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Abstract. This study addresses the implementation of robotics applications in the teaching of mathematics and its impact 
on the attitudes of students and teachers in elementary schools in Cúcuta, Colombia. Through a mixed methodology 
combining quantitative and qualitative approaches, 120 teachers and 300 students participated. The quantitative results 
reveal that, after 12 weeks of using robotics applications, 75% of teachers considered robotics as an effective tool for 
teaching mathematics, compared to 40% prior to the intervention. Also, students experienced a significant improvement in 
their attitude towards mathematics, with a 50% to 20% reduction in insecurity about mathematical concepts and a 65% 
increase in motivation and enjoyment of learning. Qualitative analysis showed that robotics facilitates understanding of 
abstract concepts and fosters active and collaborative learning, although some teachers faced initial technical barriers. 
Despite these difficulties, teachers reported that robotics promotes key skills such as problem solving and teamwork, even 
in educational contexts with limited resources. Statistical analysis, based on t-tests and ANOVA, indicated that differences 
in perceptions and attitudes before and after implementation were statistically significant (p < 0.01), with no notable 
differences between school types. These results suggest that robotics is effective in a variety of educational contexts, 
regardless of school type. In conclusion, this research demonstrates that educational robotics can transform mathematics 
instruction, improving both academic outcomes and student motivation. The findings suggest that robotics should be 
integrated into the mathematics curriculum at the national level, accompanied by teacher training programs that address 
technical and pedagogical challenges. In addition, future studies are recommended to assess the long-term impact of 
robotics on students' academic and emotional performance, and how it can contribute to reducing educational gaps. 

INTRODUCTION  
 

The use of robotics applications in primary education has gained prominence as an innovative tool that facilitates 
the teaching of complex concepts and promotes the development of technological skills among students. 
Educational robotics provides a practical and playful approach that can attract students to areas of knowledge they 
traditionally find difficult or uninteresting, such as mathematics and science. This approach is based on the need 
to transform traditional teaching practices in mathematics by integrating technology that prepares students for the 
demands of the 21st century [1, 2]. This study expands the existing knowledge on robotics in primary education 
by specifically evaluating the impact of robotics on mathematical problem-solving skills. Unlike previous studies 
that have primarily focused on programming and design skills [3], our approach is on how these skills directly 
influence mathematical learning, a less explored area. Additionally, the study includes a longitudinal evaluation 
that allows for the observation of changes in student attitudes over time, providing a more dynamic view compared 
to typical cross-sectional studies in this field [4]. 

The incorporation of emerging technologies in the classroom not only modernizes pedagogical methods but also 
responds to the growing demand for technological skills in the labor market. Additionally, educational robotics 
can play a crucial role in reducing the digital divide, providing students from diverse socioeconomic backgrounds 
with access to advanced technological tools, thereby improving educational equity [5, 6]. In this context, this 
study will explore how the use of robotics applications in mathematics influences primary students' attitudes 
towards mathematics. Previous research has demonstrated improvements in academic performance in STEM 
using educational robotics but has overlooked the specific cultural and socioeconomic context of less developed 
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regions [7]. Our research addresses this gap by implementing and evaluating educational robotics in Cúcuta, 
Colombia, where technological resources and teacher training may be limited. This perspective is crucial, as 
studies such as those by [8] suggest that results can vary significantly in environments with different levels of 
access to technology. 

Research has shown that the integration of educational robotics not only enhances students' mathematical 
competencies but also promotes essential skills such as problem-solving, collaborative work, and creativity [9, 
10]. These benefits are particularly relevant in an educational environment where the ability to think critically, 
work in teams, and tackle complex challenges with innovative solutions is increasingly valued. Drawing on the 
findings of [11], which highlight how robotics can enhance student engagement in mathematics, this study delves 
into how such engagement translates into concrete improvements in performance and attitudes towards 
mathematics. Additionally, the inclusion of a qualitative component provides a deeper understanding of how 
students and teachers perceive and adapt to robotics in the classroom, responding to the call from [12] for studies 
that combine research methods for a more comprehensive evaluation of the educational impact of technology. 

Evaluating students' attitudes towards mathematics after using these applications will provide valuable insights 
into the effectiveness of these technological tools in the teaching-learning process. Previous studies indicate that 
robotics applications in education significantly improve students' attitudes towards STEM subjects (science, 
technology, engineering, and mathematics) and increase their motivation and academic performance [13, 14]. 
These results suggest that educational robotics can be an effective pedagogical strategy to engage students and 
improve their academic outcomes in mathematics. 

Furthermore, the implementation of robotics in the classroom can offer teachers new perspectives and tools to 
innovate their teaching methods. By integrating robotics, teachers can develop more dynamic and interactive 
lessons, which may lead to greater student participation and enthusiasm. Therefore, this research will focus not 
only on the impact on students but also on how teachers perceive and adopt these technologies, which is crucial 
for the long-term success of any educational innovation [15]. The objectives of this study are to describe teachers' 
perceptions of the use of robotics applications in mathematics teaching, to evaluate the attitude towards 
mathematics of fifth-grade students after using a mathematics robotics app, and to identify effective strategies for 
teaching mathematics using robotics applications. 

 

METHODOLOGY 
 

This study employs a mixed-methods approach, combining quantitative and qualitative methods to gain a 
comprehensive understanding of the impact of robotics applications on mathematics education and students' 
attitudes towards mathematics [16]. 

Quantitative Phase: In the quantitative phase, surveys will be conducted with teachers to identify their 
conceptions and attitudes towards the use of educational robotics. A questionnaire will be developed based on 
previous studies on the integration of technology in education [17, 18]. The participants will be primary school 
teachers from various schools in Cúcuta, Colombia. A stratified random sampling method will be used to ensure 
the representativeness of different types of schools (public, private, rural, urban). The surveys will be administered 
both online and in person, ensuring the voluntary and anonymous participation of the teachers. To ensure the 
validity and reliability of the questionnaires, they will be adapted to the local context of Cúcuta and a pilot test 
will be conducted. 

Additionally, pre- and post-implementation questionnaires will be used to assess students' attitudes towards 
mathematics before and after the implementation of the mathematics robotics app. The instrument will be a 
validated questionnaire used in studies on attitudes towards mathematics and educational technology [14]. The 
participants will be primary school students from the city of Cúcuta, selected through simple random sampling. 
The questionnaires will be administered before starting the use of the mathematics robotics app and after a 12-
week implementation period. Parental informed consent and the confidentiality of the students' data will be 
ensured. 

Qualitative Phase: In the qualitative phase, interviews will be conducted with teachers to gain an in-depth 
understanding of how they perceive the integration of robotics applications in classrooms and their impact on 
students' learning and attitudes. Semi-structured interviews will be conducted with teachers [1, 19]. The 
participants will be primary school teachers who will use the mathematics robotics app, selected through purposive 
sampling. The interviews will be conducted at the end of the implementation period, focusing on the teachers' 
experiences with the robotics app. The interviews will cover topics such as the effectiveness of the applications, 
challenges encountered, and perceptions of the impact on students. Informed consent will be obtained, and the 
confidentiality of the data will be ensured. To maintain confidentiality and efficiently organize data collected from 
multiple interviews, we developed specific nomenclature to identify participants. Each teacher was identified 
using the initials “P” for “Teacher,” followed by a number representing his or her interview sequence and a 
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location identifier: “U” for urban and “R” for rural. For example, P1U represents Teacher 1 in an urban school, 
and P2R represents Teacher 2 in a rural school. This nomenclature allowed us to categorize and analyze the 
responses more efficiently while preserving the anonymity of the participants. 

Data Analysis: For data analysis, in the quantitative phase, statistical software such as SPSS will be used. 
Techniques will include descriptive analysis, paired-sample t-tests to compare pre- and post-implementation 
attitudes, and analysis of variance (ANOVA) to identify significant differences between groups. Measures will be 
included to check for normality and homogeneity of variances, and non-parametric tests will be employed if these 
assumptions are not met [20]. 

In the qualitative phase, qualitative analysis software Atlas.Ti will be used. The techniques will include thematic 
coding in the interviews to identify patterns and emerging categories related to the perception and use of robotics 
in teaching [21]. A data triangulation process will be employed to integrate the quantitative and qualitative 
findings, ensuring a coherent and comprehensive interpretation of the results [22]. 

Ethical Considerations: Informed consent will be obtained from all participants, ensuring the confidentiality and 
anonymity of the data [23]. Clear procedures will be implemented for the secure storage and handling of the 
collected information. 

Limitations and Biases: The possible limitations of the study, such as response biases and sample 
representativeness, will be acknowledged. Strategies to mitigate these biases will be described, and the discussion 
will include how these limitations may influence the interpretation of the results [24]. 

 

RESULTS 
 

Quantitative Phase 

In the quantitative phase of this research, structured surveys were conducted both before and after the 
implementation of an educational robotics program among 120 teachers and 300 elementary school students in 
Cúcuta, Colombia. The data collection was designed to explore how perceptions and attitudes towards 
mathematics could be influenced by the use of robotics technologies, with the objective of obtaining a detailed 
description of teachers' and students' conceptions regarding the use of robotics applications in mathematics 
teaching.  

 

Quantitative Results of Teachers  

 

Initially, only 40% of the teachers surveyed considered robotics to be an effective tool for teaching mathematics. 
However, after 12 weeks of interaction with robotics applications in the classroom, the percentage increased to 
75%. This change suggests a significant acceptance and recognition of the pedagogical value of robotics for 
teaching complex mathematical concepts. This finding is in line with the observations of [17, 18], who note that 
understanding these perceptions is crucial for designing teacher training programs that effectively address the 
needs and concerns of educators, ensuring the successful and sustainable implementation of educational robotics.   

 

Student Quantitative Results 

 

Prior to the introduction of robotics, 50% of the students expressed insecurity in their ability to understand and 
apply mathematical concepts. This percentage decreased to 20% after implementation, while 65% reported an 
increase in motivation and enjoyment of mathematics. These results support the research of [11], who argues that 
robotics promotes active learning and increases students' motivation and interest in science and mathematics 
subjects. Furthermore, [8] explores how educational robotics can act as a catalyst to improve academic 
performance in mathematics by providing a more engaging and hands-on learning environment. 
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Statistical Analysis 

 

To assess the statistical significance of the observed changes in teachers' and students' perceptions of robotics as 
an educational tool, t-tests for related samples were performed. These tests compared pre- and post-
implementation responses, and the results confirmed that the differences in perceptions before and after the 
intervention were statistically significant (t(299) = 5.87, p < 0.01). This analysis showed a significant increase in 
the positive perception towards robotics among both teachers and students, which supports the idea that the use 
of innovative educational technology produces a considerable change in participants' attitudes and confidence, as 
also noted by [25]. This result is aligned with the detailed focus on t-tests and ANOVA offered by [20], who 
highlights the importance of these tests in educational research to ensure the robustness of the results. 

To provide a more comprehensive assessment of the impact of robotics on mathematics education across various 
school settings, SPSS software was used to perform an analysis of variance (ANOVA). This statistical method 
was crucial to compare the responses of teachers and students from different types of schools: public, private, 
rural and urban. The ANOVA was designed to identify whether the differences in the perception and adoption of 
educational robotics among the various groups were statistically significant. Independent groups were configured 
based on school type, and responses were analyzed before and after implementation of the robotics program. To 
ensure the robustness of the results, Bonferroni adjustment was employed, as suggested by [26], to control for 
Type I error rate in multiple comparisons. 

ANOVA results revealed no statistically significant differences between the responses of teachers and students 
from different types of schools (F (3,416) = 0.85, p = 0.47), indicating that the perception and adoption of robotics 
did not vary significantly by school setting. This finding suggests that the effectiveness of educational robotics is 
uniform and not conditioned by factors such as school type, which reinforces its ability to integrate effectively in 
diverse educational contexts, as noted by [16] in highlighting the importance of mixed methods in educational 
research. 

Finally, additional analyses were performed to examine normality and homogeneity of variance using the 
Shapiro-Wilk and Levene tests, respectively, confirming that the parametric assumptions were appropriate for the 
t-tests and ANOVAs used. These tests are essential to ensure the validity of statistical analyses, as highlighted by 
[27], who provide detailed guidelines on the use of these analyses in educational contexts. The results support the 
conclusion that educational robotics has a significant positive impact on teacher and student perception and 
adoption, regardless of the type of school, which reinforces its applicability in different school contexts, as 
suggested by [28] in their analysis on the power of educational interventions. 

Qualitative Phase 

 

Results of Teacher Interviews 

 

During the qualitative phase of the study, semi-structured interviews were conducted with 30 teachers who 
implemented mathematical robotics applications in their classrooms. These interviews revealed several key 
themes that highlight both the opportunities and challenges associated with integrating robotics into mathematics 
instruction. Most teachers, such as P1U from an urban school, reported significant improvements in the 
explanation of complex mathematical concepts and an increase in student engagement, noting that “robotics has 
transformed the way I teach mathematics. Students are more engaged and excited, often asking how they can use 
what they learn in real projects.” This perception was echoed by P2U, who observed that “robotics has introduced 
a new dimension to our curriculum that goes beyond improving grades,” facilitating a deep and applied 
understanding of mathematics, as suggested by research in [8], which highlights how robotics promotes the 
development of critical and collaborative thinking skills essential for STEM learning. 

However, some technical challenges and learning curves were also evident. P1R from a rural school mentioned 
that “the main barrier was technological, as we did not have enough resources at the beginning,” although with 
trainings and adjustments they were able to effectively integrate robotics. This initial challenge is consistent with 
the study by [29], which highlights lack of prior training as a significant barrier in implementing robotics in 
educational settings. P2R added that “adapting my lessons to include robotics was a challenge, but the effects 
have been remarkable,” highlighting how students who used to struggle are now thriving, which also fosters self-
esteem and curiosity in their students, aligning with the research of [12], who state that robotics facilitates more 
inclusive and motivating learning. 

P3U highlighted specific benefits for students with learning difficulties, stating that “robotics has been 
especially helpful for students with learning difficulties, providing an interactive medium that enhances their 
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understanding and retention of mathematical concepts.” These direct experiences of teachers are in line with the 
research of [12, 8], who highlight that robotics can transform the classroom by providing tangible contexts for 
mathematical and scientific exploration, and foster critical thinking skills and teamwork, essential for STEM 
learning. Despite initial challenges, overcoming these challenges often led to increased confidence and ability to 
teach with innovative technologies, demonstrating that robotics not only captures students' interest, but also 
facilitates a deeper understanding of abstract concepts through physical manipulation and direct experimentation. 

   

DISCUSSION 
 

The integration of educational robotics as a pedagogical tool in mathematics classrooms can significantly 
transform educational practices by fostering a more interactive and motivating learning environment. Robotics 
allows students to learn in a hands-on and playful way, which not only increases their interest and understanding 
of complex mathematical concepts, but also promotes essential skills such as problem solving and collaboration, 
which are indispensable in today's world [19, 30]. These innovative approaches not only benefit students, but also 
bring new perspectives for teachers, who can design more dynamic and interactive lessons that increase student 
engagement. 

Assessing students' attitudes toward mathematics after using robotics applications provides valuable information 
about the effectiveness of these technologies. If the results show an improvement in attitudes and performance, as 
observed in the analyses conducted, this could justify the wider adoption of educational robotics in the school 
curriculum. The data obtained allow not only to improve pedagogical applications and strategies, but also to ensure 
that the positive impact on student learning is maximized [31]. 

In this sense, quantitative results show how the implementation of these tools has significantly improved 
students' and teachers' perceptions towards mathematics. As previous studies by [32] suggest, technological 
interventions in STEM have consistent and positive impacts in diverse educational settings, underscoring the 
relevance of policies that promote the integration of robotics at a broader curricular level. 

From the teachers' experiences and suggestions, as well as from the observations made during the study, effective 
didactic strategies that integrate robotics applications in mathematics teaching were identified. These strategies, 
as pointed out by [1, 19], provide a solid foundation for future teacher training programs in educational 
technology. These practices promote pedagogical adaptation to diverse educational contexts, which is essential to 
ensure the sustainability of technological innovations in teaching. 

Qualitative results also reinforce the perception that educational robotics fosters a more motivating and inclusive 
learning environment. Teacher observation indicates significant improvements in student collaboration, a skill 
highlighted in the research of [8], who highlights how robotics fosters critical thinking and teamwork skills 
essential for learning in STEM. 

The detailed and robust analysis of both quantitative and qualitative findings provides a clear picture that 
educational robotics not only improves the perception towards mathematics, but also has a positive impact on the 
overall attitude of students and teachers. This finding is crucial, as it demonstrates the universality of robotics as 
an effective pedagogical tool, regardless of socioeconomic or infrastructural variables. As [3] argues, the inherent 
flexibility of robotics allows its adaptation to diverse pedagogical and cultural needs, which is particularly 
valuable in resource-limited environments or in rural contexts where educational innovation can be a key factor 
in overcoming structural challenges. 

Going forward, it would be beneficial to conduct longitudinal studies that evaluate the long-term effects of 
robotics on students' academic and emotional outcomes, in addition to exploring how teacher training strategies 
can be optimized to maximize the benefits observed in this study. Further research could examine the impact of 
educational robotics on equity of opportunity, as studies such as those in [33] suggest that educational technologies 
have the potential to close educational gaps between different socioeconomic groups, particularly in STEM 
education. 

The uniform impact of robotics in different types of schools, as observed in quantitative analyses, reinforces the 
idea that educational technologies can offer equal solutions in mathematics education. Studies such as those in 
[34, 35] have highlighted the importance of integrating technological tools such as robotics into curricula not only 
to improve academic performance, but also to foster critical thinking and problem-solving skills. This suggests 
that educational policies should prioritize the integration of robotics in the mathematics curriculum at a general 
level, not only in urban schools or schools with greater resources, but also in rural contexts and those with fewer 
technological opportunities.  
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CONCLUSION 
 

Research has demonstrated the transformative potential of educational robotics in mathematics education. The 
integration of robotics applications in the classroom not only facilitates a more interactive and motivating learning 
experience, but also promotes essential skills such as problem solving, critical thinking and teamwork. The results 
of the study, both quantitative and qualitative, reveal that robotics can significantly improve students' perception 
and attitude towards mathematics, reinforcing the idea that educational technology should occupy a central place 
in today's curricula. 

Quantitative findings show that the implementation of these technologies significantly improves both teachers' 
and students' perception of mathematics. This improvement in attitude and performance justifies the wider 
adoption of educational robotics in mathematics curricula. Furthermore, the data collected provide a solid basis 
for adjusting and improving pedagogical strategies and robotics applications, ensuring that the positive impact on 
student learning is optimized. 

Qualitatively, teacher observations highlight the ability of robotics to foster student collaboration and 
engagement. This more motivating and inclusive learning environment suggests that educational policies should 
consider integrating robotics as a pedagogical tool that can be used in a wide range of contexts, including those 
with limited or rural resources. The flexibility of robotics allows its adaptation to diverse pedagogical and cultural 
needs, making this technology a key factor in overcoming structural challenges in education. 

The results of this research have important implications for the design of teacher training programs. The didactic 
strategies identified provide a solid foundation for future training initiatives in educational technology. It is crucial 
that these innovative pedagogical practices be adapted to diverse educational contexts, thus ensuring the 
sustainability of technological innovations in mathematics education. 

This study underscores the need for educational policies that prioritize the integration of robotics into the broader 
mathematics curriculum. The positive impact of robotics in different types of schools supports the idea that 
educational technologies can offer egalitarian solutions in education. This approach could help close educational 
gaps between different socioeconomic groups, particularly in STEM education. 

In the future, it would be beneficial to conduct longitudinal studies to assess the long-term effects of robotics on 
students' academic performance and emotional development. In addition, it is recommended to explore how 
teacher training strategies can be optimized to maximize the benefits observed in this study. Further research could 
examine the impact of robotics on equity of opportunity, as evidence suggests that these technologies can be a 
key tool for improving education in diverse contexts. 

In conclusion, this study makes a significant contribution by providing empirical evidence on the benefits of 
educational robotics in mathematics learning. Not only have these technologies been shown to improve students' 
academic outcomes, but they also transform the way teaching and learning occurs in classrooms. This 
technological approach should be considered a key strategy in future educational policies, given its potential to 
improve both student achievement and essential skills in an increasingly digital world. 
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