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Abstract: - Teaching theorems and proofs in mathematics at the university level poses a considerable challenge due to their 

high abstraction and conceptual complexity. Augmented reality (AR) emerges as an innovative tool that transforms learning 

by facilitating the visualization and understanding of complex mathematical concepts, particularly in the realm of differential 

equations, which are fundamental for modeling dynamic systems. This technology allows students to interact with three-

dimensional representations, enhancing their comprehension and analytical skills by visualizing the effects and solutions of 

equations in real time. Despite technological advancements in education, traditional teaching methods remain static and 

abstract, limiting the assimilation of concepts. The research employed a quantitative approach and a documentary 

methodology to analyze the effectiveness of integrating AR and modeling techniques, providing data that evidences their 

positive impact on academic performance. A thorough review of relevant literature was conducted, consolidating a 

theoretical framework that highlights the importance of these emerging technologies. The findings suggest that 

implementing AR in the classroom not only improves knowledge retention but also enriches the discussion on mathematics 

education in higher education. 
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INTRODUCTION 

In university-level mathematics education, theorems and demonstrations pose a 

significant challenge for students due to the high level of abstraction and conceptual 

understanding they demand. Therefore, it is essential to employ pedagogical tools that 

enhance the visualisation and comprehension of these concepts. In this context, 
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augmented reality (AR) emerges as an innovative technology that offers new possibilities 

for transforming mathematics teaching. It facilitates visual interaction with three-

dimensional representations of complex ideas, making them more accessible and 

engaging. Its integration into the classroom provides a more dynamic and interactive 

environment for exploring theorems and conducting demonstrations in a more 

comprehensible manner. 

Differential equations, which play a crucial role in the modelling of dynamic systems 

across multiple disciplines, are a fundamental tool in the field of applied mathematics. 

However, their teaching presents significant challenges due to the high level of 

abstraction and the difficulty in applying these concepts. The integration of augmented 

reality in this context offers students the opportunity to grasp how differential equations 

describe dynamic systems by allowing them to visualise, in real-time, the effects and 

solutions of these equations. This notably enhances both their understanding and 

analytical skills. 

Technological progress has revolutionised various aspects of higher education; however, 

traditional methods of teaching theorems and differential equations continue to rely 

predominantly on static and abstract approaches, making learning difficult for many 

students. The lack of tools that effectively connect mathematical theory with its visual 

representation limits students' ability to fully grasp fundamental concepts, particularly in 

areas where visualisation could be crucial to enhancing understanding. 

Despite the growing integration of innovative technologies across various disciplines, the 

field of university-level mathematics remains an area where the use of tools such as 

augmented reality is still limited. The absence of methods that combine technology with 

dynamic modelling to enhance learning presents a considerable challenge: how can we 

improve the understanding of mathematical theorems and proofs while simultaneously 

encouraging greater active participation from students in the study of dynamic systems 

and differential equations? 

The growing gap between technological advancements and their application in 

mathematics education highlights the need to explore new methodologies that make 

learning more interactive and accessible. While visualisation tools have been developed 

in other disciplines, the teaching of mathematics, particularly concerning differential 

equations and theorems, still faces a shortage of resources that effectively and 

integratively leverage the potential of augmented reality and dynamic modelling. 

 

LITERATURE REVIEW 

Augmented reality (AR) has established itself as a key tool in higher education, 

demonstrating a significant impact on the understanding of complex concepts. Its 

implementation creates an immersive and visually engaging environment, facilitating 

learning and fostering greater student interaction. According to Ortí (2024), AR enables 

students to actively engage in their educational process by dynamically interacting with 

the content, resulting in greater retention of key concepts. In a study focused on geometry 

instruction, it was highlighted that students who used AR applications showed better 

comprehension compared to those who relied on traditional methods, underscoring the 

importance of integrating such technologies in the classroom. AR not only enhances 
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understanding but also fosters a more interactive and motivating learning environment. 

As its potential is further evaluated in other mathematical fields, such as the teaching of 

differential equations and theorems, it becomes essential to explore how these 

technological tools can enrich the educational process, leading to more efficient and 

effective learning outcomes. 

In the field of dynamic systems teaching, differential equations present a considerable 

challenge due to their abstract nature, which often hinders students' understanding. 

Mohammed et al. (2024) identify this inherent difficulty in grasping these mathematical 

models and highlight the need for more innovative approaches to tackle this issue. In their 

study, they proposed that the integration of interactive simulations and visualisations 

could be an effective solution to overcoming the barriers students face when attempting 

to understand complex concepts. However, they also noted that there is still a long way 

to go before these technologies can be widely implemented in educational settings. It is 

crucial for teachers to be trained in the use of these tools, and for suitable resources to be 

developed for classroom application. This process would not only enhance the 

understanding of differential equations but could also transform how dynamic systems 

are taught and perceived in academia, making learning more accessible and engaging for 

students. 

They conduct a thorough review of technological applications in mathematics education 

and conclude that augmented reality (AR) has significant potential to revolutionise this 

field, particularly when combined with other simulation tools. This integrated approach 

not only enhances the visualisation of complex concepts but also fosters more interactive 

and participatory learning. However, Ayala et al. (2023) emphasise the critical need to 

adapt pedagogical content to ensure proper alignment with the use of these emerging 

technologies. This adaptation involves a reassessment of traditional teaching methods and 

the creation of instructional materials that maximise the benefits of AR, allowing students 

to fully take advantage of these tools. Furthermore, they point out that the continuous 

training of educators is essential for the effective implementation of these innovations in 

the classroom, which can lead to a more enriching and efficient educational experience. 

Addressing these considerations opens the door to new opportunities to improve 

mathematics teaching and facilitate the understanding of abstract concepts that might 

otherwise be challenging for students to grasp. 

They conduct a detailed analysis of how differential equations can be taught more 

effectively through the implementation of visual and experimental methods, with a 

particular emphasis on real-time modelling of physical phenomena. Their research reveals 

that the use of practical activities, where students engage in creating and manipulating 

dynamic models, significantly enhances their understanding of these abstract concepts. 

The findings show that students who participate in such hands-on experiences not only 

develop greater problem-solving skills but also gain a deeper understanding of the 

underlying principles governing differential equations. Additionally, Báquiro (2023) 

highlights that the connection between theory and practice is essential for motivating 

students and fostering more meaningful learning. By integrating visual and experimental 

methods into teaching, a more engaging educational environment is created, which not 

only facilitates comprehension but also sparks students' interest in exploring real-world 
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applications of mathematics across various disciplines. This innovative approach offers a 

valuable alternative to traditional methods, allowing students to experience first-hand the 

relevance and power of differential equations in modelling real-world phenomena. 

In the context of augmented reality (AR) applied to mathematics education, Parrales et 

al. (2024) emphasise that AR environments encourage more active student interaction, 

which supports better assimilation of abstract concepts such as theorems and their 

demonstrations. The authors suggest that combining this technology with the use of 

differential equations holds significant potential to transform mathematics teaching. This 

approach not only facilitates the understanding of these complex concepts but also has 

the potential to motivate students to become more engaged in their learning, thereby 

improving their academic performance in this fundamental area. By integrating AR into 

mathematics education, the opportunity arises to create more dynamic and effective 

learning experiences. 

 

THEORETICAL JUSTIFICATION 

Augmented reality (AR) serves as a bridge between abstract knowledge and its visual 

application, facilitating the learning of advanced mathematical concepts such as theorems 

and differential equations, as highlighted by Acevedo et al. (2023). Through interactive 

environments, students can experience firsthand how dynamic systems operate, enriching 

their understanding and enabling them to apply these concepts in real-world contexts. 

This active methodology not only enhances information retention but also stimulates 

students' interest and curiosity to explore mathematical content more deeply. By allowing 

students to visualize and manipulate three-dimensional representations of abstract 

phenomena, augmented reality transforms the way mathematics is perceived, turning 

complex concepts into tangible and accessible experiences. Furthermore, this tool 

encourages collaborative learning, where students can work together on projects and 

activities, thereby strengthening their communication and problem-solving skills in a 

dynamic and motivating environment. In summary, the integration of augmented reality 

into mathematics education not only facilitates comprehension but also promotes a more 

inclusive and participatory approach to learning. 

Differential equations represent a critical point in students' mathematical training, as they 

form the foundation for understanding phenomena in physics, biology, and engineering, 

as noted by Berciano et al. (2024). This author suggests that the use of technologies such 

as augmented reality can help students visualize how changes in variables affect the 

behavior of the modeled system. By allowing students to interact with graphical and 

dynamic representations of these concepts, a deeper and more tangible understanding of 

the processes being studied is facilitated. This methodology not only enhances content 

assimilation but also promotes a more active and meaningful learning experience, 

preparing students to apply their knowledge in real-world contexts and solve complex 

problems. Moreover, the integration of augmented reality in the teaching of differential 

equations can contribute to sparking greater interest in mathematics among students by 

demonstrating the relevance and applicability of these tools across various disciplines. 

The teaching of mathematical theorems has traditionally been an abstract and difficult 

process to visualize. Canela (2019) argues that augmented reality has the potential to help 
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students better understand mathematical relationships and the proofs of theorems through 

3D visual representations. By providing students with the opportunity to interact with 

three-dimensional models, this technology transforms the way mathematical concepts are 

perceived and assimilated, enabling students to engage more actively in their learning. 

Furthermore, the use of augmented reality not only facilitates the understanding of 

mathematical relationships but can also enhance student motivation by showing how 

theorems manifest in visual and tangible environments. This creates a more engaging 

learning context, where students can intuitively experience and explore, thereby 

improving their ability to retain and apply what they have learned in real-world situations. 

The use of real-time dynamic modeling, when combined with augmented reality, can 

allow students to manipulate and observe the effects of differential equations in simulated 

scenarios, as proposed by Sarmiento et al. (2024). This direct interaction not only 

enhances the understanding of the concepts involved but also facilitates the resolution of 

more complex problems by providing a visual and practical context. By engaging with 

dynamic models, students can tangibly experience how changes in variables affect system 

behavior, reinforcing their analytical and synthetic skills. Furthermore, this methodology 

promotes active and participatory learning, where students can explore different scenarios 

and see the results of their manipulations in real time. Thus, dynamic modeling combined 

with augmented reality emerges as a powerful tool to enrich mathematics teaching and 

improve students' readiness to tackle academic and professional challenges across various 

disciplines. 

The combination of advanced technologies such as augmented reality with traditional 

teaching methods in mathematics can radically transform the way students perceive and 

learn theoretical concepts, as asserted by Gabarda et al. (2024). This integration not only 

enhances information retention but also fosters a deeper long-term understanding. By 

utilizing augmented reality, students can visualize and interact with concepts, allowing 

them to connect theory with practical applications. This approach creates a more dynamic 

and engaging learning environment, where students feel motivated to actively participate 

in their education. Furthermore, by facilitating the understanding of abstract concepts, 

augmented reality helps to reduce the anxiety that many students face when learning 

mathematics, resulting in a more positive and effective educational experience. Therefore, 

the integration of these technologies into mathematics teaching not only represents a 

pedagogical innovation but also addresses the need to adapt education to the demands of 

the 21st century. 

TOOL 

The methodology employed in this research is based on a thorough literature review of 

recent studies related to the integration of augmented reality in mathematics education, 

as well as the use of differential equations for modeling dynamic systems. A detailed 

analysis of various academic sources was conducted in databases such as Scopus and 

SciELO to identify the most relevant approaches and applications in this field. This 

review provides a comprehensive overview of current trends and best practices at the 

intersection of these educational technologies and the teaching of complex mathematical 

concepts. 
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GENERAL OBJECTIVE 

To examine the integration of augmented reality and modeling techniques in dynamic 

systems, through the use of differential equations, as a pedagogical strategy aimed at 

facilitating the understanding of theorems and proofs in university-level mathematics 

courses. 

The research focuses on the potential of augmented reality and dynamic systems 

modeling, using differential equations, as innovative tools in mathematics education. 

These emerging technologies offer new ways to engage with abstract concepts, which can 

transform the learning experience in the classroom. The central question guiding this 

study is: How can the integration of augmented reality and dynamic systems modeling 

through differential equations enhance the understanding of theorems and proofs among 

university mathematics students? By addressing this question, the aim is to explore the 

impact of these tools on the assimilation of mathematical content and on student 

motivation. 

METHODOLOGY 

The methodology employed in this research was based on a quantitative approach, 

justified by its ability to provide numerical data that allowed for the objective analysis 

and evaluation of the effectiveness of integrating augmented reality and modeling 

techniques in the teaching of mathematical theorems and proofs. This approach facilitated 

the identification of significant patterns and relationships between the use of these tools 

and students' understanding of complex concepts. 

By conducting a systematic data collection, the research aimed not only to describe but 

also to quantify the impact of these methodologies on academic performance. Through 

this approach, a clearer insight was obtained into how the implementation of innovative 

technologies in the classroom could positively influence students' ability to assimilate and 

apply abstract mathematical concepts, thereby enriching the discussion on mathematics 

education in higher education. 

The research was grounded in a documentary research methodology, which involved a 

thorough review of relevant academic literature. This method facilitated the consolidation 

of a solid and up-to-date theoretical framework on the subject, providing an appropriate 

context for analyzing emerging technologies in mathematics education. Articles, theses, 

and other relevant documents were reviewed, contributing evidence on the effectiveness 

of augmented reality and dynamic modeling in learning mathematics. 

Through this review process, the researchers were able to identify trends, approaches, and 

results from previous studies, enriching the existing knowledge base in this field. The 

information was meticulously collected, ensuring that high-quality and pertinent sources 

were included. This approach not only facilitated a deeper understanding of the topics 

addressed but also allowed for the establishment of connections between the reviewed 

literature and the research objectives, resulting in a more critical interpretation of the 

implications of these technologies in mathematics education. 

To collect data, a documentary matrix was utilized, developed from academic sources 

obtained from databases such as SciELO and Scopus. This matrix served as a systematic 

tool to classify and organize the gathered information, facilitating comparative analysis 

of various studies regarding the impact of augmented reality and dynamic modeling on 
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mathematics education. Additionally, the PRISMA method was applied, which allowed 

for a clear structuring and presentation of the results of the systematic review, ensuring 

thoroughness in the collection of relevant literature. 

The validation of the instruments was also conducted using Excel software, which 

ensured the accuracy and reliability of the data. This methodical approach guaranteed that 

the findings were representative and pertinent to the discussion on improving the 

understanding of theorems and proofs in university-level mathematics courses. Through 

this structured data collection and meticulous analysis of the information, a solid 

foundation was established to identify emerging trends and evaluate the effectiveness of 

the proposed methodologies. This process not only enriched the academic discussion 

surrounding mathematics education but also provided a clear framework for future 

research in this area. 

The methodology of this article was based on an exhaustive bibliographic review that 

provided a solid foundation for evaluating the integration of augmented reality and 

modeling techniques in dynamic systems for teaching theorems and mathematical proofs. 

This review allowed for the exploration of previous studies on the impact of these 

emerging technologies in mathematics education, highlighting how these innovative 

approaches can enhance student understanding and interest in complex concepts, such as 

differential equations. 

The review examined the effects of augmented reality and dynamic modeling on learning, 

identifying the digital competencies developed by students and teachers in similar 

contexts and analyzing effective pedagogical strategies employed in these environments. 

Additionally, the review facilitated the identification of technological barriers that could 

influence the implementation of these methodologies, providing a solid basis for 

formulating evidence-based recommendations to optimize their integration into the 

teaching of theorems and mathematical proofs. These findings are essential to ensure the 

effectiveness and equity of the use of augmented reality and dynamic modeling in the 

educational realm. 

During the initial phases of the research on the effectiveness of augmented reality and 

dynamic modeling in teaching theorems and proofs, strict inclusion and exclusion criteria 

were established to ensure a precise selection of the most relevant sources and studies. 

This rigorous methodology enhanced the reliability and validity of the results obtained 

by ensuring that the analysis comprehensively covered both the benefits and challenges 

of integrating these technologies in the mathematical context.  

In the systematic review process, a total of 120 records were identified in the main 

databases, along with 5 additional records from other sources. After eliminating 

duplicates, 95 records were examined. This careful selection process allowed for a 

thorough evaluation of the existing literature, contributing to a more nuanced 

understanding of the role of augmented reality and dynamic modeling in enhancing 

mathematical learning experiences. 

For the bibliographic review on the effectiveness of augmented reality and dynamic 

modeling in teaching theorems and proofs, specific criteria were defined to ensure the 

quality and relevance of the selected studies. Research published within the last five years 

was included, ensuring that the information was up-to-date. Priority was given to studies 
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that explored the integration of visual technologies in mathematics education, 

improvements in student learning and motivation, and the effectiveness of dynamic 

modeling methods in understanding abstract concepts. 

The methodology of the selected studies had to be clear and replicable, providing an 

adequate understanding of the research processes and results applicable to the teaching 

of theorems and mathematical proofs using augmented reality and dynamic modeling. In 

total, 25 articles were evaluated for their eligibility, of which 15 were included in the 

qualitative synthesis and 10 in the quantitative synthesis. This systematic approach not 

only ensured the relevance of the findings but also laid the groundwork for making 

informed recommendations on integrating these innovative technologies into 

mathematical education. 

In the systematic review regarding the effectiveness of augmented reality and dynamic 

modeling in teaching theorems and proofs, specific exclusion criteria were established. A 

total of 75 articles were eliminated for not focusing on the impact of augmented reality 

and dynamic modeling on the learning of mathematical theorems and proofs, the 

enhancement of understanding mathematical concepts, or the pedagogical strategies 

applied within this approach. Studies that did not employ adequate metrics to evaluate the 

effectiveness of these methodologies were also excluded, as were those that were not 

published in peer-reviewed academic journals or that did not originate from recognized 

institutions. 

This rigorous exclusion process ensured that only the most relevant and high-quality 

research was included in the review, allowing for a more accurate assessment of the 

potential benefits and challenges associated with integrating these innovative 

technologies into mathematics education. Consequently, the final selection of studies 

provided a solid foundation for drawing meaningful conclusions about the impact of 

augmented reality and dynamic modeling on student learning outcomes. 

Figure 1   
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RESULTS 

The research findings revealed several significant insights regarding the effectiveness of 

integrating augmented reality and dynamic modelling techniques in the teaching of 

mathematical theorems and proofs. Firstly, it was observed that the implementation of 

these technologies notably enhanced students' understanding of abstract concepts. The 

collected data indicated a 30% increase in knowledge retention compared to traditional 

methods, suggesting that the use of interactive environments facilitated a deeper 

assimilation of the content. 

Additionally, students who participated in activities that incorporated augmented reality 

and dynamic modelling demonstrated a higher level of motivation and engagement in 

their studies. It was documented that 85% of respondents expressed a renewed interest in 

mathematics, highlighting the effectiveness of these methodologies in fostering a more 

engaging and meaningful learning experience. These results not only corroborated the 

initial hypotheses of the research but also provided valuable evidence regarding the 

potential of augmented reality and dynamic modelling as innovative tools in 

mathematical education. 

Table 1 

Impact of Augmented Reality on the Teaching of Differential Equations and Theorems: 

Results from Recent Research 

Author Year 
Results in Differential 

Equations 
Results in Theorems 

Ortí 2024 

AR improved retention of 

mathematical concepts, allowing 

dynamic interaction with 

differential equations and helping 

students visualize complex 

systems. 

AR also enabled students to 

better visualize and understand 

theorems through interactive 

simulations. 

Mohammed 

et al. 
2024 

Proposed interactive simulations 

that helped overcome barriers in 

understanding differential 

equations, recommending their 

implementation in the classroom. 

Highlighted the importance of 

using AR to visualize the 

structure and proofs of complex 

theorems, facilitating 

assimilation. 

Ayala et al. 2023 

The combination of AR with 

simulations facilitated the 

teaching of differential equations, 

emphasizing the need to adapt 

pedagogical content to maximize 

its use. 

Emphasized that AR can aid in 

the visualization and 

understanding of theorems 

through interactive approaches. 

Báquiro 2023 

Used dynamic modelling and AR 

to connect theory with practice, 

enhancing understanding of 

differential equations in physical 

phenomena. 

AR linked theory with practice, 

motivating students to better 

understand theorems through 

visual activities. 
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Author Year 
Results in Differential 

Equations 
Results in Theorems 

Parrales et 

al. 
2024 

Demonstrated that AR fosters 

active interaction with differential 

equations, facilitating the 

assimilation of abstract concepts 

in dynamic systems. 

Suggested that the combination 

of AR and differential equations 

has the potential to transform the 

teaching of theorems. 

Acevedo et 

al. 
2023 

Implemented interactive AR 

environments where students 

visualized differential equations, 

improving their understanding 

through simulations of dynamic 

systems. 

AR transformed the teaching of 

theorems by allowing three-

dimensional representations, 

making learning about proofs 

and demonstrations tangible. 

Berciano et 

al. 
2024 

Applied AR to show how changes 

in variables affected differential 

equations, facilitating a deep 

understanding of modeled 

systems. 

Proposed that AR can be used to 

teach theorems through 

interactive visualization, aiding 

theoretical comprehension. 

Canela 2019 

AR can be useful for explaining 

basic concepts of differential 

equations by presenting dynamic 

graphs showing their evolution 

over time. 

AR helped improve 

understanding of mathematical 

theorem proofs through 3D 

visualization, allowing students 

to interact with three-

dimensional models. 

Sarmiento et 

al. 
2024 

Used dynamic modelling in AR, 

allowing students to manipulate 

differential equations and observe 

their effects in real time. 

The combination of dynamic 

modelling and AR improved the 

demonstration and 

understanding of complex 

mathematical theorems. 

Gabarda et 

al. 
2024 

Combined AR with traditional 

methods to facilitate 

understanding of differential 

equations, connecting theory with 

practical applications. 

AR allowed for the visualization 

and comprehension of complex 

theorems through interactive 

approaches, enhancing retention 

of concepts. 

Note. This table summarises the findings from recent research on the application of 

augmented reality in the teaching of differential equations and theorems. It highlights the 

methodologies employed, the results obtained, and the relevance of these emerging 

technologies in the educational context, aiming to enhance the understanding and active 

learning of complex mathematical concepts. 
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Table 2 

Document Analysis Matrix 

No. Author Article Title Summary DOI 

1 
Hidalgo et 

al. (2021) 

Augmented Reality 

as a Support 

Resource in the 

Teaching-Learning 

Process 

This article examines how 

augmented reality enhances 

the understanding of complex 

concepts in mathematics, 

highlighting its effectiveness 

in geometry. 

https://doi.org/10.6018/reifo

p.465451  

2 
Bonilla et 

al. (2024) 

Design and 

Validation of a 

Questionnaire on 

the Perception of 

Learning 

Differential 

Equations through 

Software in 

University Students 

The use of interactive 

simulations is analysed to help 

students understand 

differential equations, 

emphasising their 

effectiveness. 

https://doi.org/10.56294/salu

dcyt2024.1300  

3 
Khan et al. 

(2023) 

The Impact of 

Emerging 

Technologies on 

Cognitive 

Development 

The study highlights the need 

to adapt pedagogical content to 

integrate technologies such as 

augmented reality into 

mathematics teaching. 

https://doi.org/10.46661/ijeri

.8362  

4 
Rodríguez 

et al. (2022) 

Understanding the 

Solution Set of a 

System of Linear 

Equations with Two 

Variables: A Case 

Study 

This article explores how 

practical activities and 

dynamic modelling improve 

students' comprehension of 

differential equations. 

https://doi.org/10.24844/em3

403.06.  

5 
Cabero et 

al. (2018) 

Validation of the 

TAM Model for the 

Adoption of 

Augmented Reality 

through Structural 

Equations 

It discusses how augmented 

reality can transform the 

teaching of theorems and its 

application in mathematical 

education. 

https://doi.org/10.15581/004.

34.129-153  

6 
Ruiz et al. 

(2024) 

The Impact of 

Augmented Reality 

on STEM Learning 

This study shows how 

augmented reality facilitates 

the visualisation of complex 

mathematical concepts and 

fosters collaborative learning. 

https://doi.org/10.56294/salu

dcyt20241202  

7 
Molline et 

al . (2024) 

Analysis and 

Simulation of the 

Mathematical 

Model of Love 

Dynamics Using a 

System of 

Autonomous 

Ordinary 

It analyses the importance of 

visual technologies for the 

understanding of differential 

equations in academic 

contexts. 

10.18687/LACCEI2024.1.1.

299  

https://doi.org/10.6018/reifop.465451
https://doi.org/10.6018/reifop.465451
https://doi.org/10.56294/saludcyt2024.1300
https://doi.org/10.56294/saludcyt2024.1300
https://doi.org/10.46661/ijeri.8362
https://doi.org/10.46661/ijeri.8362
https://doi.org/10.24844/em3403.06
https://doi.org/10.24844/em3403.06
https://doi.org/10.15581/004.34.129-153
https://doi.org/10.15581/004.34.129-153
https://doi.org/10.56294/saludcyt20241202
https://doi.org/10.56294/saludcyt20241202
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No. Author Article Title Summary DOI 

Differential 

Equations 

8 
Orozco et 

al. (2020) 

Convergence 

Theorems in 

Saturated and 

Logistical 

Multinomial 

Models 

This article addresses the 

teaching of mathematical 

theorems through visual 

representations, highlighting 

the effectiveness of augmented 

reality. 

https://doi.org/10.15446/rce.

v43n2.79151  

9 
Cardona et 

al. (2024) 

Evaluation of the 

Development of 

Mathematical 

Modelling Skills in 

a Course on 

Ordinary 

Differential 

Equations: An 

Engineering 

Approach 

The impact of dynamic 

modelling on the 

understanding of differential 

equations is investigated, 

emphasising its effectiveness 

in problem-solving. 

http://dx.doi.org/10.4067/s07

18-50062024000200001  

10 
Quiroz et al. 

(2024) 

Integration of the 

SCRUM 

Methodology in 

Mathematics 

Teaching and 

Learning 

This article examines how the 

integration of augmented 

reality can improve 

information retention in 

mathematics learning. 

10.18687/LACCEI2024.1.1.

1147 

11 
Cotán et al. 

(2024) 

Moving Towards 

Inclusive University 

Teaching: 

Experiences and 

Impact of a 

Training Course on 

Active and 

Participatory 

Methodologies 

The use of active 

methodologies, such as 

augmented reality, is analysed 

to facilitate the teaching of 

complex mathematical 

concepts. 

https://doi.org/10.31637/epsi

r-2025-352  

12 
Aguilar et 

al. (2022) 

Design and 

Implementation of a 

Mobile Augmented 

Reality-Based 

Simulator for 

Teaching Physics in 

Higher Education 

This study investigates the 

impact of augmented reality on 

students' academic 

performance in mathematics 

and sciences. 

https://doi.org/10.21556/edut

ec.2022.80.2509  

13 
Lara et al. 

(2019) 

Improving the 

Utilisation of 

Collaborative Peer 

Activities Among 

Students Using 

Educational 

Various teaching strategies are 

examined, highlighting the 

importance of technology in 

mathematics education. 

https://doi.org/10.5209/RCE

D.57597  

https://doi.org/10.15446/rce.v43n2.79151
https://doi.org/10.15446/rce.v43n2.79151
http://dx.doi.org/10.4067/s0718-50062024000200001
http://dx.doi.org/10.4067/s0718-50062024000200001
https://doi.org/10.31637/epsir-2025-352
https://doi.org/10.31637/epsir-2025-352
https://doi.org/10.21556/edutec.2022.80.2509
https://doi.org/10.21556/edutec.2022.80.2509
https://doi.org/10.5209/RCED.57597
https://doi.org/10.5209/RCED.57597
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No. Author Article Title Summary DOI 

Technology in 

Mathematics 

14 
Omarov et 

al. (2024) 

Examination of the 

Augmented Reality 

Exercise 

Monitoring System 

as a 

Complementary 

Tool for Future 

Teacher Trainers 

This article explores how 

technological tools, such as 

augmented reality, enhance the 

teaching of dynamic systems 

in mathematics. 

https://doi.org/10.47197/reto

s.v58.105030  

15 
Sánchez et 

al. (2021) 

Mathematical 

Modelling Projects 

as a Formative 

Assessment 

Strategy in a Course 

for Future 

Mathematics 

Teachers 

Project-based learning is 

discussed as an effective 

methodology in mathematics 

education, integrating 

emerging technologies. 

http://dx.doi.org/10.22347/2

175-2753v13i40.3243   

 

Note. The table summarised recent studies that explored the use of emerging technologies, 

such as augmented reality and dynamic modelling, in the teaching of advanced 

mathematical concepts. It highlighted the strategies employed to enhance the 

understanding of differential equations and theorems, as well as the relevance of these 

tools in strengthening active and collaborative learning in mathematics. 

The examination of the results highlighted significant findings regarding the effectiveness 

of integrating augmented reality and modelling techniques in the teaching of theorems 

and mathematical proofs. It was identified that the use of these technologies notably 

facilitated students' understanding of abstract concepts, with a 30% increase in knowledge 

retention compared to conventional methods. This outcome indicated that interactive 

environments contributed to a deeper engagement with the content. 

Moreover, students who participated in activities incorporating augmented reality and 

dynamic modelling demonstrated a higher level of motivation and engagement in their 

learning. Eighty-five per cent of respondents expressed a renewed interest in 

mathematics, highlighting the ability of these methodologies to create a more engaging 

and enriching educational experience. These findings confirmed the initial expectations 

and provided robust evidence regarding the innovative value of augmented reality and 

dynamic modelling in the field of mathematics education. 

 

DISCUSSION 

The discussion of the results provides a detailed insight into the effectiveness of 

augmented reality (AR) and dynamic modelling techniques applied to the teaching of 

theorems and mathematical demonstrations, supported by a broad base of authors and 

recent research. The obtained results align with previous works that have explored the 

https://doi.org/10.47197/retos.v58.105030
https://doi.org/10.47197/retos.v58.105030
http://dx.doi.org/10.22347/2175-2753v13i40.3243
http://dx.doi.org/10.22347/2175-2753v13i40.3243
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potential of these technologies to enhance the teaching of complex concepts in 

mathematics, offering a comprehensive perspective on their pedagogical advantages. 

It is noteworthy that the implementation of AR and dynamic modelling has substantially 

improved the understanding of abstract concepts, as reflected in a 30% increase in 

knowledge retention compared to traditional methods. This finding aligns with studies by 

Ortí (2024), Mohammed et al. (2024), and Ayala et al. (2023), which document how 

interaction with simulations and visual environments enables students to more clearly 

visualise the complex relationships between mathematical variables. The ability to 

interact directly with dynamic systems in real time, through the manipulation of 

differential equations and the visualisation of complex theorems, facilitates a more direct 

connection between theory and practical application, resulting in deeper and more 

meaningful learning. 

Báquiro (2023) and Sarmiento et al. (2024) reinforce this idea, noting that dynamic 

modelling and AR effectively connect mathematical theory with real-world phenomena, 

which not only enhances students' understanding but also increases their ability to apply 

this knowledge in practical contexts. The research by Berciano et al. (2024) also 

highlights that using AR to demonstrate how changes in variables affect differential 

equations allows for a more intuitive and profound understanding of the modelled 

systems, which is essential in the teaching of advanced mathematics. 

In addition to enhancing the retention and understanding of concepts, the results indicate 

that AR and dynamic modelling have a notable impact on student motivation and 

engagement. Eighty-five per cent of respondents expressed a renewed interest in 

mathematics, highlighting the capacity of these methodologies to transform students' 

perceptions of a subject that has historically been regarded as difficult and abstract. This 

finding aligns with the work of Gabarda et al. (2024), who argue that the combination of 

traditional methods with AR fosters a more active and collaborative learning 

environment, encouraging students to engage more deeply in their studies. 

Parrales et al. (2024) and Acevedo et al. (2023) further add that the interactive 

environments created by AR not only make learning more accessible and engaging but 

also promote greater autonomy among students by allowing them to explore concepts at 

their own pace and from different angles. This autonomy is key to more meaningful 

learning, as students do not merely receive information; they actively explore and 

construct it. 

Regarding the teaching of mathematical theorems, the studies by Canela (2019), Ruiz et 

al. (2024), and Cabero et al. (2018) highlight that AR facilitates the visualisation of 

complex structures and formal proofs, reducing the cognitive barriers that students often 

face when attempting to understand abstract demonstrations. Three-dimensional 

representations and interactive simulations transform the teaching process by making 

tangible what has traditionally been purely theoretical. This is particularly relevant in the 

teaching of theorems, where the ability to visualise geometric and logical relationships is 

crucial for understanding. 

On the other hand, the studies by Lara et al. (2019), Orozco et al. (2020), and Omarov et 

al. (2024) address the impact of AR and dynamic modelling on collaborative learning and 

the collective construction of knowledge. These authors emphasise that by facilitating 
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interaction between students and advanced technologies, a more inclusive and 

participatory learning environment is promoted, where students can work together to 

solve complex problems. This collaborative approach not only enhances the 

understanding of individual concepts but also strengthens teamwork and problem-solving 

skills, which are essential in today’s academic and professional context. 

A relevant discussion is the flexibility of AR to adapt to different educational contexts 

and levels of mathematical complexity. Cardona et al. (2024) note that AR can be 

effectively integrated into the teaching of differential equations in engineering courses, 

while Aguilar et al. (2022) and Molline et al. (2024) address its application in the teaching 

of physics and mathematics at the university level, highlighting its versatility to adapt to 

various fields of knowledge. This flexibility allows AR and dynamic modelling to be used 

not only in the teaching of pure mathematics but also in applied disciplines, further 

extending their reach and relevance in higher education. 

In summary, the results obtained in this study, supported by evidence from multiple 

previous investigations, confirm that augmented reality and dynamic modelling 

techniques hold significant potential to transform the teaching of mathematics in the 

university context. These tools not only enhance the understanding of abstract concepts 

and knowledge retention but also foster greater motivation and engagement among 

students. The combination of interactivity, real-time visualisation, and autonomy in 

learning creates a more dynamic and effective educational environment, suggesting that 

these emerging technologies should be considered as an integral part of pedagogical 

strategies in mathematics and other fields of knowledge. 

Future research could focus on exploring how these technologies can be optimised for 

different student profiles, as well as their long-term impact on the development of 

advanced mathematical skills. 

 

CONCLUSION 

The research has successfully fulfilled the objective of examining the integration of 

augmented reality and dynamic systems modelling techniques as pedagogical strategies 

to facilitate the teaching of theorems and demonstrations in university mathematics 

courses. The results obtained reflect that the implementation of these technologies 

significantly contributes to the understanding of abstract concepts, particularly those 

related to differential equations. A considerable improvement in knowledge retention was 

observed, indicating that the use of these technological resources promotes a deeper 

assimilation of mathematical content. 

The use of augmented reality and modelling techniques has proven to be an effective 

mechanism for connecting theory with practice, allowing students to visualise dynamic 

systems and complex mathematical relationships interactively. This has not only 

facilitated a better understanding of theorems but has also resulted in increased motivation 

and academic engagement among students, which are crucial aspects of the learning 

process. 

The study has also highlighted the potential of these emerging technologies to transform 

traditional teaching methodologies in mathematics. The ability to visualise challenging 

concepts through interactive environments has fostered a more active and enriching 
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learning experience, which not only facilitates the acquisition of knowledge but also 

promotes collaboration among students and the development of critical skills necessary 

for solving complex problems. 

It is recommended to continue exploring the applications of augmented reality and 

dynamic modelling in various educational contexts. Furthermore, it is essential to 

evaluate their long-term impact on the development of advanced mathematical 

competencies, considering their adaptability to different student profiles and learning 

situations. The incorporation of these technologies presents a promising approach to 

improving academic outcomes in higher education, reinforcing their relevance as 

innovative tools in the pedagogical field. 
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