Universidad Pablo de Olavide (Esparia) )\
International Journal of Educational Research and Innovation

ndmero 24, 2025

ISSN: 2386-4303

DOI: 10.46661/ijeri.11217
Seccion: Articulos

ieC‘btidgi 03;3"6]20220425 INTERNATIONAL JOURNAL OF EDUCATIONAL

ceptado: 08-01-

Bueado: 00-00-0000 RESEARCH AND INNOVATI(?N

Péginqs: 1-16 REVISTA INTERNACIONAL DE IA!VESTIGACION
EINNOVACION EDUCATIVA

El Metaverso en la Educacion STEM: Evaluacion interactiva
con circuitos electronicos y Arduino mediado por
Inteligencia Artificial

The Metaverse in STEM Education: Interactive Assessment
with Electronic Circuits and Arduino mediated by Artificial
Intelligence

Oscar Bedoya-Cano
Universidad Pontificia Bolivariana, Colombia
oscar.bedoya@upb.edu.co

José-Antonio Marin-Marin
Universidad de Granada
https://orcid.org/0000-0001-8623-4796
jmarin@ugr.es

José-Jesus Sdnchez-Amate
Universidad de Almeria
https://orcid.org/0000-0003-0124-4579
jsa8l9@ual.es

Jesus Loépez-Belmonte
Universidad de Granada
https://orcid.org/0000-0003-0823-3370
jesuslopez@ugr.es

RESUMEN

Las teorias de aprendizaje que se fundamentan en la prdctica y la experiencia
se enriquecen con las nuevas formas de virtualidad, que abren un abanico de
posibilidades pedagdgicas en entornos digitales mediados por la inteligencia
artificial. Estas teorias destacan la importancia de una comprension efectiva de
los fenbmenos a través de la evidencia del aprendizaje, en donde la evaluaciéon
desempena un rol esencial. En este contexto, la representacion y simulacion de
procesos se convierten en recursos pedagdgicos de gran valor, integrdndose como
elementos clave en los ejercicios de aula. Este articulo describe el desarrollo y
aplicacién de un conjunto de prdcticas enfocadas en circuitos electronicos utilizando
la plataforma educativa de metaverso CoSpaces. La propuesta se presenta como
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una alternativa de evaluacion practica que explora el potencial de los entornos
virtuales para fomentar el aprendizaje experiencial y la adquisicién de competencias
en electrénica, permitiendo que los estudiantes interactien con circuitos simulados
de manera inmersiva. Finalmente, se ofrecen diversas implicaciones teéricas y
prdcticas derivadas de este trabajo.
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ABSTRACT

Learning theories that are based on practice and experience are enriched by new
forms of virtuality, which open up a range of pedagogical possibilities in digital
environments mediated by artificial intelligence. These theories highlight the
importance of an effective understanding of phenomena through learning evidence,
where assessment plays an essential role. In this context, the representation and
simulation of processes become highly valuable pedagogical resources, integrated
as key elements in classroom exercises. This article describes the development and
application of a set of practices focused on electronic circuits using the CoSpaces
metaverse educational platform. The proposal is presented as an alternative for
practical assessment that explores the potential of virtual environments to promote
experiential learning and the acquisition of electronics skills, allowing students to
interact with simulated circuits in an immersive way. Finally, various theoretical and
practical implications derived from this work are offered.

KEYWORDS

Metaverse; artificial intelligence; assessment; simulation; representation; electrical circuits;
Arduino; cospaces.

1. INTRODUCTION

Metaverse and extended reality technology have emerged as a key tool for educational impro-
vement, especially in the areas of science, technology, engineering, and mathematics (STEM)
(Marin-Marin et al, 2021). These technologies offer immersive learning experiences, allowing stu-
dents to simulate real-world scenarios. An innovative example is the implementation of elec-
tronic circuit practices in the metaverse, which combines simulation with modern assessment
methodologies. By moving physical laboratory activities to a virtual environment, students inte-
ract with electronic components without the usual physical restrictions, enriching their learning
experience (Lepez, 2022; Marrero Galvan & Hernéndez Padrén, 2022).

This approach not only favors problem-based learning, but also allows the creation of virtual
objects and spaces that enhance pedagogical interaction (Lopez-Belmonte et al,, 2022) and
require teachers to innovate their practices (Aparicio Gémez et al.,, 2022). Specifically, by imple-
menting exercises with electronic circuits based on the Arduino prototyping board (Marin-Marin
et al, 2024) in a virtual environment, students experiment with simulations that replicate reality
without the physical risks of a laboratory, promoting safer and more dynamic learning.

In this sense, immersive virtual environments have shown a direct relationship with increased
student engagement and motivation (Lopez-Belmonte et al., 2023). However, despite their initial
benefits, research points to the need for a more in-depth evaluation of their impact at different
educational levels. In particular, constructivist approaches and metacognitive strategies have
been identified as fundamental to ensuring successful learning in these virtual environments
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(Bcutista—VoIIejo & Herndndez-Carrera, 2020; Tigse-Carrefo, 2019). In the STEM field, recent
studies have shown that the metaverse not only improves student engagement and learning
outcomes but also fosters collaboration and spatial skills development (Gulen et al, 2022; Sin
et al, 2023; Solanes et al,, 2023). Models such as Gamified Constructivist Teaching in the Meta-
verse (GCTM) offer promising results by improving interactions between students and teachers,
personalizing learning, and allowing interactive presentation of projects (Ng et al., 2023). Howe-
ver, challenges persist, particularly in content development, accessibility, and teacher training
(Dutta et al,, 2022; Ortega Rodriguez, 2022).

As metaverse technologies continue to evolve, their transformative potential in education beco-
mes more evident (Lépez—BeImonte et al, 2023). These tools offer innovative solutions for both
in-person and remote learning, providing students with unique opportunities to explore and ex-
periment without the limitations of the physical world. However, it remains crucial to address
challenges related to their implementation, such as interdisciplinary teacher training and con-
sideration of ethical aspects in the use of the metaverse in education (Ortega Rodriguez, 2022).

In this context, the assessment of electronic circuit practices in the metaverse emerges as an
innovative opportunity that combines immersive simulation with modern assessment approa-
ches. This environment not only eliminates the physical limitations of traditional laboratories
but also offers more dynamic and safer learning for students (Lopez-Belmonte et al, 2022). The
metaverse also promotes the active construction of knowledge through experimentation and
simulation (Bartels & Hahne, 2023). This experience-based learning, proposed by authors such
as Dewey (2004) or Piaget (1991), becomes especially relevant in this context, since students
can manipulate real or simulated circuits, receiving immediate feedback. This feedback is key
to adjusting and improving performance, aligning with the needs of STEM education (Zhang
et al, 2024). On the other hand, problem-based learning approaches find in the metaverse a
suitable space for students to face controlled practical situations, where the combination of
electronic devices, programming, and simulation allows to effectively assess their ability to solve
problems in real-life situations (Rudolphi-Solero et al, 2024). The integration of constructivism
and problem-based learning in this environment enhances the representation of educational
situations that simulate reality with a high level of effectiveness (Marin-Marin et al., 2020). Finally,
an emerging solution for the evaluation of learning processes in immersive environments is the
integration of artificial intelligence (Al). This integration has allowed students to receive real-
time feedback, which optimizes learning and facilitates problem solving (Lévy & Zapata Ros,
2023). In addition, Al allows learning experiences to be personalized, adjusting tasks according
to each student’s performance and fostering a dynamic educational environment, adapted to
their individual needs (Wood & Malik, 2022).

2. STATE OF THE ART

2.1. Theories and pedagogical approaches underlying the immersive
environments of the metaverse

The metaverse is a three-dimensional virtual world environment designed to foster social interac-
tion between users, who can participate in activities that simulate real life. By integrating physi-
cal and virtual reality, the metaverse offers immersive experiences and multisensory interactions,
allowing users to explore and participate in various scenarios. This scenario is ideal for developing
various learning theories, such as Vygotsky's constructivism and Ausubel’s theory of meaningful
learning, which allow students to actively build their knowledge through experimentation and con-
nect new learning with previous experiences (Bartels & Hahne, 2023). Furthermore, simulations
allow working in environments where failure becomes an integral part of the learning process,
allowing students to learn from their mistakes and continuously improve (Kaya et al, 2023). Virtual
spaces, by their very nature, support these learning processes. Other theories, by authors such as
John Dewey (Dewey, 2004), David Kolb (Kolb, 1984), and Jean Piaget (Piaget, 1991), focus on active
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and practical learning, where students acquire knowledge through direct interaction with their en-
vironment. In the context of electrical circuit practices, this pedagogical current allows students to
experiment with real or simulated components, building and modifying circuits to observe in real
time the consequences of their actions. The immediate feedback, characteristic of this approach,
is key to adjusting and improving practices, promoting more dynamic and autonomous learning
that aligns with the needs of STEM education (Zhang et al, 2024).

In complement to this practical approach, problem-based learning emerges as a key methodolo-
gy within virtual environments (Jonassen & Hung, 2008; Jonassen, 20009). This methodology allows
students to face controlled scenarios that simulate real-life situations, which is especially valuable
in teaching electronic circuits. Through the combination of practical experimentation with techno-
logical problem solving, students’ ability to address everyday situations using electronic devices
can be assessed (Rudolphi-Solero et al, 2024). The convergence of a problem situation, program-
ming, and electronic devices allows constructivism and problem-based learning to be integrated,
using virtual reality to simulate these scenarios and project their effectiveness.

2.2. Simulation and representation in STEM education

Visual representation in the metaverse facilitates the understanding of abstract concepts and
allows for the virtual manipulation of complex electronic circuits. Simulations in these environ-
ments improve the quality of learning in technical disciplines (Cui, 2023) and in transdisciplinary
works (Nicolescu, 1996), such as the STEM strategy (Kelley & Knowles, 2016; Tsupros et al.,, 2009).
This computational representation process interprets reality in a way that optimizes learning
and intensifies interaction, structuring and amplifying specific aspects to address educational
barriers. This promotes a phenomenological approach, where the user’s experience and inte-
raction with the simulated environment become the core of knowledge. The use of three-dimen-
sional simulations has also been effective in teaching related topics, such as the perception of
physical phenomena, incorporating by its nature the STEM areas (Gulen et al,, 2022; Nagao, 2023;
Tene et al, 2024), which is evident in the teaching of electronic circuits. This approach allows stu-
dents to work with educational resources interactively, promoting a learning experience in which
they can visualize the behavior of these resources in a dynamic and controlled environment.
Simulation, both as a model and as a learning method (Duran, 2020; Singh-Pillay, 2024), facilita-
tes a functional and practical interpretation of the world, which enriches its understanding and
application in various areas. While computing acts as a platform for the development of these
simulations, its precision and representation capacity continue to advance, integrating in ever
greater detail characteristics of human interactions (Duo-Terrén et al, 2023; Garcia-Tudela &
Marin-Marin, 2022). Beyond reproducing physical elements, computational simulation seeks to
characterize the various facets of human interaction, incorporating its nuances and comple-
xities. In this context, any scenario, along with its elements and dynamics, becomes a target of
computing to project and study the consequences of various actions within controlled environ-
ments, as is the case of the metaverse, which facilitates deeper and more contextual learning.

2.3. Assessment in virtual environments

Virtual platforms based on MOOCs have facilitated the creation of virtual laboratories where
students can practice with simulations. The integration of the metaverse has improved students’
ability to work in teams and solve problems in technical disciplines (Liu & Lu, 2023), making it
possible to measure parameters in the learning process from such platforms. Assessment fra-
meworks based on measuring student performance in virtual environments (Tsappi et al., 2024;
Zi & Cong, 2024; Zhu, 2024), tend to be increasingly comprehensive and holistic. This approach
can be applied to the teaching of electronic circuits, where students could be assessed on their
ability to assemble and solve problems through virtual objects. Even physical parameters such
as the number of times a student blinks when faced with a situation (Barry et al,, 2015), can pro-
vide relevant information to characterize their behavior when assessed in a metaverse environ-
ment (Beck et al, 2024). The use of artificial intelligence (Al) in assessment has allowed students
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to receive real-time feedback, adjusting the complexity of tasks based on their performance
(Said, 2023). Similarly, there is an exploration of how Al can monitor student performance and
provide personalized suggestions based on their progress (Liu et al,, 2022) to enrich the learning
environment in the metaverse.

Al's ability to assess performance in real-time has been particularly useful in scenarios where
students are assembling complex electronic circuits. NPCs (Non Player Characters) are effective
in personalizing learning (Fadhel et al., 2024; Marin-Marin et al., 2023) and there is still discussion
about how Al can be used to track learning and adjust tasks according to their needs in STEM
areas (Solanes et al, 2023; Xu & Ouyang, 2022). In this scenario, the assessment stage of lear-
ning is enriched by the metaverse and the multiple possibilities it offers. The technological con-
vergence of the digital age allows for much greater flexibility in the forms of representation and
interaction with knowledge and its various actors, facilitating traceability, process adjustment,
and measurement of its progress.

2.4. Building an evaluation environment for electrical circuits and Arduino

In the metaverse, the immersive experience allows for a more complete sensorial interaction
than in two-dimensional virtual systems. In this sense, it is important that the level of detail of
the elements (Wu & Hao, 2023; Zhang, 2023), both in their physical conformation and in their
functional part, is similar to reality as proposed in digital twin systems (Siyaev & Jo, 2021; Wang
et al, 2024). Now, for the design of an evaluative experience, the pedagogical component that
aims to develop competencies in students through practical exercises must consider both co-
llaboration (Birkeland et al,, 2023) and successful interaction with the learning object, as well as
the consequences of errors in the event of failure.

The theory of electronic circuits is based on physical behavior which is replicable virtually with a
mathematical model (Jain & Soni, 2024); Due to the characteristics of current, voltage, and electri-
cal resistance, among other devices, the laboratory practice for circuits requires essential care to
not exceed current levels that can cause damage to the electronic elements, and with some pro-
bability of fire risk and physical harm to the student. From there, providing a controlled space that
demonstrates the operating principles of technologies based on these elements is an alternative
(Jaakkola & Veermans, 2020) which, from a pedagogical point of view, poses new challenges at
various times: the structuring of the practice, the execution, and the form of evaluation.

In the physical scenario, a student who makes a mistake in an electrical circuit faces two possi-
bilities: The first, the circuit does not work correctly because the elements are not interconnected
or programmed correctly, and the second, as a consequence of the first, the elements will not
work in any case since, due to the bad connection, they suffer permanent damage. This situation
that causes demotivation in the student can be addressed with virtual reality elements (Reeves
& Crippen, 2021; Tarng et al, 2024), making more efficient use of the time invested in the search
for the causes that cause the malfunction of the circuits in practice.

The evaluative proposal in the metaverse of this article contemplates the connectivity of test
elements from the use of the Protoboard, and its scope, which reaches the connection of the
Arduino programmable device with simple sensors (Lopez-Belmonte et al., 2020). The design
proposal in the circuit evaluation scenarios is addressed from two stages: the representation
stage, and the simulation stage.

2.5. Representation stage

The construction of virtual objects can be proposed from 3D modeling exercises, in platforms
such as Blender, Maya3d, Solidworks, among others. This virtual object design module is com-
plementary from a didactic perspective, since students can build virtual objects that will later
be exported to a metaverse scenario with interoperable formats such as. fbx,. obj,. gltf files, or in
virtual spaces that support scenario formats compatible with USD (Universal Scene Description)

ARTICULOS




International Journal of Educational Research and Innovation
N. 24,2025 - ISSN: 2386-4303 — DOI: 10.46661/ijeril1217 - [Pags.1-16]

El Metaverso en la Educacion STEM: Evaluacion interactiva con circuitos electrénicos y Arduino mediado por Inteligencia Artificial
Oscar Bedoya-Cano; José-Antonio Marin-Marin; José-JesUs Sdnchez-Amate; JesUs Lopez-Belmonte

standards. In addition, there is also a large number of virtual objects on offer in 3D stores, such
as Sketchfab, Turbosquid, Cgtrader (Figure 1).

Figure 1. Virtual Item Stores.
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Note. Taken from https://www.turbosquid.com/es/Search/Index.cfm?keyword=arduino&media_typeid=2

The preliminary step is the construction of the virtual object. Initially, the main interest is focused
on the detail of its physical appearance, preserving the dimensional proportions, and the cha-
racteristics to be represented (Figure 2). From there, learning activities specific to the construc-
tion and design of the object can be derived, in which the students (or teachers) themselves are
the ones who build their learning objects.

Figure 2. Arduino representation in Blender software.
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Note. Arduino board construction stage in Blender Software.
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It is important to have the dimensions of all objects in parallel, viewing them together, or inde-
pendently so that when importing each element into the metaverse space, it does not suffer
unwanted or disproportionate scaling on the various axes (Figure 3).

Figure 3. Representation of Arduino board, electronic devices and breadboard.

View  Selest Aod  Objedd

Note: Assembly of electronic elements, wiring and basic connectivity of three-dimensional models.

2.6. Simulation stage

To emulate the functional and logical behavior of the elements, it is necessary to build an inte-
ractive three-dimensional scenario, or to use spaces that provide the same functionality. For this
case, platforms such as Unity, Omniverse, Godot, Unreal Engine or Cospaces can be used. From
there, the one that allows, through blocks or scripts, the programming of the elements before the
user interaction in the metaverse is selected (Figure 4); for the present exercise, Cospaces is se-
lected due to its versatility to use both scripts in Python language, as well as block programming.
The sequence of activities is as follows: in the first exercise, students recognize the test board and
its connections; a second exercise recognizes the connection of the resistors and Ohm'’s law for
the amount of current needed before breaking down the elements; the third exercise aims to
recognize the connection of the circuit; and finally, the fourth exercise shows the proximity sensor
based on ultrasound and its block programming.
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Figure 4. Block programming in the cospaces metaverse.
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Note. Taken from https://edu.cospaces.io/Studio/Space/VIxx5yB59WmMUIT7M

The first exercise provides a scenario in which the breadboard is the main learning object (Figure
5). Understanding the connection methods is the main objective for this learning; for this, 3 different
connectivity options are used and the correct way in which there is conductivity to the LED (Light
Emitting Diode§ is asked, so that it lights up. The student can see if there is a connection by touching
two points on the breadboard, which will light up if there is conductivity between the two points,
while in exercise 2, emphasis is placed on the maximum current levels allowed before an element
does not work. There, Ohm’s law and its implementation are described and practically executed.
By showing the voltage and current limits when selecting the wrong resistance value, the current
through the LED will exceed the maximum allowed value, which will cause its breakdown (Figure 6).

Figure 5. Practice 1 breadboard and connections.
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Figure 6. Practice 2. Ohm'’s law and maximum current.

m_—‘rw E-—r "m g Corvecto! corriente a SOmA I

Segun la ley de Ohm, V=*R,
5l la corrente maxima que
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de 30 mA y & voltaje de

arduing es de 5V, la
resistencia que hace que se
dafie el LED es:

1KiloOhmio ' 2200mms

Note. CoSpaces Educational Metaverse. https://edu.cospaces.io/Studio/Space/sVenBDKsoxcOSnnX

The third scenario allows to interact with the connections on a proximity sensor using ultrasound
(Figure 7). In this practice, the type of connection must be compared, by carefully examining the
diagram, with the virtual connection. The functional graph allows to compare whether the system'’s
operation corresponds to the physical connections, making the operation of the circuit possible.
The fourth scenario comprises the programming logic with the necessary parameters according
to the described scene. The distance of the sensor from the obstacle and the necessary program-
ming blocks that define its behavior are illustrated in the scene inside the metaverse (Figure 8).

Figure 7. Practice 3. Ultrasonic sensor connection diagram.
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Figure 8. Practice 4. Block diagram and connection of ultrasound sensor.
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Note. Educational Metaverse in CoSpaces. https://edu.cospaces.iofStudio/Space/VIxx5yB59WmMUIT7M

2.7. Mediation of artificial intelligence in educational practice

The integration of Al into the metaverse for STEM education opens up new possibilities for crea-
ting personalized, adaptive, and interactive experiences that enhance learning and assessment
processes. As a mediator, Al acts on three main levels: personalization of learning, dynamic as-
sessment, and facilitation of interaction with immersive environments (D(Jo—Terrén etal, 2023).

Al can analyze student interaction data in real time to adapt educational content in the metaverse
to their specific needs (Aparicio, 2023). This includes identifying gaps in prior knowledge, optimi-
zing task difficulty, and proposing personalized learning paths. In an electronic circuits and Ardui-
no context, Al can recommend specific simulations or building guides based on the student’s skill
level and performance in previous activities (Gonzdlez-Gonzdlez & Silveira-Bonilla, 2022).

Likewise, Al powers formative and summative assessment by collecting, analyzing, and repor-
ting student performance metrics in metaverse environments (Garcia-Pefalvo et al., 2024). In
the creation and simulation of electronic circuits with Arduino, Al can measure accuracy, design
efficiency, and compliance with learning objectives, generating immediate feedback. Additio-
nally, advanced algorithms can identify common error patterns and provide specific explana-
tions, promoting a deeper understanding of STEM concepts (Sanabria-Navarro et al,, 2023).

In addition, Al enables fluid interactions in the metaverse by managing virtual agents or intelli-
gent assistants. These agents can guide students in hands-on activities, answer questions, or
even evaluate their performance by analyzing actions and commands in real time. In an Arduino
virtual lab, an Al-powered virtual assistant can verify simulated electronic connections, suggest
improvements, and evaluate entire projects based on predetermined criteria (Forero-Corba et
al, 2024). Similarly, the use of Al as a mediator in STEM education within the metaverse not only
improves the effectiveness of learning but also creates a bridge between theoretical content
and its practical application. When integrated into interactive platforms, Al ensures that the stu-
dent experience is inclusive, effective, and aligned with assessment objectives, allowing for a
more robust development of competencies in areas such as electronic engineering, program-
ming, and critical thinking (Moral-Sanchez et al,, 2023).

ARTICULOS




International Journal of Educational Research and Innovation
N. 24,2025 - ISSN: 2386-4303 — DOI: 10.46661/ijeril1217 — [Pags.1-16]

El Metaverso en la Educacion STEM: Evaluacion interactiva con circuitos electrénicos y Arduino mediado por Inteligencia Artificial
Oscar Bedoya-Cano; José-Antonio Marin-Marin; José-JesUs Sdnchez-Amate; JesUs Lopez-Belmonte

3. CONCLUSION

Electronic circuit practice assessment in the metaverse combines advanced simulation ca-
pability with interactive learning methodologies. Immersive technologies and virtual platforms
offer students unique opportunities to learn and be assessed in an environment that simulates
reality. Furthermore, the integration of Al in assessment ensures that students receive real-time
feedback, optimizing their learning and problem-solving process.

Al plays a key role as a mediator in the assessment process within the metaverse, by facilitating
the personalization of learning. Al algorithms not only detect common student failures but also
generate new educational challenges tailored to the individual needs of each participant. This
fosters dynamic and adaptive learning, promoting a deeper understanding of technical con-
cepts and enhancing the development of key STEM competencies.

Furthermore, Al-powered virtual assistants enrich the educational experience by acting as real-
time guides, interactive evaluators, and sources of instant feedback. In the context of electronic
circuits practice, Al can assess circuit design, verify simulated connections, and provide sugges-
tions for improvement, allowing students to experiment with greater confidence and security.
These capabilities reinforce problem-based learning by offering an environment where stu-
dents can make mistakes, analyze them, and learn from them without material repercussions.

The metaverse as an educational environment not only empowers hands-on electronic circuits
learning, but when integrated with Al, it enables a more inclusive and collaborative approach.
Al facilitates the connection between students and instructors from different parts of the world,
creating global learning opportunities that democratize access to knowledge. Furthermore, its
ability to analyze large-scale performance data continuously improves educational methodo-
logies, ensuring that virtual environments evolve along with the needs of students and industry.

Therefore, the integration of artificial intelligence in the metaverse transforms electronic circuits
practice into an interactive, personalized, and collaborative educational experience. This not
only fosters the development of technical and creative skills, but also prepares students to face
the challenges of an increasingly technology-driven world, consolidating the metaverse as a
key tool in the STEM education of the future.

4. PROSPECTIVE

4.1. Theoretical implications

Theoretically, this work suggests that the metaverse can be conceptualized not only as a simu-
lation tool, but as a new educational paradigm. This model redefines the idea of a “classroom”
by allowing students to interact with a realistic environment without the physical limitations of
a traditional laboratory. From a theoretical perspective, it can be argued that the metaverse
expands the scope of the constructivist theory of learning, where students “learn by doing” in
environments that mimic real situations.

This work contributes to the theory of formative assessment by proposing an approach in which
Al acts as a facilitator of real-time feedback and personalization of learning. This feature adds
a theoretical dimension to the use of technology in education, proposing a framework in which
assessment not only measures performance, but also adapts the learning experience to the in-
dividual progress of the student.

The inclusion of the metaverse in the practice of electronic circuits and the use of tools such as
Arduino suggest that learning in virtual environments is not only effective for the acquisition of
technical knowledge, but also for the development of metacognitive and collaborative skills.
From a theoretical perspective, this can contribute to the field of digital pedagogy, highlighting
the importance of virtual education in preparing students for the digital economy and its de-
mands for both technical and soft skills.
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Finally, this work suggests a democratization of knowledge through remote access to highly spe-
cialized learning environments, such as virtual laboratories. This has theoretical implications in the
field of equity in education, suggesting that the metaverse can reduce geographical and econo-
mic barriers, and serve as a model for future inclusive and accessible learning environments.

4.2. Practical Implications

At a practical level, this work implies that educational institutions can design curricula that inte-
grate simulation practices in the metaverse for teaching electronic circuits. This allows students
to learn in a flexible and autonomous way, performing practices that would traditionally require
access to a physical laboratory. In addition, it can allow students to learn with a more self-direc-
ted and autonomous approach, adapted to their own pace.

The proposed real-time assessment practices can transform traditional feedback methods in
technical practices. Instructors and educational program developers can employ Al to monitor
and analyze student progress, adjusting content or challenges based on each student’s perfor-
mance. This practice improves educational efficiency by reducing the time between error and
correction and facilitates deeper learning.

The possibility of performing virtual experiments without the risk of accidents or wear and tear
on expensive components has clear practical benefits. Institutions can optimize their resources
by reducing the need for physical equipment, while students acquire problem-solving skills in
environments without material consequences. This is especially relevant in contexts where re-
sources for physical materials are limited or expensive.

The possibility of collaborative practices in the metaverse allows students and teachers from
different parts of the world to work together in real time. This means that educational programs
can be designed to include teamwork with an international dimension, strengthening intercultu-
ral collaboration skills that are increasingly relevant in the global labor market.

Ultimately, from a practical perspective, this work supports the development of applied digital
skills. By using tools such as Arduino in a virtual environment, students not only learn electronics
concepts, but also develop advanced digital skills. This prepares them for work environments
that increasingly rely on advanced technologies and process virtualization, essential skills for
emerging industries in the digital economy.
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