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ABSTRACT

Introduction: educational robotics was consolidated as a key tool in STEM education (Science, Technology,
Engineering, and Mathematics), by fostering technical, cognitive, and socio-emotional skills in students.
Objective: this study aimed to conduct a systematic review of approaches and trends in the use of educational
robotics within STEM learning contexts, incorporating a perspective focused on educational management.
Method: a structured literature review methodology was applied, using recognized academic databases to
identify relevant studies published between 2020 and 2024. The analysis included implementation strategies,
technological tools, pedagogical models, reported benefits, and challenges.

Results: the findings showed that educational robotics strengthened computational thinking, problem-solving
abilities, student motivation, and collaborative learning. However, persistent challenges were identified,
such as unequal access to technology, the need for teacher training, and the lack of unified curricular
standards, which posed significant issues for institutional management.

Conclusions: it was concluded that, in addition to constructivist and inquiry-based learning approaches,
emerging trends included the integration of artificial intelligence and adaptive learning environments. The
findings provided valuable insights for school leaders, educators, and researchers interested in incorporating
educational robotics in STEM contexts from a strategic management perspective.

Keywords: Collaborative Learning; Digital Skills; Educational Management; Pedagogical Innovation;
Computational Thinking; Educational Technologies.

RESUMEN

Introduccion: la robotica educativa se consolidé como una herramienta clave en la educacion STEM (Ciencia,
Tecnologia, Ingenieria y Matematicas), al fomentar habilidades técnicas, cognitivas y socioemocionales en
los estudiantes.

Objetivo: este estudio tuvo como objetivo realizar una revision sistematica sobre los enfoques y tendencias
en el uso de la robodtica educativa dentro del contexto del aprendizaje STEM, incorporando una perspectiva
desde la gestion educativa.

Método: se aplico una metodologia de revision estructurada de la literatura, utilizando bases de datos
académicas reconocidas para identificar estudios relevantes publicados entre 2020 y 2024. Se analizaron
estrategias de implementacion, herramientas tecnologicas, modelos pedagogicos, beneficios y desafios
reportados en los articulos seleccionados.

Resultados: los resultados evidenciaron que la robotica educativa fortalecio el pensamiento computacional,
las habilidades de resolucion de problemas, la motivacion estudiantil y el aprendizaje colaborativo. Asimismo,
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se identificaron obstaculos persistentes como el acceso desigual a la tecnologia, la necesidad de formacion
docente y la ausencia de estandares curriculares, los cuales representaron retos clave para la gestion
institucional.

Conclusiones: se concluyé que, ademas de los enfoques constructivistas y de aprendizaje basado en la
indagacion, emergieron tendencias como la integracion de inteligencia artificial y entornos adaptativos. Los
hallazgos aportaron elementos valiosos para directivos, docentes e investigadores interesados en integrar la
robotica educativa en contextos STEM desde una perspectiva de innovacion y gestion estratégica.

Palabras clave: Aprendizaje Colaborativo; Competencias Digitales; Gestion Educativa; Innovacion Pedagogica;
Pensamiento Computacional; Tecnologias Educativas.

INTRODUCTION

Educational robotics has been consolidated as a necessary tool in the teaching of STEM (Science,
Technology, Engineering, and Mathematics) disciplines, promoting the development of technical, cognitive, and
socioemotional skills in students.” Their integration into educational environments has improved computational
thinking, problem-solving, and creativity and fostered collaborative work, essential skills for the 21st century.®

In recent decades, interest in STEM education has grown exponentially, driven by the need to train
professionals capable of meeting the challenges of digital transformation and automation. Organizations
such as the National Science Foundation (NSF) and the Institute of Electrical and Electronics Engineers (IEEE)
have promoted research that explores innovative methodologies to strengthen learning in these areas.® In
this context, educational robotics has been widely studied as a didactic resource that can improve academic
performance and student motivation.

Despite technological advances, its implementation still faces limitations related to unequal access to
resources, poor teacher training, and the absence of standardized curriculum policies.® These factors generate
challenges and controversies around its viability on a large scale. Likewise, the diversity of pedagogical
approaches to its application raises questions about the most appropriate models for integrating robotics into
learning.®

From a historical perspective, robotics is a discipline that emerged in the 1960s. Due to limited access to
knowledge and technology was initially linked to experts and engineers.®

Today, its inclusion in educational processes responds to the demands of an expanding digital culture,
allowing students to develop competencies to face real problems and promote their active integration in
society.?

Authors such as Pérez-Acosta et al.® conceive educational robotics as an active, interdisciplinary learning
process mediated by electronic elements and software that promotes the development of applied skills in
STEM fields and beyond. Studies highlighting how it improves abstraction and complex problem-solving® and
strengthens motivation even in traditionally complex areas such as mathematics and physics.®

Technological progress has allowed educational robotics to evolve from basic construction kits to platforms
integrating sensors, visual programming, and artificial intelligence, generating new possibilities for personalized
learning. This has been reinforced by incorporating technologies such as machine learning and intelligent
assistants, which favor adaptive environments.'” However, they also debate ethics, privacy, and institutional
management.

On the other hand, research by Aparicio Gomez!"" has shown that robotics can reduce the gender gap
in access to STEM disciplines. At the same time, recent studies show that its inclusion from early stages
helps to combat demotivation in these areas, developing students’ skills such as algorithmic thinking, pattern
abstraction, and process debugging.?)

Given this scenario, this article aims to systematically review approaches and trends in educational robotics
within the context of STEM education, also considering their implications for academic management. The
analysis identifies the predominant pedagogical models, the technological tools employed, the implementation
strategies, and the main benefits and challenges reported in recent scientific literature.

The scope of the study is limited to research published between 2020 and 2024 in recognized academic
databases. The article is organized into six sections: Section 1 presents the introduction and contextualization
of the problem; Section 2 presents the literature review related to educational robotics and its link to STEM
learning; Section 3 describes the methodology used for the systematic review; Section 4 presents and analyses
the results, integrating their discussion from an educational management perspective; section 5 presents the
main conclusions and proposes future research directions; and section 6 states the source of funding for the
study.
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Literature review

Educational robotics has become a key pedagogical resource for strengthening teaching-learning processes,
particularly in STEM (Science, Technology, Engineering, and Mathematics) education. Its implementation
responds to the need to generate active learning environments that foster 21st-century skills, such as critical
thinking, problem-solving, creativity, and teamwork.("® From a theoretical perspective, educational robotics
is based on constructivist and socio-constructivist approaches, where learning is built on interaction with the
environment, collaboration between peers, and the resolution of real challenges. Pedagogical models such as
project-based learning (PBL), problem-based learning (PBL), and discovery learning have been widely used to
integrate robotics in the classroom. (4

Regarding the disciplinary framework, STEM education seeks to develop transversal competencies that
enable students to apply scientific and technological knowledge in practical situations. Robotics, by integrating
electronics, mechanics, programming, and logic, aligns with the purposes of STEM education, allowing students
to experiment with creative solutions to real-world challenges.

Several studies have pointed out that using robotics in educational contexts improves academic performance,
increases motivation, and favors students’ active participation, especially in traditionally complex subjects.
Moreover, educational robotics has been used to reduce the gender gap in STEM by generating more inclusive
and egalitarian spaces. (¥

However, implementing robotics in the classroom presents significant challenges related to infrastructure,
teacher training, and curriculum integration. The lack of technological resources, especially in rural or low-
income areas, limits equitable access to these learning experiences.” Also, many teachers lack the technical
and pedagogical preparation to effectively integrate robotics into their classes.®

In this context, educational management emerges as a key factor to ensure the sustainability and
effectiveness of educational robotics strategies. Institutional decision-making, curriculum planning, investment
in infrastructure, and teacher training must be considered from a managerial perspective to achieve meaningful
implementation. Finally, recent trends in the literature highlight the incorporation of emerging technologies
such as artificial intelligence, augmented reality, and adaptive environments, which expand the possibilities of
educational robotics and require new competencies from teachers and managers.??

METHOD

This systematic literature review on the use of educational robotics in STEM learning was carried out using
a rigorous and structured methodological approach, following previous studies’ guidelines.?" The Rayyan tool
managed and screened articles, facilitating the selection process and reducing bias through an anonymous
review based on previously defined inclusion and exclusion criteria.

This review aims to examine the methodological and pedagogical strategies employed in educational
robotics, identify their benefits and challenges in educational contexts, and analyze their contribution to the
development of computational thinking, problem-solving, and motivation in STEM learning.

The methodological process was carried out in five main stages, which are presented in figure 1. These
stages include planning the review, identifying sources, selecting studies, content analysis, and synthesis of
findings. Each of these will be explained in detail in the following subsections to provide a clear overview of
the procedure followed in this research

Figure 1. Stages of the systematic review methodological process

Research questions

The review was structured around six key questions formulated based on the PICO model and its variant
PIPOH. It is widely used in systematic reviews to delimit the research elements precisely. These questions
guided the analysis and allowed for a comprehensive view of the field:

This study aims to provide a comprehensive view of the impact of educational robotics on STEM learning
through a systematic review of the scientific literature. To this end, a series of fundamental questions were
formulated to structure the analysis of the most relevant publications in the field. These questions seek to
identify predominant approaches, benefits, and challenges, as well as tools and methodologies used in integrating
educational robotics within the STEM curriculum.From this premise, the following research questions guided
the development of the study:

e RQ1: What are the predominant approaches in implementing educational robotics in STEM
education?
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¢ RQ2: What benefits and challenges have been reported in using educational robotics for learning
STEM disciplines?

¢ RQ3: What tools and technology platforms are most frequently employed in educational robotics-
based teaching?

e RQ4: What pedagogical strategies are used to integrate educational robotics into the STEM
curriculum?

e RQ5: What are the current trends in research on educational robotics applied to STEM?

e RQ6: Are there methodological models or good practices identified in the literature for teaching
STEM through educational robotics?

To ensure a structured approach to formulating these questions, we used the PICO (Population, Intervention,
Comparison, and Outcomes) model with its variant PIPOH (Carrizo & Moller, 2018). This methodology is widely
used in systematic reviews, as it allows us to precisely define the key elements of the research.

Table 1 presents the description of the criteria used in the construction of the analysis framework:

Table 1. Definition of concepts

Criteria Description

Population Teaching/learning in the context of STEM
education with robotics educative

Intervention Implementation of educational robotics,
pedagogical strategies, technological tools
and teaching/learning methodologies.

Results Scientific publications (articles, books,
conferences) addressing studies on STEM
teaching/learning with educational robotics.

Professionals Educators, researchers and specialists in
STEM education and educational robotics.

Context Academic and educational field at different
levels of education.

Search

Search terms were established at this stage to identify relevant scientific articles and studies for the
systematic review. These criteria are formulated to ensure comprehensive and up-to-date coverage of the
literature related to educational robotics and its impact on STEM education. Priority was given to including
rigorous, scientifically validated papers published in high-impact sources.

Key terms, along with their synonyms and related concepts, were defined to structure the search strategy.
These terms were selected based on previous studies on educational robotics and STEM learning, ensuring a
comprehensive collection of available information. Table 2 presents the main terms used in the query and the
filters applied in the search process

Table 2. Term, synonyms and filters to compose the search string

Main terms Synonyms/ Related

Educational Robotics Learning Robotics, Robotics in Education

STEM Education Science, Technology, Engineering, Mathematics
Education

Computational Thinking Problem-solving skills, Logical Reasoning,
Algorithmic Thinking

Pedagogical Strategies Teaching Methods, Instructional Approaches

Learning Outcomes Academic Performance, Student Engagement

From these terms, the following search string was constructed to ensure that the most relevant studies were
identified:

(‘Educational Robotics’ OR ‘Learning Robotics’ OR ‘Robotics in Education’)

AND (‘STEM Education’ OR ‘Science Technology Engineering Mathematics’)

AND (‘Computational Thinking’ OR ‘Problem-Solving Skills’ OR ‘Algorithmic Thinking’).

The search was carried out in scientific databases of international prestige, including IEEE Xplore, Scopus,
Web of Science, ACM Digital Library, and ScienceDirect.
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These databases were selected due to their broad coverage in education, technology, and engineering,
which allowed the collection of relevant and methodologically sound studies for the analysis.

Selection

A detailed evaluation process was carried out to ensure the quality and relevance of the studies included in
this systematic review. Key aspects such as title, keywords, abstract, introduction, background, state-of-the-
art, methodology, results, and conclusions were analyzed during the article selection process.

To ensure that the selected studies were relevant and methodologically rigorous, inclusion and exclusion
criteria were established to guide the literature filtering process:

Table 3. Number of primary studies obtained

Databases Quantity
IEEE Xplore 15
ACM Digital Library 98
Scopus 285
Web of Sciencie 114
Total 512

Inclusion Criteria ()
e I1: articles published within the last five (5) years to ensure up-to-date information.
e 12: the most recent version was selected in case of multiple publications derived from the same
study.
e I3: only articles with access to the full text were included.

Exclusion Criteria (E)
e E1: technical papers, conference abstracts, or presentations without formal academic development
were excluded.
e E2: only publications in English or Spanish were considered for ease of analysis.
e E3: studies that did not directly address educational robotics and its application in STEM education
were excluded.

The selection process was carried out in three stages:
¢ Elimination of duplicate studies to avoid redundancies in the review.
¢ Reading the title and abstract to discard articles not meeting the inclusion criteria.
e Complete the text review to ensure the content’s relevance and depth about the study objectives.

At the initial stage, 512 articles were identified through the search of the selected databases. After applying
the selection criteria, the final number of papers considered for analysis was 58 studies. Table 3 presents the
breakdown of the studies retrieved from each database.

Quality assessment

An assessment process based on seven key criteria was carried out to ensure the reliability and relevance of
the studies included in this review. Firstly, the provenance of the sources was considered, prioritizing articles
published in indexed journals and high-impact conferences. In addition, the relevance of the content was
assessed, verifying that the studies were directly related to educational robotics and its integration into STEM
education.

Another key aspect was the study’s impact, which was analyzed by analyzing its citation level and recognition
within the scientific community. The clarity of the research objectives was also reviewed, ensuring the questions
were precise and relevant.

In addition, the study’s context was examined, identifying whether the research focused on primary,
secondary, higher education, or extracurricular settings. Methodological soundness was also assessed,
considering the coherence and validity of the research design employed.

Finally, the data treatment and analysis rigor was analyzed, verifying that the results were presented with
sufficient evidence and scientific substantiation. These criteria are aligned with the principles of planning,
organization, and control in quality management?® ensuring a rigorous selection of the most relevant scientific
literature for this review.

In addition, the quality assessment process involved the detailed reading and analysis of the 58 selected
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studies. During this stage, several actions were taken, including eliminating duplicate articles, excluding
documents that could not be downloaded, and strictly applying the previously defined inclusion and exclusion
criteria. This procedure ensured that only the most relevant and scientifically validated studies were considered
for analysis.

Table 4 summarizes the search and selection process, detailing the number of articles identified in each
database, the number of papers eliminated because they were duplicates or did not meet the inclusion criteria,
and the total number of relevant studies included in the review.

Table 4. Quality assessment in search and selection processes

Result Files Archive Archives

LA B search duplicates Excluded relevant LEIFE SRS
Educational 15 2 6 7 IEEE
robotics and STEM Xplore
. 98 10 58 20 ACM
Technologies and Digital
tools Library
285 70 157 20 Scopus
114 15 89 11 Web of
Science
Total 512 97 310 58

RESULTS AND DISCUSSION

This section presents and discusses the findings from the systematic literature review on educational
robotics in the STEM context. Various pedagogical approaches, benefits and challenges, technological tools,
and emerging strategies have been identified that shape the current landscape of this line of research.

Predominant approaches to the implementation of educational robotics in STEM

The studies reviewed coincide in pointing out that educational robotics has been implemented with active
and interdisciplinary pedagogical approaches, mainly Project Based Learning (PBL), Collaborative Learning,
Problem-Based Learning (PBL), and gamification.® These methodologies favor the development of not only
technical skills in students but also soft skills such as communication, teamwork, and creativity.

PBL stands out as the most widely used approach, allowing the integration of concepts from different STEM
disciplines through projects focused on building and programming robots. Recent studies have shown that this
approach improves students’ motivation and critical thinking.?> In a complementary way, collaborative learning
reinforces the social dimension of the educational process, allowing the joint construction of knowledge®®
which coincides with the current trend of promoting peer learning in technological contexts.

PBL, on the other hand, encourages real-world problem-solving through the application of technical
knowledge, increasing students’ autonomy and their ability to transfer what they learn to authentic contexts.
@) Gamification is a complementary approach that encourages active participation by introducing game
mechanics, significantly increasing motivation and engagement. @

These approaches evidence a transition from traditional methods to more dynamic and learner-centered
models, supporting the effectiveness of robotics as a mediator of active learning in the STEM area.

Benefits and challenges in the implementation of educational robotics in STEM

The benefits of educational robotics in STEM are multiple and widely documented. Exposing stuents to
programming logic and algorithmic design processes highlights its role in developing computational thinking.
Furthermore, its positive effect on student motivation has been proven, especially at educational levels where
interest in science wanes.(?

Likewise, educational robotics boosts creativity and innovation in problem-solving, offering spaces for
experimentation and design in which students propose original solutions.? These characteristics position
robotics as an ideal tool for promoting key 21st-century skills in school contexts.

However, these benefits are limited by important challenges. One of the most recurrent is the lack of
teacher training in educational robotics. The literature shows that many educators do not have sufficient
technical and methodological training, which affects the quality of implementation. This finding reflects the
need to strengthen initial and continuous teacher training in digital and pedagogical skills related to robotics.

Another obstacle identified is the scarce inclusion of robotics in official curricula, which hinders its systematic
integration. The lack of institutional guidelines and resistance to methodological change prevent robotics
from establishing itself as a sustained practice. In addition, a marked inequality in access to technological
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resources persists between institutions, especially between rural and urban areas, which deepens the digital
divide and limits equity in STEM education.®

Technological tools and platforms used

The systematic review identified the technological tools and platforms most commonly used in STEM
education with educational robotics. These tools facilitate the acquisition of programming, electronics, and
automation skills, offering students interactive and dynamic environments for problem-solving.

One of the most widely used resources in STEM education with robotics is visual programming platforms,
such as Scratch, Blockly, and MakeCode.%

These tools allow students to program robots using graphical blocks instead of traditional lines of code,
which facilitates the understanding of algorithmic and logical concepts from an early age.®" In addition,
these platforms encourage creativity and experimentation, as students can develop customized projects and
intuitively iterate on their designs.

Educational robotics kits represent another key category in STEM education. Among the most commonly
used are LEGO Mindstorms, Arduino, Raspberry Pi, and VEX Robotics. These kits provide physical components,
such as sensors, motors, and electronic boards, which students can assemble and program to build functional
robots. Robotics kits encourage hands-on learning and the development of engineering skills, as they allow
students to tackle real problems and apply knowledge of electronics, mechanics, and programming in an
integrated way.®? Moreover, the versatility of these kits allows their use at different educational levels, from
primary to university, adapting to different degrees of complexity.

In addition, several robotics simulation platforms, such as Tinkercad, VEXcode VR, and Robot Virtual Worlds,
have been identified, allowing students to program and test robots in virtual environments without needing
physical hardware. These platforms are beneficial in contexts where access to robotics kits is limited, as
they provide learning experiences similar to those of programming and controlling physical robots; the use
of robotics simulators improves accessibility to STEM education and allows students to experiment with robot
programming in a safe environment without high costs.®¥ In addition, simulators facilitate debugging errors and
optimizing algorithms before implementing programs on real robots.

Finally, the studies analyzed highlight the use of traditional programming languages, such as Python, C++,
and JavaScript, in teaching educational robotics. These languages are widely used in academic and professional
environments, allowing students to develop advanced programming skills with practical applications in the
technology industry. According to Garcia Rodriguez et al.®% Python is especially popular in robotics education
due to its simple syntax and compatibility with platforms such as Raspberry Pi and Arduino, which facilitates
the transition from visual programming to text-based coding languages. >

Pedagogical strategies in the integration of educational robotics in STEM

The implementation of educational robotics in STEM has been accompanied by various pedagogical strategies
that seek to maximize learning and the acquisition of key competencies in science, technology, engineering,
and mathematics. These strategies allow not only the appropriation of technical knowledge but also the
development of transversal skills such as critical thinking, creativity, and teamwork.®?

One of the most prominent strategies in integrating educational robotics is using active methodologies,
particularly challenge-based learning. This methodology poses real or simulated problem situations in which
students must design, build, and program robots to solve them; according to Pacheco et al.?® challenge-
based learning favors students’ motivation and autonomy by involving them in projects where they apply STEM
knowledge in meaningful contexts. In addition, it fosters the development of computational thinking and
problem-solving skills, as students must analyze, devise solutions, and optimize their designs iteratively.

Another key strategy is the implementation of blended learning environments, which combine face-to-face
sessions with virtual activities. This modality allows for greater flexibility in teaching educational robotics, as
students can develop part of the learning in digital environments, using simulators and online programming
platforms, and then apply this knowledge in face-to-face activities with robotics kits. The blended model
facilitates the personalization of learning and improves access to technological resources, especially in
contexts where physical infrastructure is limited. Combining hands-on and virtual experiences allows students
to strengthen their programming and problem-solving skills more effectively.

Formative assessment and self-assessment through digital portfolios is another relevant strategy in teaching
educational robotics. In this approach, students document their learning process through digital records,
including designs, programming codes, reflections, and evidence of their robotic projects. The use of digital
portfolios not only allows teachers to track students’ progress in more detail but also fosters self-regulation of
learning by having students reflect on their achievements and areas for improvement.

Implementing educational strategies that guide the student to acquire better learning is an effective way
to achieve adequate pedagogical development. Nowadays, the constructivist paradigm seems to be a tool that
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helps the teacher develop indisputable profiles and competencies for ‘Learning by doing. ¢ It has been shown
that the best way to ‘not forget’ and acquire a better understanding of something is achieved when it is built
up gradually as opposed to something that is visualized globally.?”

For this reason, teaching and implementing educational robotics in the classroom have acquired great
importance in developing essential skills such as logical thinking, critical thinking, and problem-solving by
using creativity. Education experts have shown that integrating educational units into the curriculum allows
students to acquire and interact with abstract concepts tangibly, observing their behavior in different situations.
Additionally, implementing this strategy facilitates understanding complex issues, such as the different
concepts necessary for creating technological solutions or the design of engineering schemes, which, through
the manipulation of robots, become more motivating and easier to assimilate.

The use of robotic elements in the classroom encourages active and collaborative learning, allowing each
member to work as a team and investigate strategies to design, build, and program robots that perform specific
tasks necessary to solve a previously analyzed difficulty. This technique helps develop technical and soft skills
such as communication, teamwork, and leadership. Moreover, the ease of adaptation of educational robotics to
different educational levels, including primary and university, strengthens and helps teachers in their training
work by making many challenges suitable for each stage of learning

Current trends in STEM educational robotics research

Research in educational robotics within the STEM field has experienced significant growth in recent years,
driven by technological advances and new pedagogical methodologies. One of the most relevant trends is
integrating artificial intelligence (Al) in educational robots, which improves interaction with students and adapts
learning experiences to their individual needs. Recent studies have shown that the use of Al in educational
robotics not only facilitates the personalization of learning but also fosters the development of advanced
cognitive skills, such as critical thinking and problem-solving.

Another emerging trend is using social and humanoid robots in educational settings. Research has shown
that these robots can play a key role in teaching, as they offer more natural and motivating interactions for
students, encouraging active learning and participation in STEM activities.® Humanoid robots have been used
in various disciplines, from teaching programming to developing social and emotional competencies in the
classroom.®

Furthermore, research has gained ground on integrating augmented reality (AR) and virtual reality (VR)
in educational robotics. These technologies allow the simulation of complex environments and situations,
facilitating experiential learning and experimentation in scenarios that are difficult to replicate physically.
Several studies have reported that using AR and VR in STEM education increases students’ motivation and
improves their understanding of abstract concepts and their ability to solve problems in real contexts.

Finally, a key aspect of current trends is the expansion of inclusion programs that seek to bring educational
robotics to communities with limited access to technology.® The implementation of initiatives that promote
equity in STEM education has proven to be critical in bridging the digital divide and encouraging the participation
of groups historically underrepresented in these disciplines. Recent research has highlighted the importance
of providing access to technological tools and resources in schools with fewer opportunities, as this not only
improves students’ learning but also strengthens their interest in science and technology careers.?

The findings of this systematic review reflect the growing importance of educational robotics in STEM
education. Evidence suggests that its implementation favors the development of technical and transversal
skills essential in the digital age. However, despite the reported benefits, there are still barriers to access to
technology, teacher training, and curriculum standardization.

Further research is needed on effective pedagogical models and implementation strategies to maximize
the impact of educational robotics in STEM. In addition, it is recommended that public policies and funding
programs be strengthened to reduce the digital divide and ensure equitable access to these technologies. ®

CONCLUSIONS

The systematic review shows that educational robotics has been consolidated as an effective pedagogical
strategy for strengthening STEM skills at various educational levels. The predominant methodological approaches,
such as project-based learning (PBL), collaborative learning, problem-based learning (PBL), and gamification,
have shown positive results in motivation, active participation, and meaningful understanding of scientific and
technological concepts by students.

Multiple benefits of their implementation are also highlighted, including the development of computational
thinking, creativity, innovation, and the ability to solve real problems. These achievements are closely linked to
the possibility of working with interactive technologies that allow for direct experimentation, both individually
and collectively.

However, important challenges have also been identified, such as teacher training, the scarce curricular

https://doi.org/10.56294/dm2025843


https://doi.org/10.56294/dm2025843

9 Ramos Rivadeneira DX, et al

inclusion of educational robotics, and the technological gap between educational institutions. These obstacles
limit the scope and sustainability of robotics programs in diverse educational settings.

The technological tools used, such as visual programming platforms (Scratch, Blockly), robotics kits (LEGO,
Arduino, VEX), and virtual simulators (Tinkercad, VEXcode VR), play a fundamental role in the effective
implementation of these strategies, facilitating the appropriation of technical knowledge and transversal skills
in students.

In summary, educational robotics in STEM represents an innovative teaching medium and a transformative
opportunity to face the challenges of the 21st century in scientific and technological education. However, its
consolidation as a transversal strategy depends on institutional will, investment in infrastructure, and, above
all, the strengthening of teaching skills.
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