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Abstract: GeoplanoMob is an educational mobile game whas@gse is to
enhance the knowledge of Euclidian geometry fompry education students. It
was based on the game Geoplano, developed by Ga#egno in 1961. The
player's goal is to solve the tasks given by aattar named Geoboy. The tasks
consist on drawing polygons whose areas or perimetaust fit in the values
provided by two dice. The game was developed irmotd entertain and motivate
students and to fix concepts outside the schodt@mwent.
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1. Introduction

Educational games are learning activities that lwevocompetition and are
governed by rules (Amory, 2001). They are importginte they can expand the
frontiers of pedagogical activities and add furthie student learning process. In
this context, the main goal of the teaching prodssthe significant learning,
which means that the learning material should nekese for the student. This
happens when a new information is based on releecantepts of student
cognitive structure (Bievenue et al., 1995).

It is necessary to have two conditions satisfieddbieve significant learning:
the student must be interested in learning the niahtend the material must be
potentially interesting, considering the logicaldapsychological aspects. The
logical meaning only depends on the material natomé the psychological aspect
is related to the personal experience of the idd@i. This way, each apprentice
filters the content presented and discards whanhbaseaning or interest for him.
In this context, the educational games emerge t&ensrhool contents more



2 Erisvaldo Saraiva Jr., Liliane Machado, Ronei Moraes, and Rogéria Reg

attractive and facilitate the learning process.yTtan affect cognitive functions,
the motivation and the curiosity of students (Kaf2§01).

Educational computer games are meticulously preparentertain students at
the same time they explore specific contents, quiscaend skills embedded in the
game [Clua, 2004]. Commonly, the games adopt afruicttonal approach in
which the player performs an activity integratedatsubject (Kafai, 2001). They
are also adapted and developed to explore theneesoaf the chosen platform for
their implementation.

Since the end of the twenty-century, mobile devipeesented a fast progress
related to processing power, storage and conngctivihen, more modern
software began to be embedded in such devices allated to the software
industry to develop more powerful applications (Dagt al., 2008). Nowadays,
the mobile games have become more complex anddgl®aport multi-player,
three-dimensional graphics and high quality sounds.

The GeoplanoMob is inserted in the context of etianal games and explore
the mobility of the mobile phones. It provides tmetstudent the learning of
Euclidian Geometry in a fun way. The idea is the student can reinforce the
concepts learned in classroom, at the time andepkec wants to, while he is
playing some of the GeoplanoMob modules in his teolphone. The target
audience of the game are students of the fourth (graund twelve years old).
However, the game can be played by people of ak.ag

2. The Geoplano Game

Geoplano was created in 1961 by Dr. Caleb Gattegreodidactic resource for the
practice of Euclidian geometry concepts, teachihdractions and other related

purposes. The game is composed by a board madeveit, usually presented in

a square form. In this board are inserted pinsails that can be connected with
elastics to allow the formation of plane figuregyufe 1 presents two examples of
boards designed for Geoplano. Each board is dedidatstudy specific concepts
related to planar geometry. The smaller board @mded to learn how to work

with units to draw shapes. The larger board candeel to learn plan shapes and
their localization in quadrants. Examples of atidg that can be performed in

Geoplano are:

Practice of laterality (horizontal, vertical, lefight);

Identification, classification and reproductionggfometrical shapes;
Identification and differentiation of unit measu@perimeter and area;
Comprehension of the concepts related to similatity consistency;
Learning of geometry terminology;

Identification and comparison of planar shapes;
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Use of the Theorem of Pick to calculate area infferént way to help
the development of the concept of angle;
Reproduction of shapes.

The diversity of activities that can be performed Geoplano allows the
creation of several games that can be adaptedetaahtent of each level of the
school learning. The increase of thinking speedcisph vision and enhancing
basic mathematical concepts are some of the bemdffilaying Geoplano. One of
the mathematical contents that can be exploreddmnplano consists on Euclidean
Geometry problems and is applied to students offdheth grade of elementary
school (twelve year-old children). It treats cortseelated to area and perimeter
of polygons.

Figure 1. Boards of Geoplano.

3. The GeoplanoMob

There are several works related to educational abilen games. Techniques that
can be applied to enhance game portability for meolwere presented by
Meantime (2006). In his work it is described howatmid the ocurrence of errors
in games developed for mobile phones when the degichanged. In fact, the
development of games for such devices is not altyovg¢owever, an educational
approach can demand a completely diferent conaepifothe game. With the

recent increase of graphics capability of mobileomds, the development of
educational games related to 3D concepts can atagsfsuch devices (Capin et
al., 2008). The concept of mathematical operatisnssed in board educational
games in colored scenarios with characters andremltexts (Bongiolo et al.,

1998). The common focus of all those works is tespnt a tool for learning that
can entertain the student and make the discoveknofvledge a funny activity.

The experiences described in those works were fmetthe development of the

present work. It was observed the possibility @ation 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 Gempladicated for mobile

platforms. Its main goal is to explore the mobilitiythe mobile phones but adapt
Geoplano content for the restrictions of such platf It explores the same
educational content and tasks of the Geoplano dpedl by Moraes et al. (2008).
It extends tasks related to squares and perimetads allows the study of

rectangles and area.

GeoplanoMob consists on various tasks, given bliaaacter named Geoboy,
that must be completed in a certain amount of tiksethe Euclidian Geometry is
quite wide and there is a great amount of geometiggons, it was decided to
separate polygon types in modules and a modulauafiijateral was chosen for
the first version of the game. The quadrilateratslute contains the squares and
rectangles. Then, the tasks include the draw fgyjurea mesh, according to
instruction provided by the character. Activitiedated to area and perimeter are
examples of features that can be explored.

Once the game will be available to download for iteophones, students will
use it to learn when and where they want to. Theegaas designed to provide
some challenges to the player in three levels ffitdity. The main difference in
each level is related to the time available to edhle task. Also, each level is
organized with tasks that are gradually increasedifficulty. It is related to the
shapes, their orientation and the treatment of#ihges given by the character.

To keep the game challenging and fun, the item&ddd the game were the
time, a score and the character. The time is catledlbased on the difficulty level
of the task and tends to become ever smaller. Tag) task has a maximum time
to be completed. The score is a feature that eagesrthe player to continue in
order to achieve better results. After completirghetask, the player receives
points based on the difficulty of task and the rieing time. When achieve a
good score, the player will be asked to save luslrén a top score list.

Besides the definition of the module, series ofllehges and tasks can be
attributed to the player. Some examples of cha#lengre: “creating shapes”,
“viewing and responding” and “identifying shape#si.the first one, the player is
challenged to draw the pictures with the geomdtiizaperties provided in the
statement. In “view and respond”, the task is tewithe figure provided and
respond a question. Finally, in “identifying shdpegries of figures are presented
and the player must identify the correct one adogrtb the information received.

Examples of some tasks that could be provided e¢optayer in each kind of
challenge are presented follow. These exampledased on the quadrilaterals
module.

First challenge: “creating shape”
1. Draw a square whose perimeter is the produthef/alues given by the
dices;
2. Draw a rectangle whose area is the sum of theesaiven by the dices;




Sample Word Paper for Co-located Conferences aMBE 2008 Congress 5

3. Draw a rectangle whose base is twice the height;

4. Draw a square whose area is the difference efvillues given by the
dices;

5. Draw a rhombus whose perimeter is the sum ofvétiees 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 rectangleabate, respectively, ...;
3. True or false: the perimeter of the square bétogight units;
4. True or false: the base of the rectangle betofwur units.

Third Challenge: “Identifying shape”
1. Which of the quadrilaterals above has a perimess than twelve units?
2. ldentify the rectangle whose area is six units;
3. Which one of the figures below is a parallelogpa
4. Which one of the figures below is a rotated sg@a

The present version of GeoplanoMob has four tas&swork the concepts of
area and perimeter of quadrilaterals. Each taslakasquest: time to complete the
task, a value given by dice and a method for viefyts accuracy. The requests
and possible dice of each task are listed below:

First task request: “Draw a square whose perimstire product of the dice.”
Possible dice: (1, 4), (2, 2), (2, 4), (2, 6),48,(4, 4), (4, 5), (4, 6).

Second task reqguest: “Draw a square whose arba groduct of the dice.”
Possible dice: (1, 1), (1, 4), (2, 2), (3, 3),4%,(5, 5), (6, 6).

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

Fourth task request: “Draw a rectangle whose & éaei product of the dice.”
Possible dice: (1, 2), (1, 3), (1, 4), (1, 5),€)L,(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 farhetask. The system limited
the values of dice because, adopting only integduwes, it's impossible to make
quadrilaterals with some values of areas and pé¢eime(there is no way for
making a quadrilateral with the perimeter 10, aanepie).

3. Development

A few years ago, the development of games and agifuns for mobile phones
did not follow any standard and was responsibitifyeach manufacturer (Lam,



6 Erisvaldo Saraiva Jr., Liliane Machado, Ronei Moraes, and Rogéria Reg

2004). With the growth of demand for applicatioms those devices, mainly
driven by the rapid evolution of the devices calitids, it was necessary the
creation of platforms that could enable third mtito develop applications
without the necessity of the specific device APpplication programming
interface) apparatus. Thus, some platforms emefgedanobile devices, which
hide hardware details and provide portability fangs and applications.

J2ME (Java 2 Micro Edition), also known davaME is a kind of shorter
version of J2SE, the standard version of Java,ingnon a reduced Java Virtual
Machine (JVM), named KVM, which demand less resesrthan the JVM. J2ME
is the most used platform on mobile phones. To rstded its operation, was
necessary a study on its hierarchy of configuratiand profiles, which allows the
differentiation and specialization of the targetvides. GeoplanoMob was
developed with Netbeans environment, together itthdd-on Netbeans Mobility
Pack and the Wireless Toolkit 2.5.1, tools of Suitrbbystems. Interesting to
note that these tools are easy to install both muxd_and Windows operating
systems, regardless of the distribution and vergiespectively (Figure 2). There
was a migration to Netbeans 6.0 and an updatestdMineless Toolkit 2.5.2 in the
final phase of the project, which was held witheumy problem. This change
allowed a decrease in the size of the game cod® (fil&) generated by the
Wireless Toolkit.

Figure 2: Netbeans 6 screen.

The game has only few classes due to the fachibbile programming doesn't
allow the excessive use of OOP (Object Orientedyfaraming) due to limitations
of memory and processing. Then, in many casedétter to adopt the faster
processing solution, which is not necessarily thestmelegant, robust and
expandableThus, as much as possible, the creation of notafonashtal entities
were avoid as much as the use of more costly OQBurees, such as the
polymorphism, inheritance and even, in some cakegackaging.
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During the definition of use cases, it was congdethe existence of two
actors: the Player and the System, and six use:caessl the game objective, read
help, do task, show next task, verify task and ehdame. The sequence of use
cases and its diagram makes possible to obtainvamview of the project,
facilitating its subsequent deployment. The Figdishows the development of use
cases. Note that there is just a simple cycle:sifstem gives the next task, the
player solves it, the system validation and, $f @rrect, another task is showed.

Figure 3: Use Cases Diagram.

The two major limitations in the development of th@me for mobile were:
memory and processing. While the first one is kaitto only few hundred
kilobytes, the second one is restricted to a faws t&f MHz. Often, in the course
of planning, developers ask themselves: “what isremaoritical in mobile
developing, the processing or the memory conss@inThe quick answer is “it
depends”. Not only in the equipment, but also timg lof work that the developer
is doing. In a text mode application, with a ladgabase, the memory constraints
tend to be more critical. In this case, the develapay request further processing,
worrying only not to spend much memory, becaudbimkind of application each
byte in the memory is precious. Thus, the develgteuld think twice before
creating variables to help processing tasks. ftengpreferable to make the same
processing task several times rather than stotsngsult in the heap.

Similarly, in an action game, the processing ialib make the game responses
satisfactory. It's appropriate to put more stufthe heap so you can only access
the previous stored information in the game logheathan processing it every
time the method is called in the game loop. Thisids/the occurrence of delays
that might affect the game usability.

Besides these difficulties that are common to alpligations for mobile
devices, some specific features of the Geoplanoptofect were: the interaction
with the mesh, the tasks verification and the geesistence. Thus, an important
aspect of GeoplanoMob is the way the player interagth the mesh. A good
interaction is essential to make the game not orimjoyable for the student.
The first issue to be addressed in this aspetieisvay to move in the mesh, held
by the directional keys. The handling difficulty @ sensitive nature. While the
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player presses the button, the cursor can moveghreeveral points, which is not
advisable in this kind of game, because it requivigh precision movements.
Thus, the solution adopted was to move the cunsstr gne point at each time,
independent of the time that the key remains predsea very large mesh, this
could be a tiring activity. However, as we are viogkin a small mesh, composed
by 49 pins (seven by seven), this solution is atzt#e.

Another issue that needed to be addressed is ti@gléct the pin. In a first
moment, the selection mode was very simple: thgeplenarks the starting point,
then the ending point, and the line between botthefn was drawn. This mode,
although, has two major problems: the need to ntark points to make each
move and the lack of clearly in play, because thggy has only a reference point
to make his move. To solve these problems, a nehnigue for selecting pins
was adopted. When a pin is selected, the player thet origin of a line (like a
pivot) and then a temporary line follows the curssrit moves on the screen.
Thus, the player can see which line would be dravihile moving without
necessarily have to make the move. The line wily dre really drawn (i.e. the
move is done) when a new pin is selected. The tesmpdine is colored in gray
scale. Thus, the student can effectively differgntithe lines that are drawn
(finished moves) and the line that is only a heprmake the current move. This
new pin selection mechanism can be seen in therd-igu 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 esdbcted pin, necessary to
calculate distances that, together with some spegifes, find out if the move
performed by the student is correct or not. It'gdamant to underline that these
rules should require the least possible processlng,to equipment limitations.
When the student makes a wrong move, his scor@nspared with the three
largest ones on the database. If it's a higherestt@n the last, it's requested the
player name to be inserted in the records tabke,B$ only shown a screen with
the three highest scores and the respective pheayees.
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4. Results

The results can be seen by the screenshots digplaythis item. For a better
understanding, the images of Figure 5 follow adabisequence, giving a more
concrete vision of the game: 1) The open screshasved; 2) The player receives
a task from the character; 3) The player is takethé Mesh screen, which will
have a given time to fulfill the task. After finisiy the move, the system checks
whether it is correct. If it is, the player is dzivto the 4) Positive Screen, else, for
the 5) Negative Screen; If the move was correetplhyer goes back to the Tasks
screen, advancing to the next task and restartiagcycle. After four tasks, the
difficulty level is increased, reducing the time rteove gradually, so, in a given
moment, the player can no longer move; 6) If thevenwas wrong, the player
score is verified. If it's among the top three atabase, the game system asks for
the player name. Then, shows the scores tablethéthhree highest scores in the
database. As it's not possible to get an idea abeutharacter's animations from
the screenshots, Figure 6 presents some pictuaeshbw all character frames, for
positive and negative screens.

.

Figure 5: Screens of GeoplanoMob.

Figure 26: Positive and negative animation of tamg character.

5. Conclusion

The first version of GeoplanoMob (quadrilateralsdule) presented good results.
The final quality achieved is an example of the poaf mobile devices as well as
the importance of the analysis and design stages.dévelopment of this project
was of great value to the knowledge of a very esBng area: the game
programming for mobile phones. During this procesmny difficulties were

found regarding limitations of memory, portabilftyoblems and bugs on specific
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devices. Nevertheless, with the evolution of stedand research, all these
problems could be solved.

Preliminary tests were conducted with teacherseghatators, who responded a
satisfaction questionnaire after playing GeoplanbMOne unanimous response
was that the mobile version is attractive and engddhe interest of mobile phones
by children. Another observation is that all teashemphasized the importance of
this type of game for the educational process.lth the tests are not finished,
the first questionnaires provided a first feedbatkhe game. It's expected that
GeoplanoMob could be recognized as a useful tadhi® Geometry teaching. For
this, the tests must be finished and suggestioed ts improve the game. When
the game development process was concluded (tedtergprovements) we intend
to make it available for free download.
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