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Abstract. Basic mathematics can be complicated from primary
education if the class is based on the presentation of the teacher
and the explanation of basic topics instead of allowing students to
investigate the topics and develop their own knowledge. In this
sense, constructivism proposes that the necessary tools be granted
to students with the aim of converting a boring and theoretical
class into dynamic and fun. That is why taking advantage of the
advantages offered by video games based on learning, the design
and logic of an adventure videogame to teach mathematics to
elementary school students is proposed, with the aim of providing
a tool to educators that allows strengthening the student learning
process in this area
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Introduction
It is known that humans play for different reasons: by relaxation, by imitation, as an exercise to gain selfcontrol, and by the desire to dominate or enter into competition with others [19]. In the American continent,
evidence showing the practice of games have been found in different geographical locations (eg, the
Mesoamerican ball game with a history of approximately 3500 years and 2000 courts found in territory that
extends from the southwest of the United States to El Salvador, the importance of this game is that it was
practiced by different cultures such as: the Olmecs, Zapotecs, Teotihuacans, Mayas, Toltecs, and Aztecs) with
complex structures and rules that made them true competitions and beautiful demonstrations before spectators
[1,7]. However, currently according to Connolly, Boyle, MacArthur, Hainey and Boyle declare that the way of
playing has changed since 1980 video games appeared accompanied by the progress and progress of the
computers, and with it, the definition of the game has changed, since with the evolution of the technology video
games have been developed that adapt each time to the reality [5,10].
In this context, according to Connolly et al., and Boyle, Connolly, Hainey and Boyle [5,10] state that the
introduction of video games in people's lives has had a transformative impact on the way they They spend time,
since video games provide attractive and enjoyable recreational activities, becoming one of the favorite leisure
activities worldwide, however much of the initial research on video games particularly those violent, focused
on the negative impacts of these (eg, increased aggressive thoughts, aggressive affection and physiological
arousal, social isolation, aggressive reaction, lack of control to regulate game time, and addiction to it) on the
other hand, video games have been applied in different disciplines such as: education, health, public policy,
strategic communication, mathematics, among others, where results have been obtained p Ossives among
participants as videogames offer an interactive medium for learning through perceptual experiences [11, 34].
In this sense, according to Hainey, Connolly, Boyle, Wilson, and Razak [16], video games could improve the
learning process because they provide an interactive platform where mistakes are allowed and replay without
negative consequences for the player; this creates trust among users as it provides the possibility of retrying to
play with feedback of the information, improving the skills of the players in the video game.
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It has been observed that video games have been used in education as a support tool for teachers, taking
advantage of the advantages they offer, that is, they are experiential, active (ie, every action generates a
reaction), they provide immediate feedback, they provide a means interactive where there are no punishments
for the mistakes made by users, the video game environment provides a better learning experience since it
combines fun with education and also, its purpose is to support the assimilation of the concepts or topics that
the teachers teach in the classrooms. In this way, learning based on games or Game-Based Learning (GBL)
arises in the development of video games for educational purposes where video games are a support tool to
reinforce the knowledge acquired in classes [18].

2

Development
In order to develop the videogame that is being proposed and which we call NovaMath, use is made of GameBased Learning, this teaching approach will be approached in a general way with the structure shown in Figure
1.

Figure 1. General structure of the NovaMath video game
The video game must keep a record of the players to have a rigorous control of the level of complexity in which
each student is, and thus show the environment, obstacles, adventure and problems that correspond. The
procedures and general logic of NovaMath are detailed in Figure 2; The student must log in, the data sent is
evaluated, the corresponding data is shown on the screen and after the adventure the student must close the
video game so that the program records the player's data and at the same time updates the level of game reached.
Currently, video games aimed at teaching mathematics at different levels of education, omit calculating the
complexity of each level of the game, make use of a strategy consisting of each player's correct response earning
points or a heart, A star among other things. On the other hand, if the player responds incorrectly, one unit is
deducted from the points reached [2, 14]. NovaMath considers complexity as explained below: The problems
that NovaMath will present to players are Arithmetic (i.e., addition, subtraction, multiplication, and division)
and will be generated by the videogame considering the following parameters.
 Game level, 5 levels.
 Number of problems already resolved at level a (i.e., a: is the level where the player is currently).
 The player's responses at level a (i.e., the correct answers will be counted against the incorrect
answers).
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Figure 2. General logic of the NovaMath video game
NovaMath will generate the problems according to the level of play that corresponds to each registered player,
that is, as long as the level of play is also greater the complexity of the obstacles and problems will increase. In
this sense, the problems solved at the corresponding level (a) will also be considered, since the next problem to
be solved, the video game will increase its complexity considering the success and number of attempts made in
each problem, that is, as the number of attempts of the player (n), the complexity (p) of the video game should
decrease. If the number of hits and the number of attempts are equal, the complexity must be maintained
according to level a, and finally if the number of hits is greater than the number of attempts, the complexity
must be increased. This process aims to adapt the complexity of NovaMath according to the registered
performance of the player and thus prevent the student from finding the teaching-learning process tedious,
boring, and complex.
Below is the formula for finding the complexity p of problem n + 1 of NovaMath level a:
𝒑 = [𝒓 − 𝒏] + 𝒂
Where:
p = complexity of the problem n+1
r = number of problems resolved at level a
n = number of attempts made to solve problems r
a = complexity assigned to each level of the video game
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Discussion and analysis of results
According to the modeling presented, NovaMath presents an adventure environment where the main player
evades obstacles to follow the path established in each level of the game (ie, NovaMath has 5 levels of
complexity) and at the same time when passing through a certain area of the land obstacles are activated, and
arithmetic problems arise.
The Figure 3 shows the game environment with the player running through the established labyrinth.

Figure 3. Environment of the NovaMath.
As indicated, the video game also includes obstacles that the main player must avoid, including that the
character must escape from dangerous animals in real life, as shown in Figure 4.

Figure 4. Animals that includes NovaMath.
The idea that the videogame includes this type of wild animals is with the aim of making students aware that
there are animals that are better to escape from them. In the video game, if the wild animal catches the player,
the player must solve an extra problem, which is why the player is forced to escape from these types of animals.
Finally, in Figure 5, the videogame presents arithmetic problems.
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Figura 5. Presentando problemas de aritmética al estudiante.
Adventure, fun, and learning are the pillars of this video game to give the student an environment of fun,
challenges and emotion.

4

Conclusions
Nowadays, it is very common for children to be familiar with mobile or cellular devices and computers because
the vast majority of Mexican families have these electronic devices at home, which allows children to
experience them. In this sense, for most students, playing with the cell phone or with the computer is no longer
a problem or challenge since children are more curious, which provides an advantage or opportunity for parents
to educate students. Children the good manners and good teachings that will be your guide for the rest of their
lives, coupled with the above, it is convenient that from an early age they also be taught the use of digital tools
to reinforce their knowledge in the different subjects to be taken In primary education and in this way good
foundations are fostered in the different disciplines that they will learn in their academic life.
On the other hand, parents must observe their children's activities with cell phones and computers since they
must fulfill their guiding role so that children are in a constant learning environment, since otherwise You run
the risk of children consuming inappropriate content for their age. In this sense, learning-based video games
are the best option as an entertainment activity since, in addition to offering fun, leisure time is used to improve
students' knowledge in a subject that is critical in basic education that is Mathematics, video games can also be
used by teachers, parents so that everyone helps children improve their academic performance in this discipline.
NovaMath presents a complete adventure environment, where the student faces challenges that make the fun
attractive, and in addition to reinforcing his knowledge in mathematics, he learns to respect animals and the
environment. In this sense, the video game adapts to the player as it presents problems consistent with the
history of solved exercises and the mistakes made; in this way, NovaMath becomes a dynamic video game with
feedback of information for the video game for the player. In this sense, the NovaMath video game is adaptable,
and it was developed to be scalable, that is, add more levels and complexity to the exercises, without affecting
the players' history.
The benefits of NovaMath are: improving the academic performance of elementary school students, providing
a dynamic platform that conforms to student performance, and fun.

51

Martínez Osorio et al. / International Journal of Combinatorial Optimization Problems and Informatics, 12(2) 2021, 47-53.

5

References
[1] Aguilar-Moreno, M. (2015). Ulama: past, present and future of Mesoamerican ballgame. Anales de
Antropología. 49(1), 73-112.
[2] Al-Washmi, R., Baines, M., Organ, S., Hopkins, G., and Blanchfield, P. (2014). Mathematics problem
solving through collaboration: Game design and adventure. In Proceedings European Conference on
Games Based Learning (Vol. 1, p. 1). Academic Conferences International Limited.
[3] Bailey, D. L. (2015). An Exploration of an Out-of-School Garden Program: A Case Study of Youth
[adolescents'] Perceptions. Doctoral Thesis, Oregón State University, Oregón State, EUA.
[4] Bakker, M., van den Heuvel-Panhuizen, M., Robitzsch, A. (2015). Effects of playing mathematics
computer games on primary school students’ multiplicative reasoning ability. Contemporary Educational
Psychology, 40, 55-71.
[5] Boyle, E., Connolly, T., Hainey, T., and Boyle, J. (2012). Engagement in digital entertainment games: A
systematic review. Computers in Human Behavior, 28(3), 771-780.
[6] Cahyana, U., Paristiowati, M., Savitri, A., and Hasyrin, N. (2017). Developing and application of mobile
game based learning (m-gbl) for high school students performance in chemistry. Eurasia Journal of
Mathematics, Science and Technology Education, 13(10), 7037-7047.
[7] Chávez, S. and Gazzola, J. (2015). A probable structure for the ball game in the Citadel, Teotihuacan.
Anales de Antropología, 49(1), 113-133.
[8] Chamorro, I. (2010). El juego en la educación infantil y primaria. Autodidacta Revista de la Educación en
Extremadura. 1 (3), 19-37.
[9] Cojocariu, M., and Boghian, I. (2014). Teaching the relevance of game-based learning to preschool and
primary teachers. Procedia-Social and Behavioral Sciences, 142, 640-646.
[10] Connolly, T., Boyle, E., MacArthur, E., Hainey, T., and Boyle, J. (2012). A systematic literature review of
empirical evidence on computer games and serious games. Computers & Education, 59(2), 661-686.
[11] Divjak, B., and Tomic, D. (2011). The impact of game-based learning on the achievement of learning goals
and motivation for learning mathematics-literature review. Journal of Information and Organizational
Sciences, 35(1), 15-30.
[12] Epstein, J. L., and Becker, H. J. (1982). Teachers' reported practices of parent involvement: Problems and
possibilities. The elementary school journal, 83(2), 103-113.
[13] Boyle, E., Connolly, T., Hainey, T., and Boyle, J. (2012). Engagement in digital entertainment games: A
systematic review. Computers in Human Behavior, 28(3), 771-780.
[14] Ferreira, F., and Cavaco, S. (2014). Mathematics for all: A game-based learning environment for visually
impaired students. In Proceedings 2014 IEEE Frontiers in Education Conference (FIE) Proceedings (pp.
1-8). IEEE.
[15] Garcia, I., and Pacheco, C. (2013). A constructivist computational platform to support mathematics
education in elementary school. Computers & Education, 66, 25-39.
[16] Hainey, T., Connolly, T., Boyle, E., Azadegan, A., Wilson, A., Razak, A., and Gray, G. (2014). A
systematic literature review to identify empirical evidence on the use of games-based learning in primary
education for knowledge acquisition and content understanding. In 8th European Conference on Games
Based Learning: ECGBL (p. 167).
[17] Hainey, T., Connolly, T, Boyle, E., Wilson, A., and Razak, A. (2016). A systematic literature review of
games-based learning empirical evidence in primary education. Computers & Education, 102, 202-223.
[18] Hoge, B. (2014). GBL como PBL: Pautas para el aprendizaje basado en juegos en el aula y los centros de
ciencias informales.
[19] Huizinga, J. (2014). Homo Ludens A Study of the Play-Element in Culture. London, United Kingdom: The
Internacional Library of Sociology.
[20] Karafili, M., and Stana, A. (2012). The Learning of Mathematics Supported by GBL–A Novelty for
Albanian Preschool System. Mediterranean Center of Social and Educational Research, 2(3), 297-306.
[21] Kebritchi, M. and Hirumi, A. (2010). The effects of modern mathematics computer games on mathematics
achievement and class motivation. Computer and Education. 55, 427-443.
[22] Kythreotis, A., Pashiardis, P., and Kyriakides, L. (2010). The influence of school leadership styles and
culture on students' achievement in Cyprus primary schools. Journal of Educational Administration, 48(2),
218-240.
[23] Madani, K., Pierce, W., and Mirchi, A. (2017). Serious games on environmental management. Sustainable
Cities and Society, 29: 1-11.
52

Martínez Osorio et al. / International Journal of Combinatorial Optimization Problems and Informatics, 12(2) 2021, 47-53.

[24] Mangowal, G., Yuhana, L., Yuniarno, M., and Purnomo, H. (2017). MathBharata: A serious game for
motivating disabled students to study mathematics. In Proceedings 5th International Conference on
Serious Games and Applications for Health (pp. 1-6). IEEE.
[25] Martínez, S. I., Escorza, Y., and Días, B. Y. (2014). Xbox360-Kinect: herramienta tecnológica aplicada
para el desarrollo de habilidades matemáticas básicas, en alumnos de segundo grado de Educación Básica
en México. 13(2), 103-117.
[26] Miranda, A., and García, L. O. (2015). NUMERICS Videojuego de apoyo para la aritmética. Grado de
licenciatura no publicado, Universidad Autónoma de Ciudad Juárez, Ciudad Juárez, Chihuahua, México.
[27] Naik, N. (2017). The use of GBL to teach mathematics in higher education. Innovations in Education and
Teaching International, 54(3), 238-246.
[28] Papadimitriou, S., and Virvou, M. (2016). An online adventure game for teaching math. In 2016 7th
International Conference on Information, Intelligence, Systems & Applications (IISA) (pp. 1-5). IEEE.
[29] Moral Pérez, M.E., Guzman Duque, A.P. and Fernandez Garcia, L.C. (2018). Game-based learning:
Increasing the logical-mathematical, naturalistic, and linguistic learning levels of primary school
students. Journal of New Approaches in Educational Research (NAER Journal), 7(1), 31-39.
[30] Real Academia Española. (2014). Diccionario de la Lengua Española. (23a ed.). Consultado en:
https://dle.rae.es/.
[31] Rutter, J., y Bryce, J. (2006). Understanding Digital Games. Chennai, India: The Alden Press.
[32] Sahasrabudhe, S., Adeet, S., Thakkar, M., Thakkar, V., y Sridhar, I. (2012). MathMazing: 3D gesture
recognition exergame for arithmetic skills. In Proceedings of the 20th International Conference on
Computers in Education.
[33] Serrano González-Tejero, M., y Pons Parra, M. (2011). El constructivismo hoy: enfoques constructivistas
en educación. Revista electrónica de investigación educativa, 13(1), 1-27.
[34] Zyda, M. (2005). From visual simulation to virtual reality to games. Computer, 38(9), 25-32.

53

