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Figure 5.1: The jMonkey platform, a derived Netbeans IDE [w29] 

 

5.2. Difficulties we faced 
During the process many planned and unplanned difficulties were faced, leading to 
some severe delays. This section describes some of them and shows solutions and 
workarounds we applied. This caused deviations to the original requirement 
specification in section four. 

5.2.1. Process-exclusive OpenGL context 
The jMP in version 3 uses Light-Weight Java OpenGL (LWJGL) version 2 to draw the 
game. This version does not allow to use the graphic’s card’s OpenGL drawing context 
more than once per process. Initially the new approach was meant to be a simple Swing 
application with multiple (AWT-)panels. When a user starts a new panel, it shall draw 
into a newly created canvas displayed in the right column. The scene itself would then 
run in a dedicated thread and draw into its panel. When we tried to start those threads to 
run a new instance of a derived game (here: our Cornell-Box) and let them draw into 
their panels, the whole application crashed immediately when more than one thread was 
invoked. 

To circumvent this problem, there are basically two approaches. The first one would 
be to use so-called AppStates. These AppStates are a feature of the jMonkeyEngine. 
They were designed to implement a fully game-state management. Game-state 
management enables an application (or game) to be in different states. One state could 
be the game itself, another the pause screen for example. In the jMonkeyEngine 
AppStates also can be utilized in parallel and even more times. This would allow 
managing and viewing multiple independent scenes that run in one game at a time. 

The second approach is to spawn a new process for every scene, starting an 
independent application with its own graphics context. 

Both ideas have their own advantages and disadvantages. The former has the 
advantage that only one game runs that can be easily manipulated and accessed at a 
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time. Everything would be in place and no special interface would be needed to 
communicate with the scenes. Due to the fact that all scenes run in one process the 
overall performance would be affected by all of them together. A rather difficult task 
would be to tell the application, where to currently use the controls. It would be 
impossible to not to repaint single scenes and to set graphics context-exclusive 
parameters such as the maximum frame rate, anti aliasing, bit depth, global lighting and 
shadow. 

Spawning a new process for each scene abolishes all the disadvantages of the first 
idea, but brings new difficulties. With the biggest one being the communication 
between the main application and each panel. Another great problem is the visual 
arrangement and layout. All started panels need to stay on top of the main application 
and need to maintain the illusion of being embedded into it. When the application 
moves or gets resized, the panels would need to adapt and follow. The panels also need 
to respond the maximization and minimization events as well as being sent to the 
background when the user interacts with the main application (in order to not to overlap 
menus of the server). 

After thorough deliberations we decided to implement the multi-process approach. 
We knew it would be harder to achieve but that it would deliver what we cherish. 

To enable communication between the main application (the PanelServer) and all of 
its children (the scenes / panels) we decided to implement a multi-client / multi-server 
infrastructure. Each new process starts its own dedicated server to receive commands. A 
client socket in this process is used to send commands back to the server. Often the 
PanelServer requests information from the panels or sends commands like changes of 
the alignment or size and hide or show. A class called PanelCmd was designed to be 
sent between these processes. It is serializable and allows transporting scalar values 
(strings, Booleans, floats etc.) and also complex types that implement the 
java.io.Serializable interface. This is used for example, when a panel was started and 
has its server up and running. As soon as a connection can be established, a command is 
being sent containing the complex type JMEPanelSetup. The scene then will initialize 
itself with the delivered settings (like anti aliasing and resolution). The server runs by 
default on the local port 56000 and each client is assigned an incremented port of 56001 
or higher. Some users might experience alerts by their local firewall. We believe the 
user can take this loss of usability. 

During development we also needed the debug-output from the started processes. 
Luckily Java allows to access the stdout- and stderr-streams of a created process. A pipe 
then was created, that redirected these streams to the PanelServer’s corresponding 
streams. 

We could not find a native solution for managing multiple processes in(to) one user 
interface. A complex workaround allows arranging all running clients within the server. 
The PanelServer has an area where all panels will be contained in later on. This area 
dynamically adapts to the available window size and resizes contained panels. When a 
user interacts with the PanelServer, all panels are stopped from staying on top and the 
server itself is brought to the foreground. Minimizing the server also minimizes the 
client panels. 

5.2.2. The AWT Event-Queue and jMonkeyEngine threading 
When one tries to directly add the canvas of the jMonkeyEngine to an AWT-panel, the 
application surely will crash. That is why we were forced to implement a class that 
loads the scene on demand. The demand is, when Swing is ready to invoke the canvas. 
In order to achieve this dynamic invocation, a class called SceneLoader (implements 
java.lang.Runnable) is responsible for that. Swing provides an accessible thread-queue 
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where we tiered the SceneLoader. The dynamic invocation now is done later in an extra 
thread. 

On the other hand, the jMonkeyEngine in version 3 has its own threading-queue. 
One need to use it, when global settings of a scene shall be changed. For example it is 
possible, to change a scene’s global shadow renderer via the panel’s sidebar. Attempts 
to do that directly via detaching (replacing) the SceneProcessor (SceneProcessor is an 
interface that every shadow renderer and many other processors implement) will lead to 
a NullPointerException in the main update-loop. Internally jMonkey works multi-
threaded to work on multiple processors of the scene at the same time. One needs to 
know the exact moment to change processors. 

A built-in mechanism allows intercepting this moment by enqueuing a 
java.util.concurrent.Callable<V> in jMonkey’s threading-queue. Its main-method 
call() lets one perform “harder” changes to the scene such as replacing SceneProcessors 
or to resize the embedding panel, changing the scene’s resolution. 

5.2.3. A replacement for the vertical accordion 
Initially we planned to use a free plug-in for Swing, called JOutlookBar. During 
implementation it showed some serious errors we were not able to fix. We decided not 
to use this JComponent and to create an own side-panel per scene. Focusing one of the 
running scenes will display the scene’s option-panel in the left column of the 
PanelServer now. If no panel is selected, the PanelServer encourages the user to choose 
one in order to take actions. The JOutlookBar instead was supposed to hold one tab per 
scene that could be activated. 

 

5.3. The application: Teach It Yourself 
We chose this name for our application, as it not only implies the purpose of the 
programme. Basically we were developing two applications, the main server and the 
client panels. 

5.3.1. The containment for the panels 
As mentioned before, this part of the application is internally titled the PanelServer 
(Figure 5.2). Its layout adapts to the operating system specific look and feel, if possible. 
It has a left column of fixed width for showing the scene’s option panels and a right 
column for visually holding the spawned scenes. A shallow area in the bottom is 
dedicated to status messages such as when a panel connects or is being closed. Its 
visibility can be toggled to preserve space for scenes and is set to hidden by default. 

The top menu bar has three sub-menus: File, View and About. All menus have their 
own mnemonic (such as Alt-F for the file menu) and all contained entries have an 
accelerator (e.g., Cmd+N to open the menu for creating scenes). In the view menu the 
user can choose to auto-align (new) panels, what will make all open scenes fit into the 
right column of the server. They also respond to resize- and move-events of this column 
then. 
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Figure 5.2: The PanelServer with standard Mac OSX Look and Feel having one 

scene loaded. 
 
The PanelServer tries to start a server listening on a TCP socket with port 56000 for 

incoming commands. This socket accepts only serialized, complex types of type 
PanelCmd. Arbitrary many clients can communicate with this port, a new socket is 
spawned for each. The server can uniquely identify the source of the command, as it 
contains the client’s port, which is equal to its ID. The server maintains a map of all 
spawned (and closed) panels to communicate with each of them. 

The server’s main task is to create or load new scenes. A dialog is shown for this 
purpose (Figure 5.3). Next to each option the user finds links that bring up dialogs with 
detailed explanations. These dialogs embed short hints that are made with HTML-
markup. 

It allows to choose between the creation of a new scene and to load an existing scene 
that has been exported earlier. It is possible to choose amongst options for the colour of 
the Cornell-box, the lighting in it, the global shadow renderer and its filter-mode, 
resolution, bit depth, level of anti aliasing, maximum frame rate and the repainting 
behaviour, that specifies if the scene continues to render when it has lost focus. The 
adjustable gravity ranges from zero to 50 m/s². Confirming this dialog immediately 
starts the scene with the chosen settings. 
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Figure 5.3: The dialog for creating scenes 

 

5.3.2. The panel 
Each panel runs in its own process with its own dedicated graphics- (and OpenGL-) 
context. Upon creation a unique port is assigned a panel shall start a server on to listen 
for commands. A wide variety of commands can be sent: Align, resize, hide, show, 
activate and the generic command “other”. If “other” is received the panel will have a 
look at transported extras such as the setup for the embedding JMEPanel, settings for 
the AssetFactory or changes to the Cornell-box. 

Compared to Microsoft’s XNA-platform the jMonkeyEngine has different 
approaches in many aspects such as the handling of assets, creating objects and 
materials, lighting and shadows. As it is simple to create the eminent HelloWorld-
example with the platform, we used quite many applications to try out all those things 
(Figure 5.4). 
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Figure 5.4 One of many stand-alone applications to try out camera perspectives, 

camera movement and key bindings, different lightings (PointLight, SpotLight, 
DirectionalLight), simple spatials (boxes, spheres etc.), materials and geometries (walls 
and collisions with them). Simple lines were added to the root of the world-space (blue: 

x-axis, green: z-axis & yellow being the y-axis). 
 

This also helped us a lot to find the boundaries of possibilities with the 
jMonkeyEngine such as global shadows and the impossibility to cast shadows with 
other sources of light (Figures 5.5 – 5.8). 
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Figure 5.5: View of the Cornell-box’ 

outside. The box itself has one white point-
light at the sealing and the gravity set to 

zero. Some spheres were shot in to 
experiment with collisions and shadows. 

The Cornell-box’ bounding-box as well as 
the spheres’ bounding boxes are shown. 

 
Figure 5.6: The same box from a 

different angle of view, gravity and many 
balls as torture test (zero frames per second; 

the spheres consisted of many triangles). 
 

 
Figure 5.7: Testing the complex spatial 

“Excavator” with smooth shading and its 
diffuse-colour set to white, the 

PssmShadowRenderer was enabled in this 
screenshot. 

 
Figure 5.8: The same as in the left 

picture, but with the excavator being 
selected. A selected spatial can be moved, 

rotated, resized (or its brightness being 
changed if it is a light). A blue material 

with enabled wireframe-display is being set 
during the time the spatial is selected. 

Table 3.1: Test of the Cornell-Box, objects and mouse picking 
 
All panels draw to a canvas that is embedded in an AWT-panel. This panel again is 

embedded in a JDialog to disallow manual resize operations. The size (resolution) of a 
panel can be chosen upon creation. The option to align panels automatically is activated 
by default. This option also resizes the panels if necessary. To close a panel it is 
sufficient to click the close knob in the title bar. A shutdown-command then is being 
sent to the server that will relinquish it from its list. 

Selecting a panel will bring up its specific sidebar in the left column of the panel 
server (Figure 5.9). The sidebar always retrieves the current settings for the 
AssetFactory as well as settings for the Cornell-Box. It holds a button to export the 
scene as XML. Changes in the sidebar take an immediate effect in the selected panel. 
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Changes to the Cornell-box are tiered into jMonkey’s rendering queue and being 
applied during the next pass. Usually there is no noticeable delay. 

 

 
Figure 5.9: The sidebar of the selected panel to the right. The gravity is changed 

when the slider stops moving, otherwise too many commands would be sent, flooding 
the socket and forcing it to shut down. 

 
The Assets-button opens a menu where the user can choose amongst all available 

spatials and sources of lights (Figure 5.10). The return-key on the keyboard inserts a 
new instance of the configured object into the scene. 

 

 
Figure 5.10: The dialog for setting up assets. 
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The dialog for setting up assets allows to choose between the geometries (ranging 
from simple objects such as cones and spheres (Table 5.1) over lights to complex 
objects such as tables and the Excavator (Table 5.2)), their shadow mode, flat- and 
smooth-shading (and also the default-material, if it is a complex geometry that was 
selected), a colour or texture, to display the object as wireframe, its size and the 
insertion method. “Throw in” throws in the object from the user’s point of view, “Static 
situation” places it orthogonal in the user’s view, 25 world-units away and selects it. 

The user can insert point lights and spot lights (Table 5.3). “A point light is a light 
that shines from a given point within the 3D scene, [..] the light source itself is invisible 
[..].” [28] Spotlights “shine from a given location and in a given direction.” [29] Both 
lights are movable just like all other objects are. To make them visible and palpable, a 
spherical shape was given to them that is in the light’s colour. Lights are not subject to 
gravity. Additionally spotlights were given an arrow, that points towards their spotted 
direction. They can be rotated on two axes, making it possible to point them into every 
possible direction. 

The setup for the asset is panel-exclusive, meaning that each panel can has its own 
setup. Upon start it is being initialized with default values. The setup gets not serialized 
to the XML file when exporting scenes. 

The application programming interface of the jMonkeyEngine sometimes confused 
us during development. This was due to the inheritance between the classes Spatial, 
Node and Geometry. The built-in asset-manager allows to load meshes and to use them 
as geometric objects. Its method loadModel() shall return a Spatial. For some simple 
geometries it returned an object of type Geometry instead sometimes. This made it 
impossible to treat every returned object the same way. We used a wrapper-class that 
holds a Spatial (which is abstract) and actually is a Node or a Geometry to normalize 
the weird behaviour. 

 

 
Figure 5.11: Box 

 
Figure 5.12: Cone 

 
Figure 5.13: Cylinder 

 
Figure 5.14: Sphere 

 
Figure 5.15: Torus 

 

Table 5.2: The simple geometries in Teach It Yourself: Box, Cone, Cylinder, Sphere 
and Torus. All of them can be used with self-defined material parameters such as colour 

or texture. 
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Figure 5.2: A wooden table 

 
Figure 5.3: A bowl of 

apples 

 
Figure 5.4: An excavator 

 
Figure 5.5: The renown 

teapot 

 
Figure 5.20: A table with 

a bowl, a vase and a lamp 

 

Table 5.3: The complex Spatials: Wooden table, Fruit bowl, Excavator, Teapot and a 
table with a vase and a lamp. These objects come with their own material or colours, but 

self-defined materials can be applied as well. 
 

 
Figure 5.21: A pointlight 

 
Figure 5.22: A spotlight 

Table 5.4: The two sources of light one can add. The point light emits light in every 
direction, the spot light has a certain spot it illuminates, the angle can be changed. 

Arbitrary many lights in all available colours can be added per scene, their brightness 
can be adjusted at run time. 
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The requirement specification demanded an application that is fully utilizable via the 
mouse. “Teach It Yourself” nearly fulfils this requirement, we added some keys to 
allow a more complex interaction. The final application only contains dropdown-menus, 
sliders with reasonable ranges and buttons. One goal was to not to confront the user 
with too detailed and abstract values such as world units or material parameters like 
“shininess”. 

The mouse can be used to control all of the standard inputs; no keyboard is needed 
though it can be used for navigation and to jump to entries in lists. The panels use the 
keys spacebar, return and the directional keys (with w, a, s and d as alternatives). We 
chose to utilize the alternative keys to make gamers feel comfortable with the panels. 
The spacebar is used to switch between the available camera perspectives; return inserts 
a new object into the scene (as configured before). The directional keys right and left 
rotate a selected object around the y-axis clockwise and counter-clockwise. Up and 
down move it along the y-axis. 

To select an object in the scene, the user needs to pick it with the mouse. The picking 
works very accurate. It works with a ray being shot from the clicked spot and aimed 
forwards. The clicked position therefore is being translated to world-coordinates. The 
ray then collides with a defined node in the scene graph. We chose to let it collide with 
the root-node (instead of the user-node where all inserted objects are attached to), 
because lights are only shown when attached to the root-node. Lights are also selectable 
and manipulable. Colliding with a node means that it is being checked if there is a 
collision with the node itself or any of its children. An object of type CollisionResults 
will hold all collisions (if any) the ray made. It also has a convenient method called 
getClosestCollision() to get the nearest hidden CollisionResult. Shooting a box delivers 
two collision results, the first being its forefront, the latter being its back. 

Once an object is selected, the mouse is used to move it on the x- and z-axis, 
resulting in a movement forewards or backwards and sidewards. The mouse wheel 
resizes the selected object in fixed bounds. If the selected object is a source of light, its 
brightness is being changed with the mouse wheel. 
  



 
 

35 

6. Measuring pedagogical strength with a field study 
Now that our topical approach was ready, it was time to validate and verify the outcome 
of the requirements in section 4.3. Therefore we conducted a field study with different 
people, ranging from digital natives to digital immigrants. 

6.1. Case description 
During a couple of days we queried a group of 20 people about our programme “Teach 
It Yourself”. The study took place at the city of Växjö and on the campus of 
Linnéuniversitetet, Växjö, Sweden. A total of 20 interviews were done, with ages 
between 20 and 57 with very different affinities to computers. The participants of the 
city were interviewed in an academy called Eductus where two of them were teachers 
and four were students. About the rest of participants on campus, the majority of 14, 
were students at the university and two were workers. We conducted the interviews 
during the days of 10th and 11th of May 2012. 

The students at Eductus academy are there to learn and get skills in basic computer 
tasks like learning the Microsoft Office package or surfing the net to retrieve 
information and to find a job. The application “Teach It yourself” was tried out during 
the lunch breaks on the desktop computers of this academy. There were some 
limitations concerning the language since two of them did not talk English at all what, 
at the same time, made it possible to test how much visually intuitive our tool was. The 
two teachers who were interviewed also tested the application in the desktop computers 
where an update of Java was necessary in advance in some of them. All of them used 
their stationary computer. 

The students that were interviewed on the campus have been chosen to be assorted. 
Some of them are studying computer science, some political science or psychology. 
Only one of them chose to use a computer of their own. Nevertheless we asked for 
allowance to try the application on some of the platforms. 

We could not detect any problems with Windows (tried platforms: Windows 7 in 32 
and 64 bits, Windows Vista and Windows XP in 32 bits). On one machine with Mac 
OSX we could observe a constant offset of the mouse’ position to its actual clicked 
position on the x-axis (sidewards), making the application hard to use. During further 
tests this failure disappeared on this machine. One computer with Linux Ubuntu had 
serious problems to display the scenes at all what most likely can be ascribed to 
improper drivers. 

The people chosen by us were arbitrary. Only this way allowed us to try to prove that 
everybody, no matter what age or level of prior knowledge, should be able to use our 
application. 

6.2. The questionnaire 
We decided not to only ask questions, but also to measure and limit the time it takes the 
user to feel comfortable with the application. Before we queried the participants, we 
told them our intention with this programme and who should use it and why. This short 
introduction also included a quick overview of the controls and features. 

The test was run by asking the users to work with the application on their own 
computers. In this way the user feels most comfortable and it is a good way for us to 
measure the portability and compatibility of our application. Nevertheless we had our 
own laptops with us and offered them as a testing platform as well. 
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6.2.1. What we asked 
Ten questions in total (excluding the first two questions about the permission to record 
and if the participant would like to use his or her own computer) have been asked per 
attendee. The following survey was subject of the questionnaire: 

1. What is your age? 
2. What is your gender? 
3. Would you consider yourself as a digital native or digital immigrant? 
4. Do you have an interest in Computer Graphics and/or computer games? 
5. Do you have prior knowledge about Computer Graphics? 
6. A measurement of the time (accurate to the minute), it took the participant to 

feel and become comfortable with the application “Teach It Yourself”. 
7. Did you have any difficulties using the application? What were they? 
8. Do you feel, that this programme can teach you something? 
9. Would you recommend this application to someone? 
10. Do you have any suggestions for future work or improvements? 

Although the questions no. two, three, five, eight and nine were of Boolean nature 
(where false indicates a male person for question no. two and true defines the person to 
be a digital native in question no. three), we got some further comments for a subset of 
these questions. 

In question no. four the participant was asked to self-assess his or her interest as a 
percentage value. Question no. five was limited to ten minutes and being interrupted, if 
it took longer, yet the participant was given the possibility to continue using the 
application. Some extensively did so and were trying out the possibilities for more than 
even one hour. They mostly tried to decorate the room, accurately placing the assets. 
We took that as a proof, that the game-like concept of our implementation finally 
encouraged people to play with it. 

 

6.3. Evaluation of the answers we got 
To be able to properly evaluate the answers, we inserted the whole data set into a table 
using MySQL and phpMyAdmin. So we were able to perform more complex queries 
with many criteria and aggregate functions, such as average and sum calculations. In the 
appendix B you will find the statement for creating that table. 

Thirty percent of the participants were female with an average age of 31 years and 
28.5 years for men. Three quarters assessed themselves as digital natives. The average 
interest in Computer Graphics and games was 60.83 %. Exactly 30 percent of the 
women had prior knowledge in Computer Graphics, compared to 72.7 % of the men. 
Three people did not finish during the maximum time span of ten minutes. The other 17 
people needed six minutes and 31 seconds on average to become comfortable with the 
programme, ranging from three to ten minutes. Every fifth participant did not have 
difficulties at all, all of them were men. Only two people considered that they could not 
learn anything from the programme, four people would not recommend it. Also, four 
people did not have any suggestions for future improvements. 

6.3.1. Mining and combining the results 
Due to the small result set of only 20 tuples, we decided not to compare more than three 
dimensions at a time. The approach of using entropy delivers more expressive and 
comprehensible results than plain statistics would. Only connections with an outcome of 
more than 29.9 % were considered as containing a higher entropy. This threshold was 



 
 

37 

chosen to give the reader better understandable results, as 30 % are unpretentious to 
calculate with. In this context the outcome is equal to the difference between the results. 
An example could be the difference between men and women with prior knowledge in 
computer graphics, where the values had a greater difference than 29.9 % (in this 
example it is 72.7 % - 30.0 % = 42.7 %, the entropy here in fact is greater by 12.8 %). 

The entropy in the context of information systems means self-information. It is a 
measure for the mean contained information of a character in a source. It also can 
describe the same situation for words contained in a text. Claude Elwood Shannon [30] 
defined the entropy H. For words w with the length n it is defined as follows: 

 

 
 

where pw represents the probability of occurrence for the word w. pw is defined as 
follows: 
 

 
 
From the above formulae the entropy H can be derived (limit ): 
 

 
 

One interesting and unexpected observance was, that participants who signalized to 
be comfortable in ten minutes or less, can be split by digital natives and immigrants and 
that the natives needed seven minutes and seven seconds compared to the immigrants 
with only five minutes. One approach to justify this outcome could be, that the natives 
were just trying longer and more extensive, but this is only an assumption. We found it 
interesting to mention although the difference in entropy in this finding is only 29.75 %, 
what is still pretty close to 29.9 %. 

75 percent of all participants, who consider themselves as digital immigrants and are 
older than 29 years that have had difficulties, have the feeling that they could learn 
something related to Computer Graphics with our application. 

No one below the age of 30 years with no difficulties testified to not to be able to 
could have learned something. This result turns into a total of only one person, if we 
examine and add those people who have had difficulties. We consider this as a very 
significant outcome. 

Another interesting fact was found by regarding participants under the age of 30, 
their average self-assessed level of interest and the time it took, until they signalized 
their comfort with the application. If the interest was below 50 %, they used it for eight 
minutes and 30 seconds. Above 50 %, they finished in five minutes and 36 seconds on 
average, what mathematically means a difference of 34.12 %. Astoundingly the people 
who claimed to be less interested used it longer then, what is quite contrary to the initial 
expectation. 
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6.3.2. Lessons learned: Comments and difficulties 
Among all the feedback we received from the people who used our program, we 
highlight those who recommended us to include better options to control the application 
such as swapping the space bar with the return key, the keys of ‘+’ and ‘-’ to control the 
zoom or even those who suggested less controls. Moreover, the two of them who had 
problems with the English language showed that it would be nice to have the 
application in, at least, a few more languages. A few others commented other ways to 
improve it in relation to usability (having the options of Assets in the main screen) and 
stability (because of the Java Virtual Machine). And last, but not least curious, was to 
include different stages of complexity in the application (in relation to what you can do) 
and make it more ‘playable’ (with some options where you can dunk into a basket, 
score in a goal or some archery). During the ten minutes of testing we often could 
observe that the people had questions but not clicked the links to open up the help. They 
recommended embedding the helper another more appealing way, but without tangible 
suggestions. We ourselves thought of a widget that may look like a wizard like the 
paperclip in Microsoft’s Office. Some people were confused by how the mouse was 
mapped to the objects’ movement. It is not one-to-one, so that a selected object is not 
attached to the mouse’ cursor but follows it. One participant had problems remembering 
the mappings because of a missing affinity to computer games (we were old so). People 
found it difficult to arrange objects, especially when putting one object on top of 
another. After configuring the assets, the focus did not return to the last scene, what was 
confusing but can be easily fixed. People were irritated when objects slipped through 
the walls. This happens when the force is too large. The walls are not hundred percent 
dense. This happens due to limitations of the JBullet physics engine. 

Most problems arouse because of the controls. Nevertheless we received some 
deliberate thoughts of what to add. One suggestion was to be able to adjust the 
sensitivity of the movement and to add the ability to control the camera’s position. 
Some participants would like to use their own models in the application. One idea 
recommended turning the application more into a game, by adding a mission to it. The 
participant was thinking of somewhat like “put this object on the table, then add a light 
and turn it towards it”. 

Mostly we liked the last thought, as it sounded auspicious to us. It would be easy to 
add. Most people complained about minor errors and one suggestion was to just “fix the 
bugs”. We would like to mention here, that the developed application Teach It Yourself 
should be considered as still being a beta version and far away from final. Being in this 
condition allows for further improvements and to go one step back in development if 
necessary. 

 

6.3.3. An approach to answer the question of the overall applicability 
Examining the results mainly aimed for an answer to the question, if people of a broad 
range of ages, different affinities to computers, prior knowledge in Computer Graphics 
and interest are able to use the application. 

To answer this question, we put the focus on both sides of it. The first side is the 
percentage of people who are considered as being comfortable with the application and 
having the feeling, that they could learn something about Computer Graphics with it. 
We found out that this statement matches with 15 of our interviewees, what is the 
majority with 75 %. Only two of them would not recommend the application to 
someone else. 

The other side is defined by the amount of people that did not become comfortable or 
that did not have the feeling, that they could have learned something. Also, we added 
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the amount of people that would not recommend the programme. This statement is true 
for six out 20 participants (30 %). All of them are older than 28 years, one being a 
woman (Figure 6.1). 

 
Figure 6.1: Chart: Percentage of people that felt comfortable compared to the ones 

that think that they could not learn something. 
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7. Future work 
This chapter is about possible future improvements and additions to the application 
“Teach It Yourself”. 

7.1. Including a mission and tasks to accomplish 
As some participants in the questionnaire suggested to us, they would feel much more 
comfortable and encouraged if there was a mission. If “players understand what their 
goal in the game-world is” [31], they surely would feel a need to accomplish it. 
Furthermore an incrementally rewarding system with fragmented goals could be set up. 
Implementing this proposition would raise plenty of other questions such as the 
difficulty level, that would require through investigations in the forefield. 

7.2. Creating a community website 
A dedicated website could handle two tasks we could think of. The first one could be 
the sharing of scenes user’s created themselves. The XML format allows for an easy 
exchange. The format is readable by PHP for example, making it possible to parse those 
files and to store relevant information in a database. These files could be extended to 
also include a screenshot from the scene in Base64 format. 

The second purpose could be to encourage the community to translate the 
programme into many languages. Field studies showed that users voluntarily translate if 
the way it works is easy and intuitive. Facebook lets its users translate the user interface 
as well as whole third party applications [w30]. We cannot offer any reward except to 
mention the users who did the work, what could be sufficient. The translation itself 
would not take place in the application but in a section of the website. 

7.3. Simplified controls, improved usability and i18n 
As a summary we can ascertain, that the handling of the whole application shall become 
handier. That includes fewer controls that are more intuitive as well as improvements to 
the haptics. 

i18n (internationalization) of the programme would introduce it to even more people, 
no matter what language they are capable of to understand. One could think of a simple 
file-based language management. Java supports the Unicode character set (UTF-16), the 
type char is a 16 bit unsigned integer [w31]. At the moment, according to Heather 
Maxwell Chandler [32], “Teach It Yourself” has no localization-friendly code. Teach It 
Yourself contains approximately less than a hundred strings. With this small amount of 
data it would not require too much efforts to introduce localization. 

7.4. Extending the effects, introducing modes 
Some people would have liked to have less options available, some wanted to have even 
more possibilities on how to manipulate scenes. Therefore we suggest to add a switch to 
toggle between a simplified and an advanced mode. 

The jMonkeyEngine and its platform offer a broad margin of effects that we did not 
use. To name a few: extend lighting methods (e.g., multi-pass or per-pixel lighting), add 
customized shaders, reflections and shadow maps. 

The idea of using own models would be hard to implement, as all these meshes have 
their very own characteristics, such as shapes and materials. It could be one option to 
offer in advanced mode. Complex models built into Teach It Yourself were adjusted to 
work well with it. Importing own models could confuse the user, as they may not look 
and behave as expected. Still we assume that advanced users would use that feature. 
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Appendix A 
Some concepts, terms and abbreviations need to be explained. This list of definitions 
also includes terms related to the development of the application “Teach It Yourself”. 
 
Application programming interface 

An application programming interface (API) is the part of a software, that allows 
other programmes to connect to it or to (re-)use parts of it. It is defined on the source 
code layer and therefore is a high-level interface. Viewed from a broader perspective 
the API is the interface of every software library is described as it. 
 

Graphical user interface 
Graphical user interface can be abbreviated by the term GUI. It is a software 
component, that allows using the underlying system by using graphical symbols. It 
refers to “[..] any communications method the player has of interacting with the 
computer that is primarily graphical in nature.” [13] Mostly a pointing device such as 
a mouse is used for that purpose. 
 

Integrated development environment 
Integrated development environments (IDEs) are collections of programmes that 
allow to accomplish tasks of software development. Usual environments include the 
following components: a rich text editor with syntax highlighting, a compiler, an 
interpreter and a debugger. 
 

Digital natives and Digital immigrants 
A digital native is considered to be someone who has grown up with computers and 
all the available digital toys. They are “[..] all “native speakers” of the digital 
language of computers, video games and the Internet.” [14, w1]. 
    However, digital immigrants can be characterized as people who were not born in 
the digital dispensation. For many different reasons those people also adapted to the 
new technologies. Typically they need more time for that. 

 
i18n 

i18n is a renown numeronym (a number-based word) for the English word 
internationalization. The number 18 refers to the 18 letters that are between the i and 
the n. In terms of software development it refers to its language localisation. 
 

OpenGL  
OpenGL is a fast and portable interface for Computer Graphics and modelling. It is 
not a programming language like Java or C++ but can be included as an API in the 
ordinary code in order to use its predefined functions such as transformations, 
geometric primitives, etc. In addition, all the calculations used in OpenGL are 
optimized to the limit. 

 
GLSL 

GLSL stands for OpenGL Shading Language. It is a programming language to 
execute own programmes on the graphics processing unit (GPU). These programmes 
are called shaders. 
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Application 
An application is a generally useful package with a GUI. It is suggested when a 
researcher or composer wants to share an activity that has become habitual and it is 
possible to create a fixed environment where it can exist. It also can be defined as a 
“ready to use” solution to some problem, not a reusable software component. 

 
Java 

Java is a programming language that provides most of the primitive functions for 
implementing advanced graphics algorithms. It is highly portable and concurrent, 
what give it all the capabilities of a powerful general purpose programming language 
suitable for any kind of graphics applications. According to Mukundan, R. [15], 
some of the main advantages of using Java for Computer Graphics in a teaching 
environment are: 
1. The Java program development environment that can be easily created and it is 
freely available online. Also, the products (applications or applets) can be tested with 
the help of any browser or an applet viewer.  
2. The portability of Java. Students can write their own programs at one place and 
later integrate and test them at some other place in a completely platform-
independent way. 
3. The lexical structure of Java is quite similar to the one of C what makes very easy 
to learn and get an insight of object-oriented programming concepts like 
encapsulation and polymorphism. 
4. Java provides of all the necessary functions to display graphics primitives such as 
lines, arcs and polygons and to set their attributes. These functions could be used and 
easily extended to form more advanced graphics applications. 
5. Java threads offer a very convenient tool for generating animated displays which is 
useful for showing how many graphics algorithms work, such as two and three-
dimensional transforms on objects, projections, etc. 
6. In Java, graphics displays can be created even on off-screen images and later send 
to the screen.  
7. Since Java applets run inside a web browser, student can access notes through the 
Internet. Applets containing graphics algorithm implementations can be inserted 
along with lecture notes in a HTML file.  
On the other hand, programs in Java can be slower compared to other languages and 
may not execute as fast as established graphics software. Although the process of 
executing a Java program involves interpreting the byte codes generated by the 
compiler, this does not have a major concern as long as our interest is only on basic 
algorithms and not on near real-time displays. (Mukundan, R., 1999) [15] 
 

BSD 
BSD is a type of license which belongs to the family of permissive free software 
licenses. The original license was used for the Berkeley Software Distribution 
(BSD). This type of license gives minimal restrictions on the way a software can be 
redistributed. 

 
Cornell-Box 

The Cornell-Box basically is a room with a white ground, backplane and ceiling. 
The walls to the left and right are usually coloured red and green or blue and 
yellow. It aims to realistically “model the physics of light reflection and light 
energy propagation within physical environments” (the Cornell University 
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Program of Computer Science [w23]). It was made to compare the results of a 
rendered scene with that of an actual photograph of the same constellation. 

 
Look and Feel 

The Look and Feel of an application with GUI defines how it looks and how it 
behaves and is being handled. Furthermore it describes design aspects in detail 
such as colour, layout and fonts. 

 
AWT and Swing 

The Abstract Window Toolkit (abbreviation for AWT) is part of the Java 
programming language since version 1.0 and is the “standard API for providing 
graphical user interfaces (GUIs) for Java programs” [w24]. It allows creating 
window-based graphical user interfaces with so-called heavyweight 
components. AWT still has its right to exist, but Swing aims at replacing most of 
its components by a lightweight version. Swing is part of the Java-Runtime 
since version 1.2. It comes by default in the Ocean Look and Feel, but can adapt 
to the Look and Feel of the operating system. 

 
Canvas 

In the context of Computer Graphics the canvas refers to the area where the 
application draws its components in. It is a rectangular area than can be filled 
freely by it. 

 
Scene 

In jMonkey a scene can be seen as a compound of terrain and objects. Think of 
the stage of a theatre with requisites on it. 

 
World unit 

To measure distances and dimensions, the developers of the jMonkeyEngine 
determined a relative system to do so. In our application we decided to assign 
the unit of meter to it, to gain a better understanding of sizes and distances. 
When translating and sizing objects, one has to specify scalar values, that refer 
to world units (abbreviated: WU). 

 
Shading 

Shading is about illuminating models in 3D graphics. So-called shaders are used 
for that. By applying illumination models (lighting models, shading models) “[..] 
the colour of an illuminated position on the surface of an object [..]” [19] is 
being calculated. 

 
Vertex 

“A vertex is a point in 3D space that is the building block for many objects.” 
[19] Therefore it uniquely describes a point by using the three axes of the 
coordinate system. 

 
Edge 

An edge is the direct and shortest straight connection between two vertices. 
Unlike a line, an edge is not endless. 
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Triangle and Polygon 
Triangle is the last primitive type. It consists of three vertices and therefore 
depicts a flat surface. “A polygon is an object with connected points that has a 
minimum of three points.” [19] Because of this, it is also a triangle, but 
technically it can consist of an unlimited amount of triangles. 

 
Mesh 

“Polygonal meshes are simply collections of polygons, or “faces”, that together 
form the “skin” of an object. They have become a standard way of representing 
a broad class of solid shapes in graphics.” [20] 

 
Material 

In game engines a material is being applied to geometries to actually make them 
visible. A material can be a various combination of textures and colours. 
Multiple textures such as height- and normal-maps to refine the geometry’s 
shape and details. 

 
Spatial 

The jMonkey platform comes with the abstract class Spatial, that either can be a 
Node or a Geometry. It is a data structure that stores transformations such as 
translations and rotations. 

 
Node 

The Node extends the Spatial and represents a non-visible handle for other 
objects. It has a list of children. A transformation of it applies to all of them. 

 
Geometry 

A Geometry is a compound of a Mesh and an applied Material to actually make 
it visible. Complex objects consist of multiple geometries that are grouped and 
transformed simultaneously by their parent, a Node. 

 
Asset 

The jMonkey platform treats every media that can be imported as an asset. This 
includes textures, sounds, models and self-defined material definitions for 
example. The built-in asset manager allows to load these media at run time. Our 
application Teach It Yourself uses the term asset for objects that have been 
configured (type, shading, texture etc.) and can be inserted into a running scene. 

Assets and their current configuration are being serialized and stored in an 
XML structure when exporting the scene. This includes their type, all set 
material parameters as well as their size, position and orientation. 

 
Bounding-Box 

Can be seen as a “box that encompasses all the objects in the group” [21], where 
“group” refers to all geometries it encompasses. While processing physics and 
collisions, it is being used to simplify and accelerate the processing. 

 
Collision shape 

A bounding box is a cuboid collision shape. jMonkey allows for mesh-accurate 
collision shapes, that significantly can slow down the processing. More complex 
objects usually consist of many simple shapes such as boxes and spheres. These 
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simple shapes are included in the jMonkey platform as well as generator for 
accurate shapes. 

 
Rigid body 

After a collision shape has been applied to a Geometry, a rigid body is added as 
well to define its mass and to control it. This body has no inner oscillation. This 
control is later being used to apply forces, velocities and rotations. As the name 
implies, geometries with that control are not malleable. Rigid bodies can be 
subject to transformations. Such a transformation “changes the location and 
orientation of an object but not its shape” [22]. 

 
Culling 

“Backface culling, sometimes referred to as polygon culling, is the process of 
eliminating primitives that aren’t drawn in the user-specified direction [..].” [23] 
To cull means to skip the rendering of a face. A face is a plane of polygons. The 
jMonkeyEngine supports to cull the front face, back-face, both of them or to 
switch it off. 

 
Frustum 

The camera the user sees the application through can be conceived as a 
rectangular frustum with two planes, that have a distance greater than zero. 
These two planes are called near plane and far plane. Adjusting their distance 
can distort the view of the scene. 

 
Shadow 

Shadows are important elements in 3D Computer Graphics that improve the 
level of realism and provide visual signs that determine spatial relationships. For 
instance, point light sources generate only fully shadowed regions. 
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Appendix B 
Raytracing probably is the “best-known application of space subdivision technique” 
[33]. Many implementations exist these days, but none of them is applicable for real-
time use. Therefore it is used in applications where the precision and realism of the 
resulting image is more important than the time it takes to render it. The scene itself is 
being rendered by shooting many rays of light into it. When a ray hits the surface of an 
object, it bounces into another direction and its colour and brightness is being adapted. 
The more often the ray bounces, the finer the the result will be and the longer it will 
take to render the scene. The technique where the ray autonomously finds its way 
through the scene is called Pathtracing. The following pictures were taken by a WebGL 
implementation as a shader of Pathtracing [w32]. 

 

 
Figure A.B.1: Screenshot of four reflecting 

spheres in a Cornell-Box, taken right after 
initialization. 

 
Figure A.B.2: The same scene 

photographed after a few seconds. The 
white box is a moveable point light. 

Table A.B: Raytracing 
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Appendix C 
For our questionnaire we created a table in MySQL to collect all data in. This is the 
statement the table was created with. MySQL does not support Boolean values, so we 
used the data type tinyint with 0 for false and 1 (or any other value) for true. 

Some definitions: 

• 0 in the column gender indicates male 
• 0 in the column nat_immi indicates a digital native 
• the integer stored in interest indicates the interest as a value in percent (0 - 100) 
• 0 in the column test_dur indicates that the participant needed more than ten 

minutes to become comfortable, thus the result was not from further interest 

 
 
CREATE'TABLE'`Questionnaire`'( 
'`participant_nr`'int(10)'unsigned'NOT'NULL'AUTO_INCREMENT, 
'`age`'int(10)'unsigned'NOT'NULL, 
'`gender`'tinyint(1)'unsigned'NOT'NULL'DEFAULT''0', 
'`nat_immi`'tinyint(1)'unsigned'NOT'NULL'DEFAULT''0', 
'`interest`'int(10)'unsigned'NOT'NULL'DEFAULT''0', 
'`prior`'tinyint(1)'unsigned'NOT'NULL'DEFAULT''0', 
'`test_dur`'tinyint(2)'unsigned'NOT'NULL'DEFAULT''0', 
'`diffies`'text'COLLATE'utf8_unicode_ci, 
'`can_learn`'tinyint(1)'unsigned'NOT'NULL'DEFAULT''0', 
'`recommend`'tinyint(1)'unsigned'NOT'NULL'DEFAULT''0', 
'`suggestions`'text'COLLATE'utf8_unicode_ci, 
PRIMARY'KEY'(`participant_nr`) 
)'ENGINE=InnoDB'DEFAULT'CHARSET=utf8'COLLATE=utf8_unicode_ci;'
' '
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Appendix D 
This appendix contains the class diagrams. The original version can be downloaded 

at [w33]. 
 

 

 
Figure A.D.1: Classes in the packages “help and “io”. 
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Figure A.D.2: Classes of the package “panel” 
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Figure A.D.3: Classes of the package “basement” 
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Figure A.D.4: Classes of the package “basement”  
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Appendix E 
All digital content belonging to the developed application “Teach It Yourself” can be 
found under [w33]. This includes the pre-compiled, platform-independent jar-file as 
well as the source code, an example scene and the complete class diagrams. 
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Appendix F 
Here we can find the descriptions of the twelve game engine candidates we accessed. 

Allegro 
It is a cross-platform game programming library, primarily for C and C++ developers, 
which is aimed at video game and multimedia programming [w8]. It handles common 
and low-level tasks and abstracts away the underlying platform. It is free (open source) 
and supports 2D graphics primitives natively, but it is possible to use it together with a 
3D API (e.g. OpenGL, Direct3D, GLUT). Sound is also supported as well as physics, 
but in this case it is only supported for 2D graphics. As it is reported in the main 
webpage, portability of the developed applications is possible although it will require 
quite a lot of extra libraries. The possible input mechanisms are the usual ones: mouse 
and keyboard. The performance in devices such as tablet pcs or netbooks should be 
acceptable/good. The API is well documented and there is a very active forum and even 
two books. 
 
Engine\Criteria A B C D E F G H I Result: 

Allegro 8.3% 
* 4 

33.2 

19.4% 
* 5 
97 

5.6% 
* 5 
28 

16.7% 
* 6 

100.2 

2.8% 
* 7 

19.6 

13.9% 
* 8 

111.2 

13.9% 
* 10 
139 

2.8% 
* 8 

22.4 

16.7% 
* 10 
167 

717.6 

Table A.F.1: Allegro 

Baja Engine 
A stable 2D/3D engine that produces professional results in 2D and 3D renderer based 
on OpenGL [w9]. Renders are consistent and high quality across all hardware 
configurations. When necessary, the renderer degrades to work on older hardware. Baja 
features next generation technologies such as real-time reflections, high-quality water 
using shaders, and displacement mapping. It also includes framebuffer effects like blur 
and glow. It runs on both Windows and Mac OS X and the games will run on both 
platforms with absolutely no changes to level files or source code. Since audio is an 
important part of any game, Baja provides a user friendly interface for playing sound 
effects and music. The developing language is C++ and it supports basic physics and 
collision detection. The use of keyboard is supported although there is no mention about 
mouse. Even if the license is free, it is not open source. It has a lot of documentation but 
not an active and updated community. 
 
Engine\Criteria A B C D E F G H I Result: 

Baja 
Engine 

8.3% * 
4 

33.2 

19.4% 
* 9 

174.6 

5.6% 
* 8 

44.8 

16.7% 
* 7 

116.9 

2.8% 
* 6 

16.8 

13.9% 
* 9 

125.1 

13.9% 
* 9 

125.1 

2.8% 
* 8 

22.4 

16.7% 
* 7 

116.9 

775.8 

Table A.F.2: Baja Engine 

Crystal Space 
A mature, full-featured software development kit (SDK) that provides real-time 3D 
graphics for applications [w10]. It is licensed under LGPL and useable on many 
platforms with C++ (although there are bindings for other programming languages 
through SWIG (Simplified Wrapper and Interface Generator): Java, Python, Perl etc.). It 
contains most of the features of a 3D engine must have like lightmapped and stencil 
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based lighting, shader support, mirror, particle systems, ... The project includes two 
main components: Crystal Space, a rendering engine supporting OpenGL in charge of 
features such as lighting systems, physics, 3D sounds, animation blending, physical 
peripherals, and more; and CEL, an entity system that supports higher-level 
functionality like artificial. The basic supported physics are: physics of rigid bodies and 
joints, kinematic bodies for interaction between classical animation and the physical 
simulation, transparent integration with the terrain system, soft bodies to simulate ropes, 
clothes and other volumetric deformable objects and simplified collision detection; and 
advanced physics such as: projectiles and damages to entities, collision management 
with the ground, mesh deformation, vehicles and their physics and more advanced 
physical effects. Crystal Space is a highly independent platform with a good platform 
abstraction. It supports Linux, OSX and Windows operating systems. It was also written 
in C++ using very few non-standard extensions. It is self-contained so that many 
modules require no or few external dependencies. The User interface can be managed 
by event system and peripherals like mouse, joystick and keyboard. The performance is 
pretty good through two ways of optimizing it: Visibility Culling and Level of Detail. 
The type of license under it is registered is LGPL (Lesser General Public License) 
GNU. There are two GUI projects which support this language: blender2crystal and 
CrystalArchitect. It has pretty good documentation and a community although this last 
one is not quite updated. 
 
Engine\Criteria A B C D E F G H I Result: 

Crystal 
Space 

8.3% 
* 6 

49.8 

19.4% 
* 8 

155.2 

5.6% 
* 10 
56 

16.7% 
* 8 

133.6 

2.8% 
* 9 

25.2 

13.9% 
* 9 

125.1 

13.9% 
* 10 
139 

2.8% 
* 8 

22.4 

16.7% 
* 7 

116.9 

775.8 

Table A.F.3: Crystal Space 

Axiom 3D 
The Axiom 3D Rendering Engine is a fully object oriented 3D graphics engine using C# 
and the .Net platform [w11]. It is intended to be easy to use, flexible, extendable and 
powerful.It allows a rapid development of games and other graphical applications. Since 
it uses .Net as the target platform, developers can focus more on core functionality and 
logic instead of dealing with complexities of languages like C++. The core of Axiom is 
a port of the very popular OGRE graphics engine, which was chosen because of its 
clean object-oriented design, powerful features, and flexibility. 
    The possible effects are spherical environments mapping, particle systems, skyboxes 
via cubic textures and sky planes, and it contents post-process compositor effects for 
HDR Bloom, Motion Blur, etc. Unfortunately it seems that it lacks some like Phong-
shading. An add-on for physics exists, but it is not maintained anymore. A possible 
physics engine could be Jitter, it is also written in C#. Written applications in Axiom 3D 
are not fully portable because of the use of Net 2.0. The input mechanisms are not fully 
evolved, methods for mouse picking for example are not built-in. The performance of 
C# applications is at least slightly higher than those written in Java. Axiom 3D is open 
source. The integration into a GUI is considered to be kind of different, none of us has 
done this before. The documentation is incomplete and not as detailed as these of other 
engines; the forum has some very old and dead threads. 

In relation with the performance, it allows fast rendering of primitives thanks to its 
virtual hardware vertex/index buffer interface. It also offers a smart rendering pipeline, 
with sorting designed to reduce render state changes as much as possible. The type of 
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license is zlib, which is a permissive free software license and was approved by the Free 
Software Foundation (FSF) as a free software license and by the Open Source Initiative 
(OSI) as an open source license [w12].In the webpage we can find tutorials, examples, 
API documentation, FAQ together with an active forum in the web. 
 
Engine\Criteria A B C D E F G H I Result: 

Axiom 3D 8.3% 
* 8 

66.4 

19.4% 
* 8 

155.2 

5.6% 
* 2 

11.2 

16.7% 
* 6 

100.2 

2.8% 
* 9 

25.2 

13.9% 
* 7 

97.3 

13.9% 
* 10 
139 

2.8% 
* 0 
0 

16.7% 
* 10 
167 

761.5 

Table A.F.4: Axiom 3D 

Espresso3D 
Espresso3D is an open source high performance real-time 3D engine for Java, which 
aims to be a complete solution for applications with OpenGL rendering, OpenAL (Open 
Audio Library) audio, collision detection, input, and rendering support [w13]. It 
supports lighting, particle systems, sprites and collision detection. Furthermore, it is 
available in all major versions of Windows, MacOS X and all major distributions of 
Linux with OpenGL and OpenAL compatible drivers. The input mechanisms are 
keyboard and mouse, where the automatic input handlings are via callbacks or directly 
querying for keydown information. In the case of the mouse, it has support for 3 mouse 
buttons, scroll wheel, and movement. Its performance is provided by OpenGL what 
gives a high performance in real-time.Expresso3D is released under the terms of the 
GNU Lesser General Public License and it offers tutorials, examples and a discussion 
group.  

 
Engine\Criteria A B C D E F G H I Result: 

Expresso 
3D 

8.3% 
* 4 

33.2 

19.4% 
* 9 

174.6 

5.6% 
* 8 

44.8 

16.7% 
* 7 

116.9 

2.8% 
* 6 

16.8 

13.9% 
* 9 

125.1 

13.9% 
* 9 

125.1 

2.8% 
* 8 

22.4 

16.7% 
* 7 

116.9 

775.8 

Table A.F.5: Expresso 3D 

Irrlicht 
The Irrlicht Engine is an open source high performance real-time 3D engine written in 
C++ [w14]. This is also the programming language chosen to develop under this 
platform (although there are unofficial bindings for many other languages including 
.NET, Java, Perl, Python, etc.). It is completely cross-platform (including SymbianOS 
and iPhone), and provide of high performance real-time 3D rendering using Direct3D, 
OpenGL and its own software renders. Among the supported effects we can find 
lighting mode configurable, Gouraud/Flat shading, Environment reflection and 
predefined materials. Fast and easy collision detection and response are also available. 
Irrlicht's internal event system provides mouse, keyboard, joystick and GUI events 
without having to rely on additional libraries. Moreover, it comes with all of the state-
of-the-art features, which can be found in commercial 3D engines. It is possible to find 
enhancements for Irrlicht all over the web, like alternative terrain renderers, portal 
renderers, exporters, world layers, tutorials, editors, language bindings for Java, Perl, 
Ruby, Basic, Python, Lua, and so on. It is licensed under the zlib license    and offer 
powerful, customizable, and easy to use 2D GUI System with Buttons, Lists, Edit 
boxes, etc. The online documentation is clean and easy to understand, providing lot of 
examples and tutorials as well as FAQ and a wiki.    
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Engine\Criteria A B C D E F G H I Result: 

Irrlicht 8.3% 
* 9 

74.7 

19.4% 
* 10 
194 

5.6% 
* 9 

50.4 

16.7% 
* 9 

150.3 

2.8% 
* 10 
28 

13.9% 
* 8 

11.2 

13.9% 
* 10 
139 

2.8% 
* 9 

25.2 

16.7% 
* 10 
167 

839.8 

Table A.F.6: Irrlicht 

Jake2 
Jake2 is a Java 3D game engine. It is a port of the GPL’d Quake2 game engine from id 
Software [w15]. To use the Jake2 engine it is necessary either the data files from the 
original game or from the demo version. Jake2 uses JOGL for OpenGL graphics and 
joal for 3D sound. There are no physics included but it is possible to include JBullet for 
instance. Currently supported operating systems are Linux and Windows2000/XP but it 
should work on Mac OS X as well. Mouse and keyboard are fully supported as input 
mechanisms and it was also used to experiment playing 3D games with eye tracking. 
The type of License of Jake2 is GPL. 
 
Engine\Criteria A B C D E F G H I Result: 

Jake2 8.3% 
* 10 
83 

19.4% 
* 7 

135.8 

5.6% 
* 5 

28.0 

16.7% 
* 6 

100.2 

2.8% 
* 9 

25.2 

13.9% 
* 0 
0 

13.9% 
* 10 
139 

2.8% 
* 0 
0 

16.7% 
* 0 
0 

511.2 

Table A.F.7: Jake2 
 

jMonkeyEngine 
jMonkeyEngine is a game engine for developers who want to create 3D games 
following modern technology standards [w16]. The framework is programmed totally in 
Java that provides with wide accessibility and quick deployment to desktop, web, and 
mobile platforms. It is not a visual “RPG Maker” or drag-and-drop “FPS mod”. 
Actually, it is designed for programmers who feel comfortable writing Java code. 
jMonkeyEngine is a ‘state-of-the-art’ starting point for any aspiring 3D games 
developer. Among of all the effects that jMonkey supports we can find:Lighting support 
(Per-pixel, multi-pass, Phong, tangent shading and reflection), particles (smoke, water, 
fire, cloth, explosions), post processing / 2D filter effects (reflective water, shadow 
mapping, fog, bloom etc.), and texturing (multi-texturing through shaders, splat 
textures). Related to the physics part: JBullet binding (physical characters, physical 
joints and hinges, ray-cast vehicle), ragdoll physics, multi-threaded physics and mesh-
accurate collision. Java makes this engine easily portable to Windows, Linux, and Mac 
OSX. Three are the available input mechanisms: mouse, keyboardand joystick. Making 
use of the last version, JME3, it improves the performance in low-end devices by 
rendering the scene in less detailed level. It also reuses materials for similar models (it 
does not create a new material object for every Geometry) what increases substantially 
the performance too. The type of license is free, open-source software (under a BSD 
licence), what permits to use it freely for commercial, educational or hobby game 
development. The GUI of this engine provides of an orthogonal (billboard) node and a 
nifty GUI integration with text fields, list boxes, drop-downs, sliders & scrollbars and 
scrollpanel. Finally, it offers tutorials, examples, demos, FAQ and there is an active 
forum in the web. jMonkey has been recently updated and is still developing. 
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Engine\Criteria A B C D E F G H I Result: 

jMonkey 
Engine 

8.3% 
* 10 
83 

19.4% 
* 10 
194 

5.6% 
* 9 

50.4 

16.7% 
* 9 

150.3 

2.8% 
* 9 

25.2 

13.9% 
* 9 

125.1 

13.9% 
* 10 
139 

2.8% 
* 10 
28 

16.7% 
* 10 
167 

962 

Table A.F.8: jMonkeyEngine 

Leadwerks 3D engine 
Leadwerks Engine allows developing cutting-edge games in C, C++, and Lua script. It 
provides an easy-to-use command set with simple functions and a design that ‘makes 
sense’ [w17]. It supports several types of lighting (deferred lighting, screen-space 
directional occlusion, volumetric light scattering, pureLight), post-processing effects 
(volumetric light scattering, screen-space directional occlusion, high dynamic range 
rendering etc.), and shaders (normal mapping with specular reflection, parallax 
mapping, parallax occlusion mapping, reflection and refraction etc.). The physics in 
Leadwerks Engine are fast and stable. There are several shapes that are supported (box, 
cylinder, cone, sphere etc.), joints (hinge, ball, slider, corkscrew, universal and fixed), 
vehicles and character controllers. It is cross-platform: Windows, Linux and Mac OSX. 
It also supports the common input mechanisms: keyboard and mouse. Related to its 
performance we can say it scales very well in low-end devices. Unfortunately the type 
of license is restricted, only commercial. Full documentation can be found online such 
as a user guide, command reference, tutorials and forum. 
 
Engine\Criteria A B C D E F G H I Result 

Leadwerks 
3D engine 

8.3% 
* 4 

33.2 

19.4% 
* 10 
194 

5.6% 
* 8 

44.8 

16.7% 
* 8 

133.6 

2.8% 
* 8 

22.4 

13.9% 
* 8 

111.2 

13.9% 
* 0 
0 

2.8% 
* 7 

19.6 

16.7% 
* 8 

133.6 

692.4 

Table A.F.9: Leadwerks 3D engine 
 

Lightweight Java Game Library 
The Lightweight Java Game Library (LWJGL) is an open source Java software library 
for computer game developers [w18]. There are no physics included but it is possible to 
include JBullet for instance. It is supported under the main platforms: Windows, Linux 
and Mac OSX. LWJGL handles its own input with its Keyboard and Mouse classes and 
some extra controllers such as gamepads, steering wheels and joysticks. It exposes high 
performance cross-platform libraries commonly used in developing software games and 
multimedia titles. It allows using OpenGL, OpenAL, OpenCL (Open Computing 
Language). The type of license used by this game engine is BSD. It offers four different 
GUIs: TWL (Themable Widget Library), nifty GUI, Gooei and FengGUI. In the web 
we can find a wiki, a forum, a FAQ section, and other projects with demos. 
 
Engine\Criteria A B C D E F G H I Result: 

LWJGL 8.3% 
* 10 
83 

19.4% 
* 0 
0 

5.6% 
* 5 
28 

16.7% 
* 8 

133.6 

2.8% 
* 10 
28 

13.9% 
* 0 
0 

13.9% 
* 8 

111.2 

2.8% 
* 8 

22.4 

16.7% 
* 9 

150.3 

556.5 

Table A.F.10: LWJGL 
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OpenSimulator 
OpenSimulator is an open source multi-platform, multi-user 3D application server. It 
can be used to create a virtual environment that can be accessed through a variety of 
clients, on multiple protocols [w19]. It is written in C#, running both on Windows over 
the .NET Framework and on Unix-like machines over the Mono framework. It supports 
real-time shadows, improved lighting simulation, and OGRE mesh as well as real-time 
physics simulation with multiple engine options including ODE. Keyboard and mouse 
are completely supported and this engine cannot run when the machine has a single 
CPU core. The type of license is BSD and in the web we can find a wiki, a FAQ 
section, different user documentation and a technical reference guide. 
 
Engine\Criteria A B C D E F G H I Result: 

OpenSimulator 8.3% 
* 8 

66.4 

19.4% 
* 6 

116.4 

5.6% 
* 8 

44.8 

16.7% 
* 7 

116.9 

2.8% 
* 8 

22.4 

13.9% 
* 6 

83.4 

13.9% 
* 8 

11.2 

2.8% 
* 0 
0 

16.7% 
* 7 

116.9 

578.4 

Table A.F.11: OpenSimulator 
 

Visual3D Game Engine 
Visual3D Game Engine provides a 3D simulation and game design toolset that 
integrates a wide range of useful visual design tools that automate core development 
tasks into a single software tool [w20]. The programming languages of this engine are 
C# and .NET. It supports a quite varied number of effects such as HDR, Per-pixel, 
Parallax, Dynamic Soft Shadows, God Rays; and it contains a particle editor for 
explosions and volumetrics. Moreover, it provides advanced physics (rad dolls, 
vehicles), and a terrain editor (procedural generation, massive full-globe terrain, land 
cover painting, geodata). It is possible to run it both on Windows over the .NET 
framework and on Unix-like machines over the Mono framework. Keyboard and mouse 
are fully supported and related to the performance it is quite slow. The type of license is 
commercial but it can be free for open source and educational uses. In the web we can 
find an extensive documentation, forums, and examples. 
 
Engine\Criteria A B C D E F G H I Result: 

Visual 3D 
Game Engine 

8.3% 
* 8 

66.4 

19.4% 
* 9 

174.6 

5.6% 
* 9 

50.4 

16.7
% * 7 
116.9 

2.8% 
* 8 

22.4 

13.9% 
* 4 

55.6 

13.9% 
* 8 

11.2 

2.8% 
* 6 

16.8 

16.7% 
* 7 

116.9 

631.2 

Table A.F.12: Visual 3D Game Engine 
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