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Abstract This paper presents a mobile application that
supports the learning process of mathematics for fifth grade
students, which specifically focuses on the practice of
fractions through a series of different games, such as
determining if a fraction is less, greater or equals to another
fraction; distributing a pizza in fractions; weighing
fractions of watermelons; making equivalent fractions;
among others. A comparative analysis of existing mobile
applications is provided, which is based on some relevant
features, such as the types of operations included, the game
modes supported, the interactivity of games, the support for
two players in the games, the orientation of the games to
fractions, the cost of use, the possibility to drag and drop
elements in the games of the mobile application, the
orientation to fifth grade students, among others. Given
that information and communication technologies and
ludic are two elements that can provide benefits when
incorporated into the teaching and learning processes, this
paper also examines different studies that review the
impact of mobile devices for designing effective learning
experiences in the field of mathematics, the difference
between traditional teaching training and the use of
electronic devices, and the use of ludic as a component that
could benefit the teaching and learning processes through
games or entertainment activities.

Keywords Primary School Children, Mathematical
Fraction, Educational Technology, Interactive Game,
Educational Mobile Application

1. Introduction

Information and communication technologies can
support the learning of almost any knowledge; they can be
a source of resources that help to obtain that knowledge.
A clear example is online learning, which is a type of
training that relies fundamentally on information and
communication technologies to create or use distance
learning systems and digital resources through the Internet
[1].

It is difficult to establish how and when information
technologies should be used in the teaching and learning
processes. There are not any pedagogical methodologies
and techniques that determine the use of information
technologies to improve these processes. When using
information technologies, you get some advantages, such
as the increased interest and motivation of the students.
The possibility of interacting with information and having
complementary activities enriches the learning process,
using digital teaching materials, learning environments,
among other resources [2].

Information technologies and ludic are two elements
that can provide benefits when incorporated into teaching
and learning processes. With information technologies,
there is the possibility of complementing or approaching
in a new way the teaching and learning processes, through
digital resources; while with ludic it is possible to offer a
different approach when carrying out the teaching and
learning processes through games or entertainment
activities, making education look like a fun process.

Regarding information technologies in the teaching of



Universal Journal of Educational Research 9(1): 76-84, 2021 77

mathematics, there are studies that propose constructivism
together with the pedagogical practice of mathematics.
The same studies suggest that information technologies
may be key to modifying teaching methods by adopting
new strategies and methods that over time are more
effective [3]. A different study makes use of math trail as
a learning activity model, which takes advantage of
mobile devices for designing effective learning
experiences; the study was carried out with primary
school students [4].

Another study investigated the difference between the
effect of using traditional teaching instruction and using a
tablet to teach mathematics for students of first grade of
an elementary school in Jordan. The study demonstrated
that the use of tablets for studying mathematics was
encouraging for teachers and students as part of the
learning process; it also showed that in some specific
cases students improved their mathematics skills [5].

In relation to ludic, it is considered a component that
can benefit the learning process in educational settings;
ludic is an element that enables playful learning to be
incorporated into educational settings. This method, in
addition to developing creativity, offers the benefit of
practicing previously learned knowledge, in a more fun
way, since the game is accompanied by tension, surprise,
joy and satisfaction, among other aspects [6]. There are
techniques used through games that reinforce memory,
cognitive tasks for learning and better assimilation of
content; it should be noted that the game generates greater
disposition and interest in the students [7].

A study was carried out with the aim of identifying the
effect of mobile gaming in mathematical achievement
among students of fourth grade in a primary school. The
study had an experimental group, which was taught using
educational mobile games; and a control group that was
taught by the conventional method. The study concluded
that the use of mobile games is an effective practice for
providing educational support to the students in
mathematics [8].

There are many activities and strategies to include the
ludic component in the teaching and learning processes.
As an example, there is the case of a study that used
different strategies and playful activities, such as
simulating everyday activities like shopping, creating
activities in the form of riddles and puzzles to address
geometry issues, making dynamics with the use of puzzles
where students are awarded for solving these correctly.
All the strategies of the previous case were successful, for
which it was concluded that using the ludic in
mathematics can help to change the perspective of the
students about the subject being difficult and boring, on
the contrary it is possible to generate more interest [9].

The work presented in this paper aims to be a
technological tool, specifically an application for mobile
devices, that supports the learning process of the
mathematics subject that belongs to the fifth grade of

primary education in Mexico. The mobile application
presented includes different interactive games that
specifically serve students to practice fractions topics. The
following sections describe some existing mobile
applications for practicing mathematics with games, as
well as the proposed mobile application with its different
games.

2. Existing Mobile Applications

The use of technologies to carry out or support the
teaching and learning process in education has become
popular. In 2006, for example, the Arizona State
University teamed up with Google, using what is known
as Google apps for education, which consists of software
provided by Google for universities; this software ranges
from email to web pages, among others, with the aim of
improving communication between students and teachers,
as well as facilitating access to information [10].

In Mexico, during the first decade of the 20th century,
projects of the same nature have been carried out. On one
hand there is Enciclomedia, a system that has a platform
that provides several resources for primary school
teachers to present the supported content in different
technological resources such as projectors, computers and
electronic whiteboards [11]. Another project developed is
Edumdvil, a system whose objective was to provide a
series of applications for Palm devices of the personal
digital assistant (PDA) type, for supporting different
subjects where students presented learning difficulties
[12].

In addition to those systems, there are many mobile
applications for practicing mathematics with games,
through interactive exercises. Google Play Store has some
of these mobile applications available for download. This
section describes some mobile applications that are
similar to the proposed mobile application presented in
this paper. The functionality and features of the following
applications are described: Teacher of Mathematics [13];
Games of Mathematics [14]; Mathematics vs Undead
Game [15]; Mate 5 Challenges [16]; Mathematical
fractions [17]; Fraction fraction [18]; and Fractions
calculator [19]. A comparative table is also presented at
the end of the section, along with an explanation of the
relevant features.

2.1. Teacher of Mathematics

It is a mobile application [13] in which the student
assumes the role of a baby and starts solving mathematical
problems, such as simple additions, subtractions,
multiplications, and more complex operations such as
fractions, square roots, exponentiation, among others.
Each game will last until the student misses two answers
in a row or when the time runs out. For each correct
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answer, the student will be awarded some points and earn
additional rewards such as coins and randomly diamonds.
The student will be able to use the coins and diamonds in
order for the character to evolve from baby to the
following levels: child, school boy, student, and finally, a
teacher.

Some of the topics covered in the Teacher of
Mathematics mobile application are the following:
addition, multiplication, division and subtraction of
natural numbers; addition and subtraction of fractions;
powers, roots, and operations with parentheses with
natural numbers, among others. Figure 1 shows
screenshots of two of the games included in this mobile
application: the first image shows the addition of numbers,
and the second image illustrates the addition of fractions.
The number of coins awarded is displayed in the right

upper corner of the screen.
P Selo®e | [ |

)

Figure 1. Teacher of Mathematics mobile application

2.2. Games of Mathematics

This mobile application [14] includes the basic
operations of addition, subtraction, multiplication and
division with natural numbers. It does not have levels, but
a menu with different games to choose from. Some of the
games included are the following.

Block game. The aim of this game is to place blocks on
other blocks of the same value, in order to be added
forming only one block with the added value, otherwise
they will be accumulated on screen. The game ends when
the screen is filled with blocks.

Puzzles. This game shows a series of operations with
only the result. The student must complete the operations
correctly with the values that will be displayed at the
bottom of the screen. These operations have to be dragged
by the student from the bottom of the screen to the
corresponding location, until all operations are completed.

Two-player game. This game is designed for two

students to play at the same time. The screen is divided in
two parts and an operation is shown on both sides of the
screen, as well as the possible responses. Players must
answer correctly before the opponent in order to
accumulate points and win the game. The winner is the
player that reaches the maximum point limit first.

Relate columns. The game consists of a column with
operations and another with results. The student has to
link correctly the operations on the left side with the
corresponding results on the right side. The game ends
when all the elements of both columns (operations and
results) have been correctly linked.

Figure 2 shows screenshots of two of the games
included in this mobile application: the first image shows
the block game with blocks in different colors; and the
second image illustrates the game to relate columns,
where the left column shows the operations and the right
column has the results.
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Figure 2.  Games of Mathematics mobile application

2.3. Mathematics vs Undead Game

It is a mobile application [15] that combines zombies
and educational games, aiming mainly at children over the
age of six and teenagers. The main character of the game
is a math genius who defends himself from numerous
zombies using his only weapon, which is the knowledge
of math exercises. With each correct answer, the math
genius captures evil zombies. The games of this mobile
application include the basic mathematics operations at
different levels: addition, subtraction, multiplication, and
division.

The mobile application also includes mind games
involving numbers to test the student's 1Q, improve their
reflexes and cognitive functions, as well as increase their
visual memory. Figure 3 shows a screenshot of one of the
games included in this mobile application, where the
student has to solve the operation presented by choosing
one of the three options provided.
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Figure 3.

Mathematics vs Undead Game mobile application

2.4. Mate 5 Challenges

This mobile application [16] lacks of interactivity, since
it only presents the book Mathematical Challenges of the
fifth grade of primary school, which is completely solved.
Figure 4 shows screenshots of this mobile application: the
first image shows a specific unit of the book, where there
are several operations (additions and subtractions) with
their corresponding results; and the second image shows
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some other problems and operations with multiple options
to choose from, but the correct answer is always indicated
with a green tick.

2.5. Mathematical Fractions

It is a mobile application [17] that allows the student to
learn and practice fractions through visual representations.
The mobile application is divided into two parts: learning
and practicing.

In the learning part, there is an explanation of the
following concepts: 1) simple fraction with numerator and
denominator, reading of fractions, fraction of a number; 2)
representation of mixed numbers and conversion of mixed
numbers to improper fractions; 3) definition of equivalent
fractions and how to calculate them; 4) comparison of
fractions if they have the same or different numerator and
denominator; 5) addition of fractions with the same or
different denominator; 6) subtraction of fractions with the
same or different denominator. The aim of the practicing
part is to evaluate the concepts learned in the first part,
having the opportunity to select those concepts that the
student wants to practice at a certain time.

1015 + 35 =

9984 + 128 =

Figure 4. Mate 5 Challenges mobile application
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It should be noted that this mobile application has a
multiplayer option to be able to observe the progress of
each student independently; it is suitable for children from
six to eleven years old; it is possible to play the games
without Internet connection; and it is ideal for first to sixth
grades of primary education.

Figure 5 shows a screenshot of a game to practice the
addition of fractions, which is included in this mobile
application; a visual representation of the fraction is
presented at the top through rectangles; and some empty
boxes have to be filled by the student with the blue
numbers located on the right side of the screen.

Completa

.

Figure 5. Mathematical fractions mobile application

2.6. Fraction

This mobile application [18] is a simple game about
addition and subtraction of fractions. Students have to
place the fractions in the correct empty boxes, and press
the submit button to go to the next operation.

Figure 6 shows a screenshot of the game with an
addition of fractions, in which the student has to place the
fractions below in the above black boxes, in order to
complete the operation correctly. A game includes 50
operations, which can be additions, subtractions or mixed,;
the number of correct answers is shown at the end of the
game.
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Figure 6. Fraction fraction mobile application

2.7. Fractions Calculator

It is a mobile application [19] that contains a module
for operations with fractions, such as addition, subtraction,

multiplication or division. In the exercises the student has
to solve the operation by writing the partial results of the
operation. The other module of the mobile application is a
fraction calculator. Figure 7 shows the two modules: the
first image illustrates the exercise module, where the
partial results are written with question marks; and the
second image displays the fraction calculator.
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Figure 7. Fractions calculator mobile application

2.8. Comparison Table

This section provides an explanation of each of the
features found after reviewing the mobile applications
previously presented. Table 1 shows a comparison of
features of the applications discussed previously and the
proposed mobile application. The applications shown in
Table 1 are the following: Al) Teacher of Mathematics;
A2) Games of Mathematics; A3) Mathematics vs Undead
Game; A4) Mate 5 Challenges; AS5) Mathematical
fractions; A6) Fraction; A7) Fractions calculator; A8)
Proposed mobile application. The tick indicates that the
application has the feature, while the cross indicates that
the application does not have it.

Playful and entertaining. This feature indicates that the
mobile application presents its content in a playful and
entertaining way through games.

Fifth grade primary. It indicates that the content
covered in the mobile application is similar to the content
covered in the course of fifth grade of Mathematics.

Focused on fractions. This feature indicates that the
content of the mobile application is focused mainly on
mathematical fractions.

Operations. It indicates that the content of the mobile
application includes operations with mathematical
fractions.

Different equivalence types. This feature indicates that
the content of the mobile application includes different
types of fraction equivalencies.

Free on Play Store. It indicates that the mobile
application can be downloaded freely from Google Play
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Store.

Free of payments. It indicates that the mobile
application does not contain features or functions for
which it is necessary to pay.

Free of ads. This feature indicates that the mobile
application does not have any external advertising while
using it.

Different game modes. It indicates that the mobile
application presents its content in different game modes,
such as puzzles, question rounds, exercises, etc.

Interactive. This feature indicates that the mobile
application requires interaction from the user, in order to
perform some actions.

Drag and drop. It indicates that the mobile application
uses drag and drop to carry out exercises or games.

Instructions. This feature indicates that the mobile
application has instructions for using it or about the
operation of its modules.

Two users. It indicates that the mobile application has
game modes where it is possible the interaction of two
users.

Table 1. Features of the analyzed applications and the one proposed
Features T T T T T T T T
1 2 3 4 5 6 7 8
Playful v | v | v ]| x v iv|v|v
Fifth grade < « « v M « < v
primary

Focused fractions x x x x

<<
AN

Operations x x x x

Equivalence types | = x x x

Free on Play Store | v/ | v

v '
Free of payments x x | vV | V| x x x
'

x
x
x
RN RN RN RN RN RN RN RN RN RN

Free of ads x x x
Game modes x v | x x x x x
Interactive vV | v x v | v |V
Drag and drop x | vV | % x x | v | x
Instructions x x x x x v | x
Two users x v x x x x x

3. Proposed Mobile Application

Taking the information from the previous mobile
application analysis and the desirable features, a proposal
was generated for the development of a mobile application
to practice mathematical fractions. The mobile application
will be completely free, with no additional charges within
the application, it will have no ads, and it will be available
for download from the Google Play Store. The mobile
application will be playful, interactive, and focused
especially to fifth grade students from Mexico.

It is worth mentioning that the aim of the mobile
application is to support the practice of fifth grade

mathematical fractions and not to replace the teaching
process of the subject. For the development of the mobile
application it was taken into consideration the contents of
the book 5th Grade Mathematical Challenges [20], which
is edited by the Ministry of Public Education; it was also
considered the key learning factors presented by the
Secretary of Basic Education [21] and the comments of
some teachers of fifth grade of an elementary school in
Mexico; in order to make the content of the application
suitable for students. According to these considerations,
the following functional requirements were defined.

Access to different game modes. The main modules or
games of the mobile application can be accessed from the
main interface.

Start Game. Once a game is chosen, the point or time
counter must be started in the mobile application. New
exercises will be randomly generated. This should be
displayed on the screen.

Interaction with interface elements. When starting a
new game, the mobile application will allow the student to
interact with the interface elements; dragging and
dropping items or pressing buttons.

Validation of the exercises. When making the necessary
interactions with the interface elements, the responses will
be validated by the mobile application to know if the
student answered correctly or not.

Display validation. The mobile application has to
communicate the student if the answer was correct or
incorrect; this communication can be through the screen
with a message, sounds and vibrations of the device.

Point count. When starting a new game, the count of
the points must be kept, it must be updated after each
validation, and it must be shown on the screen of the
mobile application.

End of game. Each time a game comes to an end, the
mobile application has to give the student a message of
the success or time achieved. Along with this information,
the mobile application will give the student the option to
go to the main page or start a new game in the same game.

Display instructions. For each game, the mobile
application will allow to access the corresponding
instructions for use.

Navigation within the application. From the main view
it will be possible to get to all the modules of the mobile
application, and at the same time it will be possible to
navigate again to the main page from any point; without
closing the mobile application or restarting it.

Once the functional requirements were defined, the
following interface model was proposed, which shows
some preliminary interface prototypes of the games that
the mobile application contains. The prototypes were
created with NinjaMock [22]. The mobile application has
six modules and each module represents a game: “less,
greater or equal”, “watermelons and fractions"”, “distribute
the pizza”, “1 vs 1”, “operations”, and “memory game of
fractions”.
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The prototype contains screenshots that show the
appearance and operation of the mobile application. The
design of this prototype was the base for the final design
of the different modules of the mobile application. It is
important to mention that this prototype was shown to
several fifth grade teachers, who approved the initial
proposal of the application and commented on the topics
of fractions that could be more useful based on their
experience as teachers. Figure 8 contains the layout of the
application menu interface; this screen shows the options
of the different games within the application; each game is
represented with a button with which you can access

them.
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Figure 8. Mobile application with the menu of games

Figure 9 shows the interface of the game “less, greater
or equal”, in which fractions are presented to compare
their values. The student has to drag the correct symbol
between the two fractions to answer and at the end, the
result of the game is shown. The first image of Figure 9
shows the interface with the two fractions to be compared
in the upper part, and the signs of less, greater and equal
in the lower part; the second image shows that the student
has dragged the sign of greater than, so the answer is
incorrect, which is shown with the red cross; finally, the
third image shows the points that the student accumulated
at the end of the game.
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Mobile application with the less, greater or equal game
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Figure 9.

Figure 10 shows the interface of the game
“watermelons and fractions”, in which a fractional amount
is presented and with the help of the images at the bottom,
the equivalent in kilograms must be obtained; the images
must be dragged to the central part of the screen and the
"Done" button must be pressed to evaluate the answer; at
the end of the game the points achieved are shown. The
first image in Figure 10 shows the fraction and the images
available to drag; in the second image it is shown that the
student has dragged a complete watermelon and a quarter,
so the answer is correct, which is shown with the green
tick; finally, the third image shows the points that the
student accumulated at the end of the game.
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Figure 10. Mobile application with the watermelons game

Figure 11 shows the interface of the game “distribute
the pizza”, in which a pizza is presented to be distributed,
dragging slices to the plates at the bottom, depending on
the amount indicated in the fraction. There is a "Done"
button to evaluate the answer and at the end of the game
the total number of correct answers obtained by the
student will be shown.
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Figure 11. Mobile application with the watermelons game

In the first image of Figure 11, the complete pizza is
shown in the upper part, and two fractions in the lower
part; the second image shows that the student has dragged
two slices of pizza to the first plate, and a slice to the
second plate, so the answer is correct, which is shown
with the green tick in the third image.

Figure 12 shows the interface of the game "operations",
which shows empty spaces that the student must fill,
dragging the options shown at the bottom of the screen;
there is a stopwatch to check the time in which the
exercise is performed. When completing the exercise, the

time is shown.
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Figure 12. Mobile application with the operations game

In the first image of Figure 12, the empty circles for the
fractions are shown with their corresponding results (two
additions and two subtractions), and some green circles
with fractions are displayed at the bottom; the second
image illustrates that the student has dragged the green
circles with fractions, and dropped them in the empty
circles above; finally, the third image displays a message
that indicates that the student completed the game of
operations in a time of one minute and 20 seconds.

Figure 13 shows the interface of the game "1 vs 1",
where the screen is horizontally divided in two to show
one question and four possible answers to two users at the
same time. Users must answer before their opponent to
maintain their lives; when a user loses all his lives, the
game will end and the winning user will be shown.

In the first image of Figure 13, the divided screen is
presented with an addition of fractions, four buttons with

possible answers and hearts that represent the lives of the
players; the second image illustrates that the player at the
bottom answered correctly, so a green tick is displayed
and a heart is removed from the opponent; finally, the
third image shows when the top player loses all his hearts,
the game ends, and a message is displayed for the winning

player.
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Figure 13.

4. Conclusions and Future Work

This paper presented a mobile application to practice
fractions through a series of games, which is intended for
fifth grade students. The games included in the mobile
application allow students to determine if a fraction is less,
greater or equals to another fraction; identifying fractions
by distributing slices of pizza; addition of fractions by
weighing fractions of watermelons; determining
equivalent fractions; among others. The games were
described and some interface prototypes were shown.

It was carried out a comparative analysis of seven
existing mobile applications to practice mathematics
topics. The most relevant features were highlighted, such
as the types of operations included, the game modes
supported, the interactivity of games, the support for two
players, the orientation to fractions, the cost of use, the
possibility to drag and drop elements, the orientation to
fifth grade students, among others.

Further work is needed to complete the development of
the mobile application with its six games. The mobile
application will be evaluated by teachers and students in
four aspects: functionality, usability, design and didactic
features. It is also planned to publish the mobile
application in Google Play Store in order to be used freely
by teachers and students.

Finally, it should be noticed that the mobile application
presented in this paper is part of a set of web and mobile
applications that are under development, which aim to
support the teaching and learning processes of different
subjects of primary education. These applications include
a web platform to create memory games for educational
purposes [23], and a mobile application to support the
teaching of reading and writing of Spanish [24].
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