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ABSTRACT

Several applications have currently been developed to assist children in learning mathematics.
However, many of these applications were created in different languages or designed for
distinct social contexts, and some are now outdated. Given the factors mentioned above, a
mobile application was created to help children develop mathematical skills. Through expert
testing, an application was developed that meets both content and usability standards, ensur-
ing that users feel comfortable while using it. The software was validated through multiple
tests, yielding promising results.
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1  INTRODUCTION

Software development refers to a set of computer-based activities dedicated to
the process of creating, designing, deploying, and supporting software. Software
itself is the collection of instructions or programs that tell a computer what to do.
It is independent of hardware and makes computers programmable [1].

The benefits of play are widely recognized and well documented. These
include improvements in executive functioning, language development, early
math skills, social growth, peer relationships, physical development, and overall
health—including emotional health [2]. The objective of this study was to ana-
lyze the relevance of using games in children’s learning of mathematics and logic.
The results indicate that games such as crosswords, puzzles, and pattern-copying
activities, among others, are effective in fostering logical reasoning. Furthermore,
to stimulate logical-mathematical thinking at the initial level, it is essential to cre-
ate an environment conducive to concentration and employ various games that
contribute to its development [3]. In Maria’s study [4], the objective was to eval-
uate the influence of digital games on improving logical-mathematical thinking

Aguifiaga, AR., Quezada, A, Ramirez, M.R., Telléz, A.C. (2025). Development of Software that Supports the Improvement of Mathematical Skills
in Children. International Journal of Interactive Mobile Technologies (i/IM), 19(9), pp. 31-41. https://doi.org/10.3991/ijim.v19i09.54557

Article submitted 2024-11-22. Revision uploaded 2025-01-12. Final acceptance 2025-01-23.
© 2025 by the authors of this article. Published under CC-BY.

iJIM | Vol. 19 No. 9 (2025)

International Journal of Interactive Mobile Technologies (iJIM) 31


https://online-journals.org/index.php/i-jim
https://online-journals.org/index.php/i-jim
https://doi.org/10.3991/ijim.v19i09.54557
https://online-journals.org/
https://online-journals.org/
mailto:arodriguez@sdgku.edu
https://doi.org/10.3991/ijim.v19i09.54557

Aguifiaga et al.

in four-year-old children at an educational institution. The overall results con-
firmed a significantly positive impact on the development of logical-mathematical
thinking; after implementing “Play Math Kids” with four-year-olds, they achieved
positive scores.

Mobile technology has become an indispensable tool in daily life, and its use
has expanded to all age ranges [5] [6] [7]. Therefore, this research proposed creat-
ing a mobile device application to assist the development of mathematical thinking
in preschool children. This application is designed to help children develop basic
math skills, as well as improve their memory and attention. User-centered design
principles will be employed.

Based on the causes outlined above, a learning object (1.O) [8] was developed for
multi-touch devices, aiming to support the development of mathematical thinking in
preschool children. This LO proposal focuses on basic mathematics such as addition,
subtraction (originally “restas”), and multiplication.

2  RELATED WORK

The benefits of playing are highly significant and thoroughly documented. They
enhance executive functioning and language skills, early mathematics abilities (such
as number handling and spatial concepts), social development, peer relationships,
physical development, and overall health—including emotional health—Ilikely
because play helps buffer anxiety and stress [9].

One study aimed to examine the significance of using games in children’s
learning of mathematics and logic, primarily grounded in various types of
games as a useful tool [10]. The results show that, for fostering logical reason-
ing in children, games such as crosswords, puzzles, copying patterns, cooking
recipes, board games, virtual games, and technology-based games should be
used. Moreover, to stimulate logical-mathematical thinking at the initial level, it
is necessary to provide a suitable environment for children to concentrate and
to implement a variety of games contributing to this development [10]. Logical-
mathematical concepts are deemed very important and useful in children’s
thinking, as they enable children to express knowledge in their daily educational
experiences [10].

Another investigation aimed to determine the influence of digital games on
improving the logical-mathematical thinking of four-year-old children in an edu-
cational institution. The results demonstrated a significant positive effect on logical-
mathematical thinking; after implementing “Play Math Kids” with four-year-olds,
they obtained positive scores [11].

Basic math operations are challenging for everyone. The AndMaths game
for Android devices was created to assist primary school students in learning
these basic math skills in the number ranges of 20, 50, 100, and 1000. Users can
freely select the numeric ranges [12]. Another study aimed to find the relation-
ship between educational games and mathematics learning for four-year-old
children. The objective was to determine the correlation between educational
games and math learning in these children. The conclusion indicated a mod-
erate correlation between the research variables, and the hypothesis was
confirmed [12].

In a different project, a linear number-line game was designed based on men-
tal number-line theory. This study examined the effectiveness of the linear number
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line game in learning numerical concepts and arithmetic skills in children, compar-
ing it with two other games—a nonlinear number line game and a game without a
number line [13].

Finally, one article briefly examines examples of how these environmental
assessments have enhanced the understanding of child development in
diverse areas. It also provides an in-depth look at the contributions of ana-
lyzing one type of environment to one type of learning: how biased distribu-
tions of problems in math textbooks influence children’s learning of fraction
arithmetic [14].

3  METHODOLOGY

In the context of this study, and given the complexity of the domain being studied,
a methodology was established with the aim of understanding the specific guide-
lines needed to create the application and enhance user skills.

To develop this project, the User-Centered Design (UCD) methodology was utilized
as the approach for software development [15]. This method focuses on prioritiz-
ing the user in every design decision. UCD is defined as a philosophy that positions
the user at the core of the design process, taking into account the characteristics,
needs, and desires of the individuals who will use these products. Its primary strat-
egy involves research techniques and methods designed to keep the user at the
heart of the design process. The following sections describe how each phase of this
methodology is contextualized within the present work.

Figure 1 outlines the methodological approach undertaken in this research,
which consists of the following steps: definition of users, analysis, design, and
evaluation.

Definition

Evaluation
of users

Analysis

Fig. 1. Methodological process of the research

3.1 Definition of users and determining requirements

For the development of this project, the first phase involved researching the
type of user for whom the application is intended, considering the limitations pro-
vided by the literature. The requirements were defined based on a bibliographic
review of the topic. Additionally, a review of the various applications developed
for users with autism was conducted to gain insight into their development
and design.
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3.2 Analysis

This phase involved the following tasks [16]:

Introduction of the primary issue that requires resolution.
Recording, refine, and selecting the most feasible ideas.
Creation of storyboards during these sessions.

3.3 Design

During this phase, a set of prototypes was created for each activity within each

module, starting with the application’s login screen, as shown in Figure 2. In addi-
tion, the initial screen of the application was developed to display each of the levels
it will contain, also illustrated in Figure 2.

ImageView

Fig. 2. Prototype

In Figure 3, we can see the intended design for the game. The plan is to keep it

simple and avoid excessive information, preventing the child from feeling lost and
making it easier to assimilate the information presented. The initial screen shows
only one field for the child to enter their name, followed by a button to start playing.
It also displays the high score previously achieved by the child.

Once the child starts playing, another screen appears, which includes:

Current score

The name the child entered on the initial screen

The number of lives, represented here by three apples
A label showing the calculation to be solved

A field for the child to enter their answer

Finally, a button to check their entered answer

If the answer is correct, the game displays the next calculation to solve. If not, the

child loses one apple (i.e., one life).
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O-20

Respuesta
¢Como te llamas?

JUGAR

Comprotar

Fig. 3. Mockup

3.4 Evaluation

A first functional prototype was evaluated, with the objective of ensuring that
the individuals involved in this project (children, parents, and teachers) used the
product, thereby verifying the interaction between the users and the OA. The details
of this stage are presented in the OA Validation section.

This phase was crucial because, based on the improvement suggestions identi-
fied, modifications were made to the product, and the UCD methodology cycle was
repeated. This process will be carried out as many times as necessary until the product
fully satisfies the needs of the end users—in this case, preschool children. The details
of this stage are presented in the “Tool Validation and Preliminary Results” section.

4  APP MATHEMATICS

Following two iterations of the proposed methodology, the primary interface of
the App Mathematics project is shown in Figure 4.

Fig. 4. Main activity
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In Figure 4, we can see the initial screen of the learning object (LO). This is the
starting point of the project, configured so that children do not experience any issues
with the information displayed. It contains only a visually appealing image, a field
where the child enters their name, a button to start the game, and a box at the bottom
to display the highest score achieved, along with the same user’s name.

The LO app “Mathemathics” consists of six levels:

Level one: Simple addition

Level two: Moderate addition

Level three: Subtraction

Level four: A combination of addition and subtraction

Level five: Simple multiplication

Level six: A combination of all the above

In Level 1, the child encounters basic addition problems, allowing them to learn
the game’s dynamics and become familiar with how it works. In this first level, the
operations are, for example, 1 + 2, 2 + 2, and 3 + 1, using small numbers to make
them easier to solve. In Level 2, the difficulty increases slightly with moderate addi-
tions, meaning somewhat larger numbers appear. These operations are displayed
randomly—never in the same order—to introduce an element of complexity.

Once the child has completed the addition exercises, Level 3 introduces subtrac-
tion with randomly generated numbers, much like the previous level. This level
involves greater difficulty, meaning the child may take relatively more time to
respond to the presented operation. Figure 5 shows an example of this screen.

Scorw Scose 1Y Wow 0
Jugador (duwie Spese Cdarts Anedor Eduardo

warrcs 909 L I 1) Mazros 9@

= || & *ooll99 -
#qr"'.-” +222llos = 0

Fig. 5. Level 1, Level 2, and Level 3

In Level 4, we encounter a combination of the two previous topics—addition and
subtraction—which increases the difficulty somewhat, as the operation to be solved
is randomly generated. Likewise, the numbers (now larger) are also presented
randomly, making this level more complex.

In Level 5, we come to the final topic: multiplication. This area is indeed more com-
plex, and, as in the earlier levels, the numbers appear randomly. As shown in Figure 6,
as users progress through the levels, the score increases with each correct answer.
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Scare: 30 Score: 37 Score: 40
Jugador: Eduardo Jugador: Eduarde Jugador: Eduardo
Manzanas: @ Manzonas: @ Manzonos: @@

Fig. 6. Level 4 and 5

Finally, Level 6 combines the three topics covered throughout the game—addition,
subtraction, and multiplication. Because it is the last level, it has a higher degree
of difficulty, testing the child’s knowledge based on the progress they have made
throughout the game. Once the child completes all levels, they reach the highest
score, which is then displayed on the main menu.

Score SO Score: 82

Jugador Edusedo Jugedor Edundo
Manzng: @

Score 58
Jogader: Edustdo
wnznzs: @

Fig. 7. Level 6
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5 TOOL VALIDATION

To validate both the utility and usability of the tool, a strategy was designed
consisting of two stages:

1. Heuristic evaluation
2. Expert testing

The results obtained in each stage are presented below:

5.1 Heuristic evaluation

A heuristic evaluation was carried out on the first version of the application
to detect potential usability issues and resolve them early on through a process of
continuous improvement. Three professionals—academics with experience in this
method—conducted the evaluation. The four most critical problems identified are
listed below:

Progress indicators were not clear enough for the child.

There is no training period (or tutorial) to teach the child how to use the software.
The font size is too small.

In some levels, images tend to be very small.

W

5.2 Expert testing

In the first iteration, interviews were conducted with two preschool teachers.
They were asked three open-ended questions regarding children’s learning and
five questions related to their impressions of the proposed software. The following
points summarize the experts’ feedback:

e Activities should be presented in an audio storytelling format as a form of
reinforcement.

e Progress indicators should be like those used by the teachers.

e Positive feedback should match that used by the teachers, and it should be
customizable and varied.

In a second phase, the tests were conducted with students who are experts in
mobile application development. For these tests, a group of 13 experts was considered.
After using the application, they were asked to respond to an instrument based on
the study and evaluation of learning objects (LO evaluation metric) [17]. This instru-
ment evaluates four aspects (interactivity, design, engagement, and usability), which
were adapted to the mathematics application.

Table 1. Interactivity results

Interactivity Excellent Acceptable Deficient
Meaningful interactions 31% 46% 23%
Overall control 46% 31% 23%
Multimedia adds learning value 38% 23% 38%
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Table 2. Design results

Interactivity Excellent Acceptable Deficient
Consistency 31% 38% 31%
Layout 62% 15% 23%
Labelling 54% 23% 23%
Readability 46% 31% 23%

Table 3. Engagement results

Interactivity Excellent Acceptable Deficient
Quality of feedback 54% 23% 23%
Attractive 46% 15% 38%
Graphics 62% 15% 23%
Amount of multimedia 38% 31% 31%
Motivating 31% 54% 15%

Table 4. Usability results

Interactivity Excellent Acceptable Deficient
Natural to use 62% 15% 23%
Orientation 38% 31% 31%
Navigational cues 38% 31% 31%
Instructions 54% 23% 23%
Appropriate language level 85% 15% 0%

The conclusions from the expert evaluation results provide us with the follow-
ing analysis:

Regarding interactivity, it was well rated by the professionals among the three
evaluated aspects. The highest-rated facet was “Multimedia enhances learning,”
with 46% approval, followed by “General control,” where 38% of the evaluators
considered the system interactions to be meaningful. These results suggest that the
professionals believe the application provides significant interactions and learning
experiences, which will enable children to benefit from its use in the future.

Regarding the design, the approval is encouraging, as none of the profession-
als gave a negative evaluation to any item. The aspect with the highest approval is
related to the structure of the stages, suggesting that their distribution was appro-
priate and not disorganized. Furthermore, it can be concluded that the message
intended to be conveyed through these stages was clearly understood.

Regarding engagement, the evaluation was also very positive, similar to the
results in the Interactivity table, as no professional gave a negative rating to any
item. The most highly rated aspect was graphic design, with an approval rate of 62%.

The usability of the application also received positive results, exceeding 85%
approval in all aspects under the “excellent” category, which represents the highest
level of approval. The most highly rated aspect was the ease of use of the application.
This is crucial, as the instructions must be clear and explicit to avoid confusing the
children while they perform the activities.
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6

CONCLUSIONS AND FUTURE WORK

The project successfully achieved all the objectives set and has developed an
application that helps enhance mathematical skills in preschool-age children.

This development aims to support the improvement of mathematical skills
in children. The goal is to create a model that defines guidelines for developing
applications focused on enhancing children’s mathematical abilities.

As future work, the experimentation will be conducted with children aged four to
six in preschool. Additionally, the application will be evaluated by experts in the field,
including teachers at that level and parents of the children, to assess its usability.
Based on this information, a statistical analysis will be conducted to measure the
application’s performance and improve its usability if necessary.

7

(10]

(11]

[12]

(13]

[14]

REFERENCES

M. Rouse, “Software,” 2020. [Online]. Available: https:// www.techopedia.com/defi notion/
4356/software

M. A. M. H. M. H. C. and F. Zamorano, “La importancia del juego en los nifios,” 2019.

L. AL R A Mercy Catalina Vélez Mendoza, “El desarrollo de la inteligencia 16gico
matemdtico mediante el juego en nifios de educacién inicial,” Dominio De Las
Ciencias, 2023.

E. M. G. M. S. Bellido Urquizo, “Juegos digitales para la mejora del pensamiento logico
matematico en infantes de 4 afios de una Institucion Educativa del distrito Los Olivos,”
Universidas Cesas Vallejo, Lima, Peru, 2021.

K. C. N. Larkin and N. Calder, “Mathematics education and mobile technologies,” Math.
Ed. Res. |, vol. 28, pp. 1-7, 2016. https://doi.org/10.1007/s13394-015-0167-6

S. Pogan, B. Altay, and C. Yasaroglu, “The effects of mobile technology on learning
performance and motivation in mathematics education,” Educ. Inf. Technol, vol. 28,
pp. 683-712, 2023. https://doi.org/10.1007/s10639-022-11166-6

K. Fabian, K. J. Topping, and I. G. Barron, “Mobile technology and mathematics: Effects
on students’ attitudes, engagement, and achievement,” /. Comput. Educ., vol. 3, no. 1,
pp. 77-104, 2015.

L. C. Society, “1484.12.1-2002 - IEEE standard for learning object metadata,” 2022.

M. M. Zamorano, M. M. Abad, M. J. H. H. [1], C. Q. Herrera, and E. P. d. l. Fuente,
“La importancia del juego en los nifios,” 2019.

M. C. and R. A. L. A. Vélez Mendoza, “El desarrollo de la inteligencia 16gico matematico
mediante el juego en nifios de educacion inicial,” Dominio De Las Ciencias, 2023.

E. M. G. M. S. Bellido Urquizo, “Juegos digitales para la mejora del pensamiento 16gico
matematico en infantes de 4 afios de una institucion educativa del distrito Los Olivos,”
2021.

A. B. Pineda Marin, “Juegos didacticos y el aprendizaje en el drea de matematica en
los nifios de 4 afios en la institucion educativa San Francisco de Asis Ayacucho,” 2022.
[Online]. Available: http://repositorio.uladech.edu.pe/handle/20.500.13032/29788

C.-H. Lin, “Developing mental number line games to improve young children’s num-
ber knowledge and basic arithmetic skills,” Journal of Experimental Child Psychology,
vol. 222, p. 105479, 2022. https://doi.org/10.1016/j.jecp.2022.105479

R. S. Siegler, S. Im, and D. Braithwaite, “Understanding development requires assess-
ing the relevant environment: Examples from mathematics learning,” New Directions
for Child and Adolescent Development, vol. 2020, no. 173, pp. 83-100, 2020. https://doi.
org/10.1002/cad.20372

40 International Journal of Interactive Mobile Technologies (iJIM) JJIM | Vol. 19 No. 9 (2025)


https://online-journals.org/index.php/i-jim
https:// www.techopedia.com/defi notion/4356/software
https:// www.techopedia.com/defi notion/4356/software
https://doi.org/10.1007/s13394-015-0167-6
https://doi.org/10.1007/s10639-022-11166-6
http://repositorio.uladech.edu.pe/handle/20.500.13032/29788
https://doi.org/10.1016/j.jecp.2022.105479
https://doi.org/10.1002/cad.20372
https://doi.org/10.1002/cad.20372

iIM [Vol. 19 No. 9 (2025)

Development of Software that Supports the Improvement of Mathematical Skills in Children

[15] A.L.I B.J. Gulliksen, User Centered Design in Practice -, 1999.

[16] J. ]J. Garrett, The Elements of User Experience: User-Centered Design for the Web.
New Riders, 2010.

[17] R. H. Kay and L. Knaack, “A multi-component model for assessing learning objects:
The learning object evaluation metric (LOEM),” Australasian Journal of Educational
Technology, vol. 24, no. 5, pp. 574-591, 2008. https://doi.org/10.14742/ajet.1192

[18] G. Hajdics, T. Guzsvinecz, V. Szucs, and C. S. Lanyi, “Development of mathematical
skills developing game software,” Studies in Health Technology and Informatics,
vol. 242, pp. 1005-1008, 2017.

8 AUTHORS

Adrian Rodriguez Aguifiaga is with the San Diego Global Knowledge University,
San Diego, CA, USA (E-mail: arodriguez@sdgku.edu).

Angeles Quezada is with the Tecnoldgico Nacional de México Campus Tijuana,
Baja California, México.

Margarita Ramirez Ramirez is with the Facultad Contaduria y Administracion,
Universidad Autonoma de Baja California, Tijuana, Baja California, México.

Andrés Calvillo Telléz is with the Instituto Politécnico Nacional, Tijuana
22435, México.

International Journal of Interactive Mobile Technologies (iJIM) 41


https://online-journals.org/index.php/i-jim
https://doi.org/10.14742/ajet.1192
mailto:arodriguez@sdgku.edu

