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Abstract:   GeoplanoMob is an educational mobile game whose purpose is to 
enhance the knowledge of Euclidian geometry for primary education students. It 
was based on the game Geoplano, developed by Caleb Gattegno in 1961. The 
player's goal is to solve the tasks given by a character named Geoboy. The tasks 
consist on drawing polygons whose areas or perimeters must fit in the values 
provided by two dice. The game was developed in order to entertain and motivate 
students and to fix concepts outside the school environment. 
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1. Introduction  

Educational games are learning activities that involve competition and are 
governed by rules (Amory, 2001). They are important since they can expand the 
frontiers of pedagogical activities and add fun in the student learning process. In 
this context, the main goal of the teaching process is the significant learning, 
which means that the learning material should make sense for the student. This 
happens when a new information is based on relevant concepts of student 
cognitive structure (Bievenue et al., 1995). 

It is necessary to have two conditions satisfied to achieve significant learning: 
the student must be interested in learning the material and the material must be 
potentially interesting, considering the logical and psychological aspects. The 
logical meaning only depends on the material nature, but the psychological aspect 
is related to the personal experience of the individual. This way, each apprentice 
filters the content presented and discards what has no meaning or interest for him. 
In this context, the educational games emerge to make school contents more 
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attractive and facilitate the learning process. They can affect cognitive functions, 
the motivation and the curiosity of students (Kafay, 2001).  

Educational computer games are meticulously prepared to entertain students at 
the same time they explore specific contents, concepts and skills embedded in the 
game [Clua, 2004]. Commonly, the games adopt an instructional approach in 
which the player performs an activity integrated to a subject (Kafai, 2001). They 
are also adapted and developed to explore the resources of the chosen platform for 
their implementation. 

 Since the end of the twenty-century, mobile devices presented a fast progress 
related to processing power, storage and connectivity. Then, more modern 
software began to be embedded in such devices what allowed to the software 
industry to develop more powerful applications (Capin et al., 2008). Nowadays, 
the mobile games have become more complex and already support multi-player, 
three-dimensional graphics and high quality sounds. 

The GeoplanoMob is inserted in the context of educational games and explore 
the mobility of the mobile phones. It provides to the student the learning of 
Euclidian Geometry in a fun way. The idea is that the student can reinforce the 
concepts learned in classroom, at the time and place he wants to, while he is 
playing some of the GeoplanoMob modules in his mobile phone. The target 
audience of the game are students of the fourth year (around twelve years old). 
However, the game can be played by people of all ages. 

2. The Geoplano Game  

Geoplano was created in 1961 by Dr. Caleb Gattegno as a didactic resource for the 
practice of Euclidian geometry concepts, teaching of fractions and other related 
purposes. The game is composed by a board made with wood, usually presented in 
a square form. In this board are inserted pins or nails that can be connected with 
elastics to allow the formation of plane figures. Figure 1 presents two examples of 
boards designed for Geoplano. Each board is dedicated to study specific concepts 
related to planar geometry. The smaller board can be used to learn how to work 
with units to draw shapes. The larger board can be used to learn plan shapes and 
their localization in quadrants. Examples of activities that can be performed in 
Geoplano are: 

 
· Practice of laterality (horizontal, vertical, left, right); 
· Identification, classification and reproduction of geometrical shapes; 
· Identification and differentiation of unit measures of perimeter and area; 
· Comprehension of the concepts related to similarity and consistency; 
· Learning of geometry terminology; 
· Identification and comparison of planar shapes; 
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· Use of the Theorem of Pick to calculate area in a different way to help 
the development of the concept of angle; 

· Reproduction of shapes. 
 
The diversity of activities that can be performed in Geoplano allows the 

creation of several games that can be adapted to the content of each level of the 
school learning. The increase of thinking speed, spacial vision and enhancing 
basic mathematical concepts are some of the benefits of playing Geoplano. One of 
the mathematical contents that can be explored by Geoplano consists on Euclidean 
Geometry problems and is applied to students of the fourth grade of elementary 
school (twelve year-old children). It treats concepts related to area and perimeter 
of polygons.  

 

 
Figure 1. Boards of Geoplano. 

3. The GeoplanoMob 

There are several works related to educational or mobile games. Techniques that 
can be applied to enhance game portability for mobile were presented by 
Meantime (2006). In his work it is described how to avoid the ocurrence of errors 
in games developed for mobile phones when the device is changed. In fact, the 
development of games for such devices is not a novelty. However, an educational 
approach can demand a completely diferent conception of the game. With the 
recent increase of graphics capability of mobile phones, the development of 
educational games related to 3D concepts can also focus such devices (Capin et 
al., 2008). The concept of mathematical operations is used in board educational 
games in colored scenarios with characters and colored texts (Bongiolo et al., 
1998). The common focus of all those works is to present a tool for learning that 
can entertain the student and make the discovery of knowledge a funny activity. 
The experiences described in those works were used for the development of the 
present work. It was observed the possibility of creation of many electronic games 
based on Geoplano original concept. 
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2.1 Game Conception for Mobile Phones 

GeoplanoMob is an educational game based on Geoplano dedicated for mobile 
platforms. Its main goal is to explore the mobility of the mobile phones but adapt 
Geoplano content for the restrictions of such platform. It explores the same 
educational content and tasks of the Geoplano developed by Moraes et al. (2008). 
It extends tasks related to squares and perimeters and allows the study of 
rectangles and area.  

GeoplanoMob consists on various tasks, given by a character named Geoboy, 
that must be completed in a certain amount of time. As the Euclidian Geometry is 
quite wide and there is a great amount of geometric polygons, it was decided to 
separate polygon types in modules and a module of quadrilateral was chosen for 
the first version of the game. The quadrilaterals module contains the squares and 
rectangles. Then, the tasks include the draw figures in a mesh, according to 
instruction provided by the character. Activities related to area and perimeter are 
examples of features that can be explored.  

Once the game will be available to download for mobile phones, students will 
use it to learn when and where they want to. The game was designed to provide 
some challenges to the player in three levels of difficulty. The main difference in 
each level is related to the time available to solve the task. Also, each level is 
organized with tasks that are gradually increased by difficulty. It is related to the 
shapes, their orientation and the treatment of the values given by the character. 

To keep the game challenging and fun, the items added to the game were the 
time, a score and the character. The time is calculated based on the difficulty level 
of the task and tends to become ever smaller. Thus, each task has a maximum time 
to be completed. The score is a feature that encourages the player to continue in 
order to achieve better results. After completing each task, the player receives 
points based on the difficulty of task and the remaining time. When achieve a 
good score, the player will be asked to save his result in a top score list. 

Besides the definition of the module, series of challenges and tasks can be 
attributed to the player. Some examples of challenges are: “creating shapes”, 
“viewing and responding” and “identifying shapes”. In the first one, the player is 
challenged to draw the pictures with the geometrical properties provided in the 
statement. In “view and respond”, the task is to view the figure provided and 
respond a question. Finally, in “identifying shapes”, series of figures are presented 
and the player must identify the correct one according to the information received. 

Examples of some tasks that could be provided to the player in each kind of 
challenge are presented follow. These examples are based on the quadrilaterals 
module. 

 
First challenge: “creating shape” 

1. Draw a square whose perimeter is the product of the values given by the 
dices; 

2. Draw a rectangle whose area is the sum of the values given by the dices; 
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3. Draw a rectangle whose base is twice the height; 
4. Draw a square whose area is the difference of the values given by the 

dices; 
5. Draw a rhombus whose perimeter is the sum of the values given by the 

dices. 
 
Second Challenge: “Viewing and responding” 

1. What is the perimeter of the rhombus? 
2. The area and the perimeter of the rectangle below are, respectively, ...; 
3. True or false: the perimeter of the square below is eight units; 
4. True or false: the base of the rectangle below is four units. 

 
Third Challenge: “Identifying shape” 

1. Which of the quadrilaterals above has a perimeter less than twelve units? 
2. Identify the rectangle whose area is six units; 
3. Which one of the figures below is a parallelogram? 
4. Which one of the figures below is a rotated square? 

 
The present version of GeoplanoMob has four tasks that work the concepts of 

area and perimeter of quadrilaterals. Each task has as request: time to complete the 
task, a value given by dice and a method for verifying its accuracy. The requests 
and possible dice of each task are listed below: 

 
First task request: “Draw a square whose perimeter is the product of the dice.” 

Possible dice: (1, 4), (2, 2), (2, 4), (2, 6), (3, 4), (4, 4), (4, 5), (4, 6). 

Second task request: “Draw a square whose area is the product of the dice.” 
Possible dice: (1, 1), (1, 4), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6). 

Third task request: “Draw a rectangle whose perimeter is the product of the dice. 
Possible dice: (1, 6), (2, 3), (2, 4), (2, 5), (2, 6), (3, 4), (4, 4), (3, 6), (4, 5). 

Fourth task request: “Draw a rectangle whose area is the product of the dice.” 
Possible dice: (1, 2), (1, 3), (1, 4), (1, 5), (1, 6), (2, 3), (2, 4), (2, 5), (2, 6),  
(3, 4), (3, 5), (3, 6), (4, 5), (4, 6), (5, 6). 
 
Note that only few combinations are possible for each task. The system limited 

the values of dice because, adopting only integer values, it's impossible to make 
quadrilaterals with some values of areas and perimeters (there is no way for 
making a quadrilateral with the perimeter 10, as example). 

3. Development 

A few years ago, the development of games and applications for mobile phones 
did not follow any standard and was responsibility of each manufacturer (Lam, 
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2004). With the growth of demand for applications for those devices, mainly 
driven by the rapid evolution of the devices capabilities, it was necessary the 
creation of platforms that could enable third parties to develop applications 
without the necessity of the specific device API (application programming 
interface) apparatus. Thus, some platforms emerged for mobile devices, which 
hide hardware details and provide portability for games and applications. 

J2ME (Java 2 Micro Edition), also known as JavaME, is a kind of shorter 
version of J2SE, the standard version of Java, running on a reduced Java Virtual 
Machine (JVM), named KVM, which demand less resources than the JVM. J2ME 
is the most used platform on mobile phones. To understand its operation, was 
necessary a study on its hierarchy of configurations and profiles, which allows the 
differentiation and specialization of the target devices. GeoplanoMob was 
developed with Netbeans environment, together with its add-on Netbeans Mobility 
Pack and the Wireless Toolkit 2.5.1, tools of Sun Microsystems. Interesting to 
note that these tools are easy to install both on Linux and Windows operating 
systems, regardless of the distribution and version, respectively (Figure 2). There 
was a migration to Netbeans 6.0 and an update to the Wireless Toolkit 2.5.2 in the 
final phase of the project, which was held without any problem. This change 
allowed a decrease in the size of the game code (JAR file) generated by the 
Wireless Toolkit. 

 

 
Figure 2: Netbeans 6 screen. 

The game has only few classes due to the fact that mobile programming doesn't 
allow the excessive use of OOP (Object Oriented Programming) due to limitations 
of memory and processing. Then, in many cases it's better to adopt the faster 
processing solution, which is not necessarily the most elegant, robust and 
expandable. Thus, as much as possible, the creation of not fundamental entities 
were avoid as much as the use of more costly OOP resources, such as the 
polymorphism, inheritance and even, in some cases, the packaging. 
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During the definition of use cases, it was considered the existence of two 
actors: the Player and the System, and six use cases: read the game objective, read 
help, do task, show next task, verify task and end of game. The sequence of use 
cases and its diagram makes possible to obtain an overview of the project, 
facilitating its subsequent deployment. The Figure 3 shows the development of use 
cases. Note that there is just a simple cycle: the system gives the next task, the 
player solves it, the system validation and, if it's correct, another task is showed. 

 

Figure 3: Use Cases Diagram. 

 
The two major limitations in the development of the game for mobile were: 

memory and processing. While the first one is limited to only few hundred 
kilobytes, the second one is restricted to a few tens of MHz. Often, in the course 
of planning, developers ask themselves: “what is more critical in mobile 
developing, the processing or the memory constraints?” The quick answer is “it 
depends”. Not only in the equipment, but also the kind of work that the developer 
is doing. In a text mode application, with a large database, the memory constraints 
tend to be more critical. In this case, the developer may request further processing, 
worrying only not to spend much memory, because in this kind of application each 
byte in the memory is precious. Thus, the developer should think twice before 
creating variables to help processing tasks. It's often preferable to make the same 
processing task several times rather than storing its result in the heap. 

Similarly, in an action game, the processing is vital to make the game responses 
satisfactory. It's appropriate to put more stuff in the heap so you can only access 
the previous stored information in the game loop rather than processing it every 
time the method is called in the game loop. This avoids the occurrence of delays 
that might affect the game usability. 

Besides these difficulties that are common to all applications for mobile 
devices, some specific features of the GeoplanoMob project were: the interaction 
with the mesh, the tasks verification and the data persistence. Thus, an important 
aspect of GeoplanoMob is the way the player interacts with the mesh. A good 
interaction is essential to make the game not boring, enjoyable for the student.  
The first issue to be addressed in this aspect is the way to move in the mesh, held 
by the directional keys. The handling difficulty is of sensitive nature. While the 
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player presses the button, the cursor can move through several points, which is not 
advisable in this kind of game, because it requires high precision movements. 
Thus, the solution adopted was to move the cursor just one point at each time, 
independent of the time that the key remains pressed. In a very large mesh, this 
could be a tiring activity. However, as we are working in a small mesh, composed 
by 49 pins (seven by seven), this solution is acceptable. 

 Another issue that needed to be addressed is how to select the pin. In a first 
moment, the selection mode was very simple: the player marks the starting point, 
then the ending point, and the line between both of them was drawn. This mode, 
although, has two major problems: the need to mark two points to make each 
move and the lack of clearly in play, because the player has only a reference point 
to make his move. To solve these problems, a new technique for selecting pins 
was adopted. When a pin is selected, the player gets the origin of a line (like a 
pivot) and then a temporary line follows the cursor as it moves on the screen. 
Thus, the player can see which line would be drawn while moving without 
necessarily have to make the move. The line will only be really drawn (i.e. the 
move is done) when a new pin is selected. The temporary line is colored in gray 
scale. Thus, the student can effectively differentiate the lines that are drawn 
(finished moves) and the line that is only a help to make the current move. This 
new pin selection mechanism can be seen in the Figure 4. The same figure 
presents the task been explained by the character.  

 

    

Figure 4: Pin selection and task request. 

 
The tasks verification uses the coordinates of each selected pin, necessary to 

calculate distances that, together with some specific rules, find out if the move 
performed by the student is correct or not. It's important to underline that these 
rules should require the least possible processing, due to equipment limitations. 
When the student makes a wrong move, his score is compared with the three 
largest ones on the database. If it's a higher score than the last, it's requested the 
player name to be inserted in the records table. Else, is only shown a screen with 
the three highest scores and the respective player names. 
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4. Results 

The results can be seen by the screenshots displayed in this item. For a better 
understanding, the images of Figure 5 follow a logical sequence, giving a more 
concrete vision of the game: 1) The open screen is showed; 2) The player receives 
a task from the character; 3) The player is taken to the Mesh screen, which will 
have a given time to fulfill the task. After finishing the move, the system checks 
whether it is correct. If it is, the player is driven to the 4) Positive Screen, else, for 
the 5) Negative Screen; If the move was correct, the player goes back to the Tasks 
screen, advancing to the next task and restarting the cycle. After four tasks, the 
difficulty level is increased, reducing the time to move gradually, so, in a given 
moment, the player can no longer move; 6) If the move was wrong, the player 
score is verified. If it's among the top three in database, the game system asks for 
the player name. Then, shows the scores table with the three highest scores in the 
database. As it's not possible to get an idea about the character's animations from 
the screenshots, Figure 6 presents some pictures that show all character frames, for 
positive and negative screens. 

 

      
Figure 5: Screens of GeoplanoMob. 

 

   

Figure 26: Positive and negative animation of the game character. 

5. Conclusion 

The first version of GeoplanoMob (quadrilaterals module) presented good results. 
The final quality achieved is an example of the power of mobile devices as well as 
the importance of the analysis and design stages. The development of this project 
was of great value to the knowledge of a very interesting area: the game 
programming for mobile phones. During this process, many difficulties were 
found regarding limitations of memory, portability problems and bugs on specific 
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devices. Nevertheless, with the evolution of studies and research, all these 
problems could be solved. 

Preliminary tests were conducted with teachers and educators, who responded a 
satisfaction questionnaire after playing GeoplanoMob. One unanimous response 
was that the mobile version is attractive and explores the interest of mobile phones 
by children. Another observation is that all teachers emphasized the importance of 
this type of game for the educational process. Although the tests are not finished, 
the first questionnaires provided a first feedback of the game. It's expected that 
GeoplanoMob could be recognized as a useful tool for the Geometry teaching. For 
this, the tests must be finished and suggestions used to improve the game. When 
the game development process was concluded (tests and improvements) we intend 
to make it available for free download. 
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