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Abstract

Mechatronics in Agriculture, refers to the integration of mechanical engineering, electronics, control systems,
and computer science in designing and creating intelligent systems. In the context of agriculture, mechatronics
plays a crucial role in automating various processes to improve productivity, efficiency, and sustainability in
farming. By the other hand the teaching of mathematics is an essential component of education, helping students
develop critical thinking, problem-solving, and analytical skills. Regarding the teaching of mathematics,
integrating mechatronics can provide practical applications for mathematical concepts. Mechatronics systems
involve mathematical models, algorithms, and control systems. By incorporating mechatronics projects into
math curricula, students can gain hands-on experience applying mathematical concepts to real-world problems.
This integration can make mathematics more engaging, relevant, and tangible for students, fostering a deeper
understanding and appreciation for the subject. Overall, integrating mechatronics in agriculture not only
improves agricultural practices but also offers opportunities to enhance the teaching of mathematics through
practical applications. The final recommendation is that mechatronics for the teaching of mathematics should be
interrelated with agricultural projects so that students learn in a positive way with contributions to the
community, likewise research in this regard should be promoted since it is null in these topics.
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1. Introduction

Mechatronics in Agriculture, refers to the integration of mechanical engineering, electronics, control systems,
and computer science in designing and creating intelligent systems. In the context of agriculture, mechatronics
plays a crucial role in automating various processes to improve productivity, efficiency, and sustainability in
farming. It involves the use of sensors, actuators, robotics, drones, and precision farming technologies to
optimize tasks such as planting, irrigation, harvesting, and monitoring crop health. Mechatronics in agriculture is
focused on enhancing resource utilization, reducing labor costs, and enabling data-driven decision-making for
farmers. By the other hand the teaching of mathematics is an essential component of education, helping students
develop critical thinking, problem-solving, and analytical skills. Effective mathematics instruction involves
introducing students to foundational concepts and gradually building upon them with hands-on activities,
real-world applications, and interactive learning experiences. It is important to create a supportive learning
environment that encourages student engagement and participation. Additionally, incorporating technology tools
and educational software can enhance mathematical learning and provide opportunities for personalized
instruction. It is crucial for teachers to adapt their teaching methodologies to meet the individual needs and
learning styles of students while making mathematics enjoyable and relatable. The objective of this work is to
show the advantage of interrelating mechatronics for the teaching of mathematics with agricultural projects so
that students learn in a positive way with contributions to the community.

2. Material and Methods
In this work, a semi-systematic review of the literature was carried out, that is, a mixture of narrative review and
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systematic review whose definitions are exemplified by Reyna (2021), and Moreno (2018), since some steps of
the systematic review and others were omitted because the main objective is to highlight the importance of
mechatronics in the teaching of mathematics, the steps that were followed from the systematic review were;
define the research questions, review the search for evidence, extract the data and present the results, the omitted
steps were; specify the inclusion and exclusion criteria of the results and evaluate the quality of the studies. The
search was carried out in academic Google, and the questions were Arduino and Raspberry pi for Teaching
Mathematics, ICT’s in Math Education and Robotics in Mathematics teaching, mechatronics in agriculture and
Arduino agriculture.

3. Results and Discussion
3.1 Mechatronics for Teaching Mathematics

Negrete (2023), it proposes the terminology of educational mechatronics, as it states that mechatronics in
addition to having various applications in other areas such as agriculture Negrete (2015, 2016). Mechatronics is a
valuable tool in mathematics teaching by providing students with interactive and engaging ways to learn
mathematical concepts and principles, so it is necessary to take advantage of them and design new strategies that
integrate them for the good of the teaching of mathematics, this work aims to clarify this situation, since only
tic’s and robotics are talked about in the education of mathematics but you must take advantage of all the
knowledge of mechatronics. There is a difference between mechatronics and robotics, mechatronics seeks to
create all kinds of machines to complement it with human work, while robotics seeks to replace, in the long term,
humans and their tasks so that robots are the ones to do tasks and activities. Robotics is the branch of
Mechatronics Engineering that deals with the design, construction, operation, manufacture and application of
robots. Connecting theory and practice in teaching is sometimes difficult as it requires expensive or delicate
equipment, thus limiting the teacher to giving demonstrations in which students are passive participants. In the
next figure show the relationship between Teaching of Mathematics Mechatronics and the other disciplines,
being so that the branches of mechatronics for the teaching of mathematics would be the following; ICT’s
Teaching of Mathematics, and Teaching of Mathematics Robotics, and the and the disciplines that contribute to
mechatronics for the teaching of mathematics are; Mechatronics, Informatics, Electronics, Simulation Software.

3.1.1 Arduino and Raspberry pi for Teaching Mathematics

Arduino and Raspberry pi can be used as educational tools for teaching mathematics. Arduino is a
microcontroller board used for building electronics projects, while Raspberry Pi is a single-board computer. Both
devices require some level of programming knowledge, which can be a hurdle for students who are new to the
field. The following authors have worked on it Sobota (2013), Serrano (2021), Morén (2019), Mollo (2016),
Herceg (2019).

3.1.2 ICT’S in Math Education

Although the fact that having technologies in the classroom, by itself, does not cause educational changes has
been validated and affirmed, the presence of these means is necessary, Andrade, (2020). The study carried out by
Echegaray (2014) reveals that the more technology education centers have, the greater their use, as well as a
greater change in the didactic method, is evident. Integrating ICT (Information and Communication Technology)
in mathematics education can have several benefits for both teachers and students; Interactive learning,
Collaborative learning, access to resources, Differentiated instruction. Some examples of ICT tools that can be
used in mathematics education are: Graphing calculators and digital math software, educational apps, online
math games and quizzes. This Authors made investigation about this; Maharjan (2022), Keong (2005), Das
(2019), Dockendorff (2017), Ng, W. L., (2009) Lagrange (2003) and Jaffer (2007).

3.1.3 Robotics in Mathematics Teaching

Robotics is a valuable tool for teaching mathematics as it allows students to see the practical applications of
mathematical concepts in real-life situations, students can use robotics to learn about geometry and spatial
reasoning by designing and programming robots to move through specific paths or shapes, in addition also use
robotics to explore algebraic and numerical concepts by programming robots to perform calculations or model
real-world problems. As well, robotics develop problem-solving and critical thinking skills as they design, build,
test, and refine their robots. Overall, incorporating robotics into mathematics education can help make math
more engaging and relevant for students. These authors conducted research related; Zhong (2020), Gerretson
(2008), Felicia (2014), Leoste (2019), Gonzdez (2019), Castro (2022), Alzate (2019), Seckel (2021), Mufbz
(2020), Lopez (2020), Fernandes (2006), Caudana (2019).

3.2 Mechatronics in Agriculture

Agricultural mechatronics term created in 2015 by Negrete, need of some sciences as shown in Figure 1
including; the Agromatics which is the application of the principles and techniques of computer science and
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computer theories and laws of operation and management of the agriculture intended to serve as operational
support in diagnosing problems and in the design and evaluation of alternative solutions. Innovative Agricultural
Mechatronics give to support precision agriculture in the small farm holdings of the developing and the
underdeveloped countries. It should essentially evolve as a branch of agricultural engineering. Precision
agriculture powered by agricultural mechatronics is playing a key role in optimizing agricultural productivity in
the developed countries. To prevent food crisis in the years to come, suitable technology to support precision
agriculture has to be developed in the developing and the underdeveloped countries.

AGRONATES

AGRICULTURAL
i

NECHATRONCS

Figure 1. Diagram with the sciences which cooperate to agricultural mechatronics
Source: From Negrete (2015).

In Mexico, agricultural mechatronics has taken a certain boom from the work of Negrete (2015), (2017), (2020)
managing to achieve that the UACH has created the career of Agricultural Mechatronic Engineer in 2018, for
which the country is a pioneer in this branch of agricultural engineering thanks to this author. Likewise finally
Niels (2019) found that agricultural mechatronics modular-course has a positive effect on students’ learning and
unit course “applications of sensor in agriculture” is popular with students.

4. Discussion

Integrating the teaching of mathematics with mechatronics in agriculture can greatly enhance students’
understanding in both subjects. Here’s how it can be done:

1). Real-life Applications: Provide students with real-life agricultural scenarios where mechatronics technologies
are used. For example, teach them about automated irrigation systems or robotic harvesting machines. Then,
encourage students to apply mathematical concepts such as geometry, algebra, and calculus to analyze and
improve the efficiency of these systems.

2). Data Analysis: In mechatronics, data collection and analysis play a vital role. Students can use mathematical
tools and statistical analysis to interpret the data collected from sensors used in agriculture. They can analyze
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trends, make predictions, and optimize systems based on mathematical models.

3). Problem-solving: Combine mathematical problem-solving techniques with mechatronics challenges.
Encourage students to design and build mechatronic systems to solve agricultural problems. This process will
require them to apply mathematical concepts like trigonometry, kinematics, and optimization to develop
effective solutions.

4). Programming: Mechatronics often involves programming microcontrollers or using software tools. Integrate
mathematical principles like algorithms, logic, and sequences into programming exercises, enabling students to
develop mathematical thinking while working on mechatronic projects.

5). Collaborative Projects: Encourage students to work in teams, where they can apply mathematical concepts to
design, build, and program mechatronic agricultural systems. As they work together, they can learn how each
subject complements the other and gain a holistic understanding of both mathematics and mechatronics.

By integrating mathematics with mechatronics in agriculture, students can see the practical applications of
mathematical concepts, develop problem-solving skills, and gain a deeper understanding of both fields.

5. Conclusions

Integrating mechatronics in agriculture can bring numerous benefits. Mechatronics combines mechanical
engineering, electronics, computer science, and control engineering to create smart and automated systems. By
integrating mechatronics in agriculture, farmers can automate various tasks such as seeding, plant watering,
fertilizer dispensing, crop monitoring, and harvesting. This automation improves efficiency, reduces labor costs,
and optimizes resource utilization. Furthermore, mechatronics can enhance precision agriculture techniques. By
integrating sensors and actuators into agricultural machinery, farmers can collect real-time data related to soil
moisture, temperature, and nutrient levels. This information can be used to make data-driven decisions and apply
inputs precisely, leading to optimized crop growth and yield. Regarding the teaching of mathematics, integrating
mechatronics can provide practical applications for mathematical concepts. Mechatronics systems involve
mathematical models, algorithms, and control systems. By incorporating mechatronics projects into math
curricula, students can gain hands-on experience applying mathematical concepts to real-world problems. This
integration can make mathematics more engaging, relevant, and tangible for students, fostering a deeper
understanding and appreciation for the subject. Overall, integrating mechatronics in agriculture not only
improves agricultural practices but also offers opportunities to enhance the teaching of mathematics through
practical applications. The final recommendation is that mechatronics for the teaching of mathematics should be
interrelated with agricultural projects so that students learn in a positive way with contributions to the
community, likewise research in this regard should be promoted since it is null in these topics.

References

Alzate-Espinoza, J. H. E., Guzmén, A. A., & Madera, V. P. C., (2019). Uso de robot como propuesta I(dica para
la ensefanza de las matemdicas en aulas infantiles. Ra Ximhai: revista cientfica de sociedad, cultura y
desarrollo sostenible, 15(2), 157-171.

Castro, A. N., Aguilera, C. A.,, & Ché&ez, D., (2022). Robdica educativa como herramienta para la
enseranza-aprendizaje de las matemdicas en la formacicn universitaria de profesores de educacicn b&ica
en tiempos de COVID-19. Formacicn universitaria, 15(2), 151-162.

Caudana, E. L., Reyes, G. B., Acevedo, R. G., Ponce, P., Mazon, N., & Hernandez, J. M., (2019, June).
RoboTICs: Implementation of a robotic assistive platform in a mathematics high school class. In 2019
IEEE 28th international symposium on industrial electronics (ISIE) (pp. 1589-1594). IEEE.

Das, K., (2019). Role of ICT for Better Mathematics Teaching. Shanlax International Journal of Education, 7(4),
19-28.

Dockendorff M., Solar H, (2017). ICT integration in mathematics initial teacher training and its impact on
visualization: the case of GeoGebra, International Journal of Mathematical Education in Science and
Technology.

Echegaray, J. P., (2014). ¢Y si ensefamos de otra manera? Competencias digitales para el cambio metodoldyico.
Caracciolos, 2(1).

Felicia, A., & Sharif, S., (2014). A review on educational robotics as assistive tools for learning mathematics and
science. Int. J. Comput. Sci. Trends Technol, 2(2), 62-84.

Fernandes, E., Fermé& E., & Oliveira, R., (2006). Using robots to learn functions in math class. Technology
Revisited, 152.

Gerretson, H., Howes, E., Campbell, S., & Thompson, D., (2008). Interdisciplinary mathematics and science
education through robotics technology: its potential for education for sustainable development (a case study



RESEARCH AND ADVANCES IN EDUCATION JUL. 2023 VOL.2, NO.7

from the USA). Journal of Teacher Education for Sustainability, 10(2008), 32-41.

Gonzdez, J., Morales, I., Mufbz, L., Nielsen, M., & Villarreal, V., (2019, August). Mejorando la ensefnza de la
matemé&iica a traves de la robdica. In Memorias De Congresos UTP (pp. 8-15).

Herceg, ., & Herceg, D., (2019, September). Arduino and numerical mathematics. In Proceedings of the 9th
Balkan Conference on Informatics (pp. 1-6).

Jaffer, S., Ng’ambi, D., & Czerniewicz, L., (2007). The role of ICTs in higher education in South Africa: One
strategy for addressing teaching and learning challenges. International Journal of Education and
Development Using ICT, 3(4), 131-142.

Keong, C. C., Horani, S., & Daniel, J. (2005). A study on the use of ICT in mathematics teaching. Malaysian
Online Journal of Instructional Technology, 2(3), 43-5.

Lagrange, J. B., (2003). Analysing the impact of ICT on mathematics teaching practices. In CERME 3: Third
Conference of the European Society for Research in Mathematics Education, Proceedings of CERME (Vol.
3).

Leoste, J., & Heidmets, M., (2019). The impact of educational robots as learning tools on mathematics learning
outcomes in basic education. In Digital Turn in Schools—Research, Policy, Practice: Proceedings of ICEM
2018 Conference (pp. 203-217). Springer Singapore.

Lopez-Caudana, E., Ramirez-Montoya, M. S., Martnez-Pé&ez, S., & Rodr guez-Abitia, G., (2020). Using
robotics to enhance active learning in mathematics: A multi-scenario study. Mathematics, 8(12), 2163.

Moreno, B., Mufbz, M., Cuellar, J., Domancic, S., & Villanueva, J., (2018). Revisiones Sistemdicas: definicicn
y nociones b&icas. Revista cl fica de periodoncia, implantolog B y rehabilitacién oral, 11(3), 184-186.

Negrete, J. C., (2023). Mechatronics for teaching Mathematics. In press.
Negrete, J. C., (2023). Arduino in Agriculture and teaching Mathematics. In press.

Negrete, J. C., (2020). “Retrospective and Perspectives of Teaching in Machinery, Automation, Mechatronics,
and Agricultural Robotics in Mexico”. EC Agriculture 6.1 (2020), 01-04 (19).

Negrete, J. C., (2016). Robotics in Mexican Agriculture, Current Situation and Perspectives. International
Journal of Horticulture, 6.

Negrete, J. C., (2015). Mechatronics in Mexican agriculture current status and perspectives. SSRG International
Journal of Agriculture & Environmental Science (SSRG-IJAES), 2.

Nien, C. H., Wang, Y. I, Lin, H. Y., & Liao, C. W,, (2019). Study of Learning Effects of Agricultural
Mechatronics Modular-Course on Thematic Practice. International Journal of Information and Education
Technology, 9(5).

Maharjan, M., Dahal, N., & Pant, B. P., (2022). ICTs into mathematical instructions for meaningful teaching and
learning. Advances in Mobile Learning Educational Research, 2(2), 341-350.

Mordn, C., Yedra, E., Ferréndez, D., & Saiz, P., (2019). Application of Arduino for the Teaching of Mathematics
in Primary Education. In ICERI2019 Proceedings (pp. 6316-6321). IATED.

Mollo, L., Bellotti, F., Berta, R., & De Gloria, A., (2016). Building arduino-based tangible serious games for
elementary mathematics and physics. In Games and Learning Alliance: 5th International Conference,
GALA 2016, Utrecht, The Netherlands, December 5-7, 2016, Proceedings 5 (pp. 60-69). Springer
International Publishing.

Mufoz L, Villarreal V, Morales I, Gonzalez J, Nielsen M., (2020). Developing an Interactive Environment
through the Teaching of Mathematics with Small Robots. Sensors, 20(7), 1935.

Ng, W. L., & Leong, Y. H., (2009). Use of ICT in mathematics education in Singapore: Review of research. In K.
Y. Wong, P. Y. Lee, B. Kaur, P. Y. Foong, & S. F. Ng (Eds.), Mathematics education: The Singapore journey
(Series on Mathematics Education, 2, pp. 301-318). Singapore: World Scientific.

Reyna, M. V. S., del Toro, A. V,, Vincent, N. A. M., Amado, F. R, Salazar, M. O. G., Gonzdez, A. M. B, &
Avila, J. M. J., (2021). Revisicn sistemdica: el m& alto nivel de evidencia. Orthotips AMOT, 17(4),
217-221.

Sobota J., PiSI R., Balda P., Schlegel M., (2013) Raspberry Pi and Arduino boards in control education. IFAC
Proceedings Volumes, 46(17).

Seckel, M. J., Breda, A., Font, V., & V&quez, C., (2021). Primary school teachers’ conceptions about the use of
robotics in mathematics. Mathematics, 9(24), 3186.

10



RESEARCH AND ADVANCES IN EDUCATION JUL. 2023 VOL.2, NO.7

Serrano-Perez"E., (2021). Ensefanza de Mé&odos Nume&icos a través de una Herramienta Did&tica Basada En
Arduino. EI Mecanismo de las 4 Barras. Rev. Cubana Fis, 38, 17.

Zhong, B., & Xia, L. (2020). A systematic review on exploring the potential of educational robotics in
mathematics education. International Journal of Science and Mathematics Education, 18, 79-101.

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

1



