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Abstract: We live in an era of the most accelerated technological changes. Artificial intelligence
possesses immense power and has the potential to dramatically influence education, being
considered an inevitable transformation. Additionally, another technology, virtual reality (VR),
although still in its early stages, when combined with artificial intelligence (Al), has the potential
to radically transform entertainment, education, and healthcare. Thus, there is a call for new
approaches to an educational system increasingly permeated by artificial intelligence systems—
models, standards, and learning assessments. However, significant challenges arise, raising
issues of ethics and academic integrity, such as the reliability of information, transparency
regarding the sources used, privacy and data security, and plagiarism, as well as the investigation
of how artificial intelligence affects teaching. Experts in educational technology predict that
in the future, new versions of these technologies will replace textbooks and take the learning
process outside the classroom. Overall, the United States alone has over 10 million virtual reality
systems, with the actual number likely significantly higher. Moreover, artificial intelligence
will not only enable new technologies but will also analyze their effectiveness and optimize the
benefits they can offer. This paper on the impact of virtual reality and artificial intelligence on
the educational process represents a step in our efforts to understand how these technologies can
transform the educational system. The research found that the nature of the content presented in
virtual reality can change users’ perspectives and behaviors, as well as develop their knowledge
empirically through personalized simulations. Instead of hours in front of screens, imagine
learning in just a few minutes through VR. Therefore, it seems that with virtual reality, a little is
enough.
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1 Introduction

We are living in an era where education is being reshaped by rapid technological advance-
ments. Artificial Intelligence (Al) and Virtual Reality (VR) are no longer abstract concepts or
futuristic promises but active forces influencing how teaching and learning are conceived and
practiced. Over the past decades, researchers have explored how Al can support curriculum
design, teaching strategies, and assessment, while VR has emerged as a tool for immersive and
experiential learning. Together, these technologies hold the potential to transform the classroom
into an environment that is more interactive, adaptive, and inclusive.

At the same time, the integration of Al and VR raises important questions about access, ethics,
and educational equity. Scholars emphasize both the promise and the risks: from improving
learning outcomes and personalizing education, to concerns over privacy, bias, and the possible
erosion of creativity and human agency (Papadakis, 2020, 2022). These debates encompass
the entire educational spectrum, ranging from preschool robotics and conversational agents to
higher education, professional training, and support for students with disabilities.

This article reviews current knowledge and emerging practices at the intersection of Al, VR,
and education. It examines how these technologies are being applied in early childhood and
higher education, their potential role in fostering inclusion for students with disabilities and
dyslexia, and the ethical and political challenges they introduce. By drawing on international
research and case studies, the discussion highlights both the opportunities and limitations of
these tools.

The aim is twofold: first, to synthesize existing evidence on how Al and VR are shaping
teaching and learning across various contexts; and second, to critically reflect on the pedagogical,
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social, and ethical implications of their use. In doing so, the article aims to contribute to
ongoing debates about the future of education in an era where digital intelligence and immersive
environments are becoming increasingly inseparable from the learning process.

2 Theoretical Background

2.1 Integrating Artificial Intelligence into Education

The first time artificial intelligence was mentioned was in 1950, when the question was posed,
“Can machines think?”” (Anyoha, 2017). Then, in 1956, during the Dartmouth conference led
by John McCarthy, Marvin Minsky, Nathaniel Rochester, and Claude Shannon, the birth of
artificial intelligence as a field of study was documented. Over these 69 years, its development
is evident today. Recently, there has been an increase in research on how artificial intelligence
applications can be utilized to explore pedagogical opportunities throughout the student lifecycle
(Zawacki-Richter et al., 2019), from curriculum development and teaching strategies to student
assessment (Alzahrani, 2022; Chen et al., 2020; Zhu, 2021). As a result, a growing number of
educational initiatives have been launched with the aim of teaching the fundamental principles
of artificial intelligence to students in primary and secondary education (UNESCO, 2022).

For example, Rodriguez-Garcia et al. (2020) designed a program called “LearningML” to
teach students programming applications based on a subfield of artificial intelligence, namely
machine learning. Wong et al. (2020) proposed a threedimensional framework for literacy in
artificial intelligence, encompassing concepts such as machine learning, deep learning, and
neural networks, as well as Al applications (e.g., speech recognition, robotics, and smart
assistants), while also addressing the issue of ethics. Similarly, Lao (2020) proposed a Machine
Learning (ML) Education Framework to highlight three categories of learning in artificial
intelligence, including knowledge (e.g., general knowledge about ML methods, bias, and social
impacts), skills (e.g., identifying the scope of ML problem applications, designing ML projects,
creating ML artifacts), and attitudes (interest, self-efficacy, persistence, and identity).

However, for individuals to acquire literate knowledge in artificial intelligence, it is essential
to provide them with basic knowledge and skills related to Al starting from preschool education
(Papadakis et al., 2023a, 2023b). Preschool education possesses unique characteristics that
facilitate the development of essential skills for daily life, the acquisition of knowledge through
play, and the fundamental competencies that will be crucial for future classes (Li & Chen,
2023). Additionally, research on preschool education indicates that artificial intelligence can be
beneficial and useful for children’s development (Chen & Lin, 2024). It is already known that
the implementation of artificial intelligence activities from kindergarten and after promotes the
development of computational thinking and problem-solving skills (Fauzi et al., 2023; Williams
et al., 2019). Therefore, it is crucial for children to acquire the basic knowledge and skills
related to artificial intelligence from a young age, to ensure a solid foundation in this field
(Betiil-Kolemen & Yildirim, 2025) and to understand the role that artificial intelligence plays in
society, recognizing that artificial intelligence is learned through interactions with other people
(Tazume et al., 2020).

Other studies have shown that the use of robots in the preschool period enhances children’s
literacy skills (Kewalramani et al., 2021). Children can be exposed to technologies that simulate
human communication by observing robots in environments where they interact and learn
from humans. Smart robots can enhance children’s social interactions, leading to increased
participation in activities and collaboration with other students (Druga et al., 2019; Kewalramani
et al., 2021). For example, Al-based conversational robots such as KIBO, LEGO, PopBots, and
Zhorai can enhance student engagement and help them understand the concepts of artificial
intelligence and machine learning (Lin et al., 2020; Williams et al., 2019).

Moreover, various robots, such as NAO, KASPAR, AIBO, and RuBlI, are used in preschool
education. Specifically, AIBO, developed by Sony, can increase children’s excitement in
the learning process and provide an engaging learning experience. RuBI is designed for
interpersonal communication and is used in preschool education to help children develop
social interaction skills (Johnson et al., 2012). In Japan, a robot called Saya is already used in
classrooms to perform disciplinary tasks. Saya can speak many languages, and a series of motors
in its head can stretch the soft synthetic skin, allowing it to display a variety of emotions on its
“face,” from happiness and surprise to sadness and anger. The robot is capable of simulating
various emotions and can also read books, tell stories to children, answer specific questions,
and engage in conversation with them. Furthermore, in Thailand, teaching robots are used to
motivate students. Consequently, the combination of robotics and artificial intelligence can
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create technologies designed to support education (Annus, 2024).

However, the use of smart chatbots, like other technologies, has both advantages and dis-
advantages, as it can hinder the development of students’ creativity, expressive skills, and
vocabulary (Annus, 2024). Therefore, to disseminate artificial intelligence literacy and promote
it in education, and subsequently in today’s and future workforces, it is essential to focus on the
conceptual understanding of artificial intelligence. This is essential for fostering active citizen
participation and for developing and enhancing diverse workforce capabilities, rather than
simply focusing on complex programming and mathematical skills (Kong et al., 2021, 2022).
The truth is that there is a significant gap between the skills taught in schools and those required
in the workplace and society in the age of Al (UNESCO, 2022). To prepare the global workforce
for the transition from the information society to the artificial intelligence society, the United
Nations Educational, Scientific and Cultural Organization (UNESCO) established a global
framework in 2018 to help define and measure digital literacy. The framework encompasses
seven competency areas, each related to a distinct domain: software, data, and communication.

Such an initiative requires educators to create an open, flexible, forward-thinking, and
innovative educational environment that promotes quality education and ensures equal access to
it (Storey & Wagner, 2024). However, establishing this new path is challenging, as it requires
educators to possess the necessary knowledge and skills (Zourmpakis et al., 2023a, 2023b).
That is why it is essential for all educators to continue learning and adapting to overcome
obstacles, effectively integrating artificial intelligence into plans for future development (Kaliisa
et al., 2022). Today, virtual teaching assistants can assume responsibilities such as creating
individual and group learning activities, distributing and collecting assignments, addressing
repetitive questions, and providing personalized feedback on projects (Kang, 2023). Specifically,
Computer-Assisted Instruction (CAI) for distance adult education is an early example of artificial
intelligence (Al) applied in education (Storey & Wagner, 2024).

2.2 Artificial Intelligence in Higher Education

The productivity of educational activities has significantly improved since the use of artificial
intelligence. Globally, particularly in education, the proportion of students relying on machines
and automated systems instead of humans is steadily increasing. The benefit is that, when prop-
erly implemented, these technologies in higher education enhance opportunities for research,
learning, and teaching (Kulieshov, 2022). Kaliuzhna (2023) has developed methods based on
artificial intelligence and neural networks that support the development of critical thinking
through personalization, combined with comprehensive access to databases and adaptive learn-
ing environments, which have great potential for improving teaching in higher education. Also,
game-based education (in a fun format) can motivate students to take educational tests, perform
creative tasks, navigate study material more effectively, and understand complex subjects. Today,
artificial intelligence systems open new opportunities for teaching in higher education, but they
still cannot fully replace teachers. However, the rapid development of artificial intelligence,
information, and communication technologies in the field of education may eventually lead to
the replacement of humans as educators (Ryzheva et al., 2024).

In reality, the traditional teaching methods of higher education institutions have lost their
effectiveness and no longer meet modern needs. New methods and new ideas regarding the
digital transformation of higher education institutions are now essential. These approaches will
enable the integration of all software creation and usage processes for the development of a
digital university. Consequently, there is an urgent scientific task to develop methods and models
for the digitalization of institutions based on artificial intelligence. The purpose of artificial
intelligence in education is to enhance the educational process and increase human intelligence,
because education is not a technology-oriented solution but an exclusively human-centered
activity. Therefore, education requires a restructuring of the mindset of both students and
teachers (Ryzheva et al., 2024). Borysenko (2023) paid special attention to the creation of
a customized digital platform that combines artificial intelligence and virtual reality for the
in-depth professional education of specialists.

For university students, the way information is presented does not matter as much as ensuring
it does not become a dead dogma. As a result, educators recommend using games as a means to
develop critical thinking and facilitate the learning of essential economic and educational knowl-
edge (Ryzheva et al., 2024). However, scholars argue that education is a form of educational
process that does not rely solely on the mechanism of entertainment, but also includes additional
processes. These processes are considered of utmost importance (Stratan-Artyshkova et al.,
2022). For example, entertainment is only the first step. The ultimate goal of the educational
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process is for the student to develop a passion for the subject and to continue enjoying education
(Aksakal, 2015). As a result, for a superior educational process that enhances visualization and
learning effectiveness, a new direction has emerged in the development of artificial intelligence,
which includes virtual reality. The application of virtual reality in a new educational environ-
ment that involves more than just reading and writing makes each task unique, bringing the
educational process as close to reality as possible, both visually and procedurally (Ryzheva et
al., 2024).

In conclusion, virtual reality can address the challenges faced by teachers and students in
traditional teaching methods, such as conducting practical experiments in classrooms, where
acquiring in-depth knowledge and understanding is crucial. Some experiments are hazardous
and pose multiple environmental and safety concerns. Even if a teacher is present in such
critical situations, it is not possible to give each student enough attention and time, which
leads to further frustration, negative emotions, and dissatisfaction among students. With these
feelings, students cannot learn theoretical knowledge nor make progress in their experience.
However, virtual reality has the potential to enhance the learning process in a meaningful way
by adding value to interactions and participation. Examples of educational uses implemented in
educational institutions include room-scale virtual reality, such as the CAVE, standalone virtual
reality, such as the Oculus Rift and HTC Vive, and mobile virtual reality, such as Samsung’s
Gear VR and Google Cardboard (Ahmad et al., 2022).

However, new technologies play an auxiliary role. Only university professors can create a
culture that inspires and motivates students. The difference between a virtual teacher and an
avatar is that the avatar is the “representative” of the teacher during the lesson,while the virtual
teacher is presented in virtual form while narrating the material in video format. Additionally,
creating a teacher avatar involves many stages and is a complex process (Ryzheva et al., 2024).

2.3 The Impact of Artificial Intelligence on Political Science Edu-
cation

Recent applications of new innovations in the field of artificial intelligence (AI) have raised
questions about how this new technology will change the scenery and 7ne practices applied
across all sectors and fields. The main arguments concern the extent to which LLMs (Large
Language Models) are considered plagiarism, the impact these tools would have on students’
learning and career preparation, and whether the use of Al tools should be explicitly prohibited,
integrated, or encouraged. These philosophical differences are reflected in university statements.
For example, the Harvard Law School Statement on the use of Al language models states that
“the use of artificial intelligence for preparing academic work for a course is prohibited unless
the instructor identifies it as an appropriate source.” In contrast, the Sandra Day O’Connor
College of Law at Arizona State University allows applicants to use generative Al, mentioning
its prevalence in the legal field and the school’s mission “to educate and prepare the next
generation of lawyers and leaders.” Princeton University states that it does not intend to prohibit
or impose a specific approach for each instructor to handle Al programs (Wu & Wu, 2024).

Additionally, educators in political science believe that political science is a cognitively
demanding profession and support the use of artificial intelligence in an assistive, rather than
generative, manner. Most recognize the value of Al-based tools but are hesitant to incorporate
them into the classroom. Furthermore, a large proportion stated that they are extremely likely to
use Al detection systems. Tools such as GPTZero claim to be able to accurately distinguish
between artificial intelligence-generated work and human-written work (Wu & Wu, 2024).
However, case studies have shown that these tools have a false positive rate (Benj, 2023; Fowler,
2023). A student who is falsely accused of cheating will face long-term consequences (Wu
& Wu, 2024). Finally, OpenAl released an Al detector intended to identify Al-generated
written work, but quietly discontinued the software after only eight months due to low accuracy
(Kirchner et al., 2023). Let us not forget that additions to problematic detection methods may
lead to increased anxiety and burden for all parties involved (Wu & Wu, 2024).

In short, educators who wish to ban the use of artificial intelligence technologies may not
have the ability to do so, because there is no reliable way to detect them. Those who wish
to minimize students’ exposure to artificial intelligence should propose alternative activities
that foster creativity and critical thinking before implementing LLMs. These activities serve
an additional purpose today (Wu & Wu, 2024). Educational innovations and interventions,
including group concept mapping (Wilson et al., 2023) and reflection on classroom simulations
and games (Handby, 2021), do not favor outcomes generated by artificial intelligence. As a
result, students may be less inclined to use artificial intelligence to complete these assignments.
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Consequently, as artificial intelligence technologies become more pervasive in the workplace
and society, our discipline will benefit from ongoing discussions about the opportunities and
pitfalls of Al tools in higher education (Wu & Wu, 2024).

Moreover, between April and August 2023, two surveys were conducted in parallel with
the APSA to better understand how political scientists perceive the value and significance
of generative LLMs. The studies show a mix of skepticism, uncertainty, and recognition
of the potential impact of artificial intelligence on teaching and learning. All respondents
stated that improving writing skills and generating original arguments are among the most
important pedagogical objectives of written assignments. Common themes included critical and
analytical thinking, understanding of material, knowledge synthesis, concept evaluation, and
the development of professional skills. However, educators were generally more cautious than
optimistic about the use of artificial intelligence technology. These findings are not unexpected,
given the current state and anticipated capabilities of these tools, and how they could negatively
impact educators’ ability to achieve important goals through the written assignments they assign
to their students (Wu & Wu, 2024).

2.4 The Impact of Artificial Intelligence and Virtual Reality on
the Education of People with Disabilities

The Convention on the Rights of Persons with Disabilities (CRPD), adopted by the United
Nations General Assembly in 2006, represents a significant milestone in global efforts to
recognize and protect the rights of persons with disabilities. The convention emphasizes co-
education and requires the removal of barriers through changes in the educational system so that
all students, regardless of their disabilities, can receive equal education. The CRPD, along with
the International Classification of Functioning, Disability and Health (ICFDH), advocates for a
comprehensive revision of educational practices, requiring modifications in content, teaching
methods, and institutional structures to address the diverse needs of students with disabilities.
In this context, promising methods are being developed to enhance educational participation
through the use of emerging technologies such as Al and VR (Chalkiadakis et al., 2024).

The use of artificial intelligence enables teachers and educators to tailor the content of
teaching materials and their methods to students’ individual learning preferences, needs, and
desires. At the same time, virtual reality can serve as a vehicle for more interactive and
experiential learning. In this way, the conduct of teaching changes, allowing all students to
have a more equitable experience in the classroom, regardless of their abilities or disabilities.
Specifically, artificial intelligence can be defined as an adaptive learning platform that alters
content based on student performance. For example, DreamBox, a mathematics teaching tool,
continuously adjusts lessons according to users’ responses. Moreover, virtual reality is utilized
in platforms like Labster, where students can conduct scientific experiments virtually, thereby
overcoming the physical limitations of traditional learning. This is important for bridging the
existing gaps between theory and practice (Chalkiadakis et al., 2024).

In this way, students with disabilities can address some of the physical, social, and cognitive
issues that have historically prevented their participation in learning processes. As a result,
Al and VR systems play a significant role in enhancing the academic success of students
with disabilities. They also foster a sense of belonging through interaction among diverse
student groups, ultimately leading to the creation of an inclusive society where respect and
understanding are paramount. However, despite government initiatives and strategies to promote
inclusive education, they have not yet had a significant impact or capacity to ensure equal
access and opportunities for all individuals. The lack of students with disabilities in educational
programs directly affects both themselves and their peers in multiple ways. The first ones do not
have access to the tools and materials necessary for their personal development and academic
success, while the latter do not have the opportunity to learn and grow in a diverse environment,
which is essential for fostering a society with greater empathy, understanding, and acceptance
(Chalkiadakis et al., 2024).

2.5 Virtual Reality in Education

Virtual reality was initially intended for marketing purposes, primarily for gaming. However,
various fields can benefit from virtual reality (VR) applications, such as medicine, sports,
tourism, music, driving simulation, media, and education. Regarding the latter, VR has seen
significant growth in popularity in the field of education in recent years (Zourmpakis et al., 2024).
Virtual platforms are commonly used to simulate the classroom or laboratory environment where
lessons take place. However, some of these simulations are typically used as a safe environment
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for testing scenarios that would be too difficult or dangerous for people to operate in the real
world. Yet, the most important advantage of VR is that it allows users to immerse themselves in
the virtual world and then transfer to the real world, where they can appropriately handle almost
any situation. For example, students can walk on Mars or travel inside the human body through
blood cells (Atta et al., 2023).

Furthermore, virtual reality can enhance students’ attention by keeping them focused within
the VR environment. Teenagers often struggle to pay attention in class, especially when the
topics are not related to them. Immersing students in a virtual world can therefore increase their
interest and engagement in the learning process. They can also focus better on lesson material
when wearing VR headsets, as visual and auditory distractions are eliminated. As a result, by
using virtual reality methods, teachers will have increased opportunities for direct one-on-one
interaction with students. For the students themselves, these experiences enable them to explore
solutions to real-world problems and collaborate with one another for this purpose. In this
way, the immersive element of virtual reality helps develop empathy for the subject being
experienced. It also provides them with a clearer understanding and visual representation of
their tasks, enabling them to complete them with greater accuracy and interest. Multiple studies
and reports have shown that most students remember what they experience in VR, leading to
the conclusion that this environment is more memorable than traditional educational techniques
(Atta et al., 2023).

It has been demonstrated that virtual reality can enhance spatial and depth understanding
among students aged 12—15. This also facilitates students’ ability to visualize and handle objects,
enabling them to understand difficult concepts more easily. As a consequence, Mintz et al.
(2001) provided a new interactive three-dimensional model of the solar system in VR, which
simulates the physical world for students. Welsh and Windmuller (2020) used VR technology
to introduce the concept of introductory astronomy, and in several studies, other researchers
used VR to simulate the solar system. The created virtual world continues to function as the
real world, while the viewer magnifies or reduces the created virtual world and changes their
perspective. Whether computer-generated or based on 360-degree video, interactive virtual
experiences offer students a unique experience without the difficulties of the real world (Atta
et al., 2023). Through 360- degree video, students can observe scenes from any viewpoint
they choose, allowing them to explore virtual worlds by viewing scenes from any angle. As a
result, 360-degree content creates an immersive experience that resembles a live broadcast more
closely than a traditional video. Additionally, since the contents of the panorama are projected
onto a spherical surface as a single plane, viewers can observe the panorama by simply turning
their heads without physically participating in the action (Atta et al., 2023).

2.6 Forms of Learning in the Digital Age

There are various stages of evolution in the traditional teaching system. First, the blackboard
has been replaced by projectors and other digital media devices to facilitate a better understand-
ing of concepts through the use of visualizations. Second, students now visit computer labs at
schools more than ever before. And third, online courses have become a reality. Thus, in this
digital age, the method of teaching is shifting to e-learning (Chelloug et al., 2023). According
to Kotsilieris et al. (2013), the application of the virtual world in e-learning can change the way
people interact with each other. As a result, “artificial intelligence” is no longer a term used by
scientists. Instead, they prefer the term “augmented intelligence”. Nevertheless, this description
still maintains that the human brain is the center of true intelligence (Annus, 2024).

The truth is that we live in a world where it is increasingly difficult to distinguish between
a real person and a virtual entity (Papadakis et al., 2024). Kokane et al. (2014) developed a
system based on a 3D virtual teacher using the WebRTC (Web Real-Time Communications)
application for e-learning. Webb et al. (2022) simulated nanoscale cells in 3D, which can help
biology students understand concepts more deeply and visualize them more effectively than
traditional 2D diagrams. Schonborn et al. (2011) investigated the use of tactile virtual models
by higher education students to understand the structure of biomolecular connections, where
tactile materials were used in conjunction with their virtual representations for model rendering.
Through the use of this system, structures can be easily visualized and interacted with using
touch sensors. Previously, there was a problem in this field where we could only visualize the
model but not interact with it. Grajewski et al. (2015) addressed this problem by using touch
sensors and virtual reality. Also, according to Edwards et al. (2019), tactile virtual reality is
beneficial for the field of organic chemistry due to its ability to promote a sense of immersion.

In this way, the use of virtual reality (VR) can facilitate a comprehensive understanding
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of any possible concept, enhance interaction between students and instructors, and bridge the
gap between the learning management system (LMS) and learning theories (Chelloug et al.,
2023). However, in the field of image and video analysis for virtual reality applications, current
methods are often suboptimal, primarily due to two significant factors. First, the data used
for training and testing these models consists mainly of images and videos, which inherently
contain various types of noise that degrade data quality. Second, many existing approaches have
used classical methods that lack the complex patterns necessary for advanced VR applications.
This highlights the necessity for learning strategies that involve multiple learning algorithms to
produce more accurate results and significantly improve performance through a more detailed
understanding and utilization of the natural features of individuals interacting with each other in
VR environments (Raza et al., 2024).

Using machine learning algorithms, researchers attempted to collect and analyze various
behavioral signals in order to determine the extent to which individuals experience virtual
reality as immersive (Wu & Han, 2023). These methods encompass a range of approaches,
including computer vision, natural language processing, and sensor data analysis. Computer
vision technology enables the monitoring and analysis of movements, expressions, and gaze
patterns, providing valuable insights into user engagement and presence in virtual environments
(Ahuja et al., 2023).

2.7 Extended Reality (XR): Virtual Reality, Augmented Reality
and Mixed Reality

Improvements in computational power have led to significant progress in virtual reality (VR),
augmented reality (AR), and mixed reality (MR) technologies. Recently, the term XR (Extended
Reality) technology, which broadly encompasses VR/AR/MR technologies, has become the
focus of attention. VR is “an immersive, fully artificial environment simulated by computers
with real-time interactivity” and is most commonly used in medical education. AR is described
as “the concept of digitally overlaying virtual objects onto real space, allowing people to interact
with them simultaneously.” In practice, computer-generated images are placed over real-world
images and displayed on the screen. On the other hand, MR, as a hybrid of AR and VR, is the
result of merging the physical and digital worlds. It has attracted significant attention in recent
years, as it can moderate the limitations of virtual reality, which excludes the real environment,
and the inability of AR to interact with three-dimensional (3D) data sets. Ultimately, VR and
MR are primarily used in educational and preparatory roles, whereas AR is mainly applied in
surgical settings (Morimoto et al., 2022).

From 1992 to 2020, the most popular research topics were diagnostic procedures, surgical
interventions, and rehabilitation. Numerous studies have demonstrated the value of XR tech-
nology in medical education, due to ethical concerns related to the use of cadavers, as well as
the time, cost, and availability of such bodies for training. However, three-dimensional holo-
grams, which originate from XR technology, can effectively enhance the quality of education
by improving intuitive understanding and spatial awareness through stereoscopic vision. There
are increasing reports of hologram-based surgical navigation, which aims to improve existing
surgical procedures by reconstructing the patient’s anatomy in 3D form and placing it in the
surgeon’s field of view. For example, Elmi-Terander et al. (2019) developed augmented reality
surgical navigation (ARSN) for screw placement in a hybrid XR operating room (Morimoto et
al., 2022).

As a result, the use of XR technology can facilitate faster understanding of surgical anatomy,
reduce the learning curve, positively impact the accuracy and safety of surgical procedures, and
increase patient satisfaction. Specifically, Mcknight et al. (2020) argued that remote surgical
guidance from an experienced surgeon using an iPad or Google Glass HMD (HoloLens 2)
as a display is beneficial for both beginner and experienced surgeons when learning a new
procedure, such as shoulder arthroscopy or shoulder arthroplasty. Furthermore, when instructors
wore HMDs to teach medical students at a London-based teaching hospital, they conducted
educational activities via remote access that were highly successful. In medical education, the
HMD can provide students with remote training that was previously unattainable. However,
HMD visualization faces the challenge of distraction when the surgeon looks away from the
surgical field to observe the screen (Morimoto et al., 2022).

2.8 Artificial Intelligence in Education Around the World

As the ongoing discussion about integrating artificial intelligence (Al) into formal educational
systems progresses, it is essential to consider both the curriculum and teaching methods,
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particularly in developing countries. Due to the need for students to acquire essential skills for
their future, countries around the world have modified their educational programs. This move
aligns with the growing interest in Al education for all students from kindergarten through high
school. For example, Gardner-McCune et al. (2022) collaborated with teachers in the United
States to create a curriculum that incorporates artificial intelligence. Similarly, Chiu et al. (2024)
documented that their curriculum, designed in collaboration with researchers and teachers for
Al learning, was implemented in schools in Hong Kong (Deriba & Sanusi, 2025). Additionally,
a 2022 UNESCO report documented the implementation of Al-based curricula, showing that
some countries in Europe and the Americas have begun incorporating Al education into schools.
However, such programs have not been established in Africa.

To educate students about artificial intelligence, researchers and teachers have developed
various models. Some of the identified frameworks include: 1) Five Big Ideas in Al (Touretzky
et al., 2019) and 2) AI Competencies and Design Considerations Framework (Long & Magerko,
2020), 3) Machine Learning Education Framework (Lao, 2020), 4) Al Literacy and Competency
Frameworks (Chiu et al., 2024). These frameworks have been adopted or modified worldwide to
create Al-based learning experiences for students from kindergarten to high school. In Ethiopia,
computer science has been integrated into the core educational system (Kassa & Mekonnen,
2022), with the subject introduced through the Information and Communication Technologies
(ICT) curriculum, which spans grades 1 to 12. However, there are differences between public
and private schools regarding the implementation of ICT education, especially in the lower
grades. In public schools, a formal ICT curriculum begins only in grade 7 (Deriba & Sanusi,
2025).

In addition, while studies continue to explore how to integrate artificial intelligence into school
systems, researcherdesigned curricula are mainly implemented as extracurricular activities rather
than as part of the formal curriculum (Deriba & Sanusi, 2025). However, preschool teachers
have begun to take significant steps toward integrating digital technology into their daily tasks
(Dwyer et al., 2019). Also, the use of digital technologies has facilitated communication among
students, children’s collaboration and communication with their parents, and the recording of
their learning (James & Henry, 2017; McFaddden & Tomas, 2016; Parnell & Bartlett, 2012).
For this reason, researchers in Hong Kong have begun to focus more on Al-based education
for young children, as evident in recent publications (Su & Yang, 2022; Yang, 2022). Finally,
Caucheteux et al. (2024) observed that high school students in France are increasingly aware
of the social implications of artificial intelligence and have shown a lasting enthusiasm for
technology that extends beyond traditional academic frameworks.

Regarding the main cases of Al education conducted by governments or private sectors
around the world, they include: 1) the “Al for ALL” program in the United States (which
emphasizes that Al education should be open to all, solve social problems, and provide free
educational platforms), 2) the “Artificial Intelligence in the United Kingdom” report (which
states that the ethical use of Al technologies should be an integral part of the curriculum), 3) a
free online course developed by Finland for basic Al education (called “Elements of AI”), 4)
the “Al Experiment Manual” for toddlers to college students (which has been developed and
implemented in China since 2019), and 5) the 2022 school program, which South Korea has
enhanced and revised for Al education and the basic principles of its ethical use (Paek & Kim,
2021).

According to Chen et al. (2020), artificial intelligence has been widely applied in the
educational sector in many ways at every level. Chatterjee and Bhattacharjee (2020) studied
the factors influencing the adoption of artificial intelligence in higher education in India using
the Unified Theory of Acceptance and Use of Technology (UTAUT), and found that factors
such as perceived risk (PR), expected effort (EE), facilitating conditions (FC), and behavioral
intention (BI) have a significant impact on the adoption of Al in higher education. Moreover,
based on the recommendations of the National Education Policy 2020, the Central Board of
Secondary Education (CBSE) in India has integrated artificial intelligence into school education
since the academic year 2019-20 (Karan & Angadi, 2023). Additionally, von Garrel and Mayer
(2023) observed that higher education students across Germany are using generative artificial
intelligence (such as ChatGPT) in STEM fields, and the adoption rate has increased, which may
be due to their inherent inclination toward artificial intelligence.

2.9 Exploring Issues and Needs of Dyslexic Students at University

The World Health Organization (WHO) classifies specific learning disorders (SLDs) as
neurodevelopmental disorders that have a significant and long-term impact on learning abilities.
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Specific learning disorders affect a significant portion of the population. Overall, 80% of
cases are related to dyslexia, which causes significant problems in acquiring skills related
to reading, memorization, and presenting ideas. While extensive efforts have been made to
recognize dyslexia and mitigate its effects in both primary and secondary education, little
progress has been made at the university level. The VRAllexia project was created to address
this problem, aiming to create and promote an innovative teaching method intended for all
students with dyslexia. At the core is the BESPECIAL project, a software platform based on
artificial intelligence and virtual reality designed to address the main issues related to dyslexia
and provide students with tailored digital support methods to facilitate their academic challenges
(Zingoni et al., 2021).

Several studies have explored the potential use of artificial intelligence, suggesting that it
could be one of the most effective means of addressing this issue. The ability of artificial
intelligence to recognize future events based on the data it receives makes it a powerful platform
for analyzing large volumes of information. Furthermore, improvements over the years have led
to highly effective techniques capable of processing many different data types simultaneously.
The truth is that only personalized models are capable of accurately identifying students with
dyslexia and providing them with effective assistance. For example, the Hidden Markov Model
predicted the difficulties that elementary school students with dyslexia would have in learning
Malay by monitoring their errors in solving phonetic, spelling, reading, and writing exercises.
Using a similar approach, a computer-assisted learning system based on failure prediction was
developed, resulting in a 60% improvement in student skills outcomes compared to traditional
support tools (Zingoni et al., 2021).

2.10 AIED Systems and Pedagogical Literacy

The key to determining the impact of artificial intelligence in the field of education lies in a
system capable of applying artificial intelligence for education (AIED). Holmes et al. (2016)
have generally described AIED as consisting of three parts: the first is the use of an Intelligent
Tutoring System (ITS), which determines the optimal learning path for a specific domain of
knowledge, such as mathematics or physics. A representative AIED system utilizing ITS is
MATHia at Carnegie Mellon University (Paek & Kim, 2021). The second is the use of a
“Dialogue-Based Tutoring System (DBTS),” which employs advanced natural language pro-
cessing and natural language generation technologies to guide students in engaging in learning
dialogues. Programs such as “Fractions Lab” and “Betty’s Brain” serve as characteristic exam-
ples (Paek & Kim, 2021). The third is the utilization of an Exploratory Learning Environment
(ELE). Exploratory learning environments have an embedded mechanism that corrects students’
erroneous learning outcomes using a more constructive approach. In short, they encourage
students to actively construct knowledge by exploring elements of the learning environment,
instead of following a predetermined, step-by-step learning process.

However, while the list of references on artificial intelligence literacy is extensive in colleges,
universities, and research settings (Su et al., 2022; Su et al., 2023), little attention has been given
to young children between 3 and 5 years old (Su et al., 2023). Furthermore, the average level of
artificial intelligence knowledge expected from students in preschool, primary, and secondary
education is significantly different (Su et al., 2022). While young children are expected to be
familiar with the basic concepts of artificial intelligence (Su & Zhong, 2022), elementary and
secondary school children are required to have a greater understanding of complex artificial
intelligence knowledge, including the ability to create machine learning models (Shamir &
Levin, 2022; Su et al., 2022). Therefore, to enable children growing up in the age of artificial
intelligence to encounter the changing technological environment, three artificial intelligence
curricula were developed for secondary school: Creative Al, Dancing with Al, and How to
Train Your Robot (Williams et al., 2023).

These specific curricula aim to promote active learning through practical activities and
projects and to integrate ethics and critical reflection on the social impact of artificial intelligence
across all disciplines. The three curricula included concepts and technologies related to artificial
intelligence, such as Generative Adversarial Networks (GANSs), effective perception, and
autonomous robotics (Williams et al., 2023). Specifically, in Creative Al, students are exposed
to various types of Algenerated media and are encouraged to consider the social consequences
of GANSs, such as the creation of deepfakes and the spread of misinformation through social
media used by students (Ali et al., 2021a; DiPaola et al., 2021). In Dancing with Al students are
introduced to a variety of block-based coding tools powered by Al (Jordan et al., 2021). In these
courses, students design and build interactive, movement-based multimedia games. Also, in the
course “How to Train Your Robot,” a low-cost Bluetooth robot is integrated into the machine
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learning curriculum, enabling students to create artificial intelligence projects motivated by
social contribution. Finally, as students studied the technical aspects of concepts in conjunction
with ethical considerations, they developed a critical perspective to understand how Al systems
work and their impact on society (Williams et al., 2023).

Other research has shown that learning artificial intelligence in kindergarten can have a
positive impact on young children’s basic knowledge and inquiry skills in artificial intelligence
(Kewalramani et al., 2021; Lin et al., 2020; Williams et al. 2019; Williams et al., 2019). For
example, improvements in artificial intelligence literacy (Williams et al., 2019) and investigative
skills (Kewalramani et al., 2021) have been observed in young children who participated in
artificial intelligence classes. Additionally, as demonstrated by Kandlhofer et al. (2016), learning
methods that combine discovery and investigation with storytelling activities can effectively
teach kindergarten students the basic concepts of artificial intelligence. Finally, Yang (2022)
proposed a model using intelligent agents (such as Al for Oceans, Teachable Machine, and
Quick, Draw!) to enable children to learn artificial intelligence.

2.11 The Ethics of Artificial Intelligence

Despite the fact that young people are growing up in an environment already permeated with
artificial intelligence technologies such as SIRI and Alexa (Su & Yang, 2022; Van Brummelen
et al., 2021), there is a worrying lack of understanding regarding the fundamental principles and
processes of artificial intelligence (Ali et al., 2019). The lack of awareness about the accuracy
of Al data (Mertala et al., 2022) and the emergence of deepfakes (McNicholas, 2023) have
led to discussions about the ethical nature of artificial intelligence (Crawford, 2021) and its
implications for privacy and security (Floridi, 2018). That is why addressing this deficiency is
of utmost importance for young students, enabling them to develop a conceptual understanding
of artificial intelligence (Mertala et al., 2022; Rodriguez-Garcia et al., 2021). This is because
collaboration between humans and Al is only possible when people use artificial intelligence
correctly and confidently to solve problems (Kong et al., 2024). Therefore, ethical guidelines
for the development and operation of artificial intelligence systems should align with social
values (Nguyen et al., 2023).

Understanding how to use artificial intelligence in an ethical manner enables students to
critically evaluate and analyze Al developments and to co-form society’s response in the age
of AI (Kong et al., 2024). However, as with all technological advancements, there are both
positive and negative impacts. Balancing these impacts when using artificial intelligence is
a responsibility for students who have been trained in Al, as they must consider the ethical
implications when addressing various issues. The rationale for doing this is twofold: 1. To ensure
that Al-related solutions deliver net benefits to society. 2. To ensure that the widespread use of
artificial intelligence is sustainable and aligned with the Sustainable Development Goals (SDGs)
(Vinuesa et al., 2020). Most people are often unaware that they are interacting with algorithms
that may compromise their privacy or contain harmful biases against various demographic
groups (Williams et al., 2023).

However, it is also necessary to investigate ethical behavior from the perspective of machines
themselves and to examine the decisions and actions taken autonomously by machines (Miiller,
2020). The ability to interpret Al decisions enables the assessment of whether a decision aligns
with ethical standards (Yu & Yu, 2023). It is true that the behavior of artificial intelligence
systems depends on the environment in which they operate, and if not expressed accurately,
they may produce unsatisfactory or even erroneous solutions. And since artificial intelligence
itself lacks sufficient reliability and does not possess the so-called “moral compass,” the use
of Al itself should be ethical (Wojciechowski & Korjonen-Kuusipuro, 2023). Therefore, by
combining the opportunities and challenges of Al applications, people should effectively control
artificial intelligence while promoting social development. In this way, people can achieve a
balance between the development of Al technology and the construction of social harmony (Yu
& Yu, 2023).

Law, a positive science that encompasses rules and principles designed to regulate current
situations, should provide the necessary framework for addressing concerns about ethical
issues in society (Kolemen, 2024). If Al technology underestimates human skills, removes
responsibility from people, weakens human control, or undermines human autonomy, it may
become subject to misuse (Yu & Yu, 2023). For example, in relation to student assessment
systems, it has been found that they produce inaccurate outcomes based on factors such as
gender, ethnicity, or socioeconomic status (Kolemen, 2024). This is particularly damaging in
countries where primary education does not focus on teamwork and empathy.

Advances in Mobile Learning Educational Research @ SyncSci Publishing 1641 of 1652


https://www.syncsci.com/journal/AMLER
https://www.syncsci.com

Volume 5 Issue 2, 2025

Sofia Kouloubritsidou

The CEO of OpenAl, Sam Altman, also followed the same pattern when he described Chat-
GPT as “extremely limited, but good enough at some things to create a misleading impression
of greatness. It would be a mistake to rely on it for anything important at this time. It is
just a preview of progress. We still have a lot of work to do on robustness and truthfulness’
(Wojciechowski & Korjonen-Kuusipuro, 2023). For example, if a child expresses self-doubt, a
chatbot trained to confirm user statements may respond in a general manner, reinforcing the
child’s negative self-perceptions instead of providing constructive support. This would endanger
the child’s health, increasing the likelihood of mental disorders such as anxiety or depression
(Kurian, 2023). Research on children’s interactions with computers shows that even very young
children engage with technology in ways that may surprise adults.

s

One report found that nearly half of the 3,000 six-year-olds surveyed in the United Kingdom
browsed the internet unsupervised for hours at a time (Internet Matters Team, 2017). While EU
lawmakers have already discussed the Commission’s proposal on the desired and appropriate
regulation of artificial intelligence on April 21, 2021, as Regulation (EU) 2024/1689 (Veale &
Borgesius, 2021; Gstrein, 2022), the growing popularity of generative Al has sparked a debate
on whether specific laws are required (Hacker et al., 2023; Helberger & Diakopoulos, 2023) or
even legally binding international treaties (Harris, 2023; Milmo & Stacey, 2023).

In Greece, the Panhellenic Federation of Journalists’ Unions (POESY) published the Code
of Ethics Guidelines for the use of artificial intelligence by journalists. The guidelines aim
to guide journalists in the responsible and ethical use of creative artificial intelligence. The
goal is to ensure that Al is used as a tool to enhance the accuracy, objectivity, and reliability of
news without compromising fundamental principles. Journalists using creative Al tools must
prioritize the public interest, maintain public trust, and ensure their work is verified. AI was not
created to replace journalists and their role in providing information to citizens. The content of
any form generated by Al should be regarded by journalists as unverified and must be checked
and cross-verified (Journalists’ Union, 2025).

2.12 Research Analyses on Artificial Intelligence in Education

Most studies have revealed that the use of artificial intelligence can enhance creativity,
collaborative research (Kewalramani et al., 2021), computational thinking, and language skills
in children (Prentzas, 2013). The following study used the case study research methodology
(Yin, 2014) to describe the complexity of change processes related to the implementation of
an Al curriculum called “Al4Kids” in a purposefully selected kindergarten in Hong Kong,
using the theory of multimodal learning (Yelland, 2018) and the Five Big Ideas in Artificial
Intelligence (Touretzky et al., 2019) as criteria for evaluating learning outcomes. The aim is to
enhance learning through artificial intelligence by incorporating embedded learning activities
and intelligent agents, such as Al for Oceans, Teachable Machine, and Clearot. Children worked
in pairs using iPads to train an Al robot. The educator utilized project-based learning to motivate
children’s autonomy in learning about artificial intelligence through real-world applications. The
research results indicate that children can understand artificial intelligence through interaction
with intelligent agents in the practical application of the learning process. Additionally, the
children learned that computers can be taught as they trained the Al robot to categorize fish and
trash and to clean the ocean (Yang et al., 2023).

The next study examines the use of interactive robotic toys equipped with artificial intelli-
gence in early childhood environments to facilitate the development of inquiry-based teaching
(Kewalramani et al., 2021). A Design-Based Research (DBR) approach was employed, which
is well-suited for small-scale educational research projects that involve collaboration among
teachers, children, and researchers (Jetnikoff, 2015; Morgan, 2013). The investigation process
was driven by a group of children who wanted to experience an adventure with their robot. Coji,
an Al robot that displayed emojis (emotions), laughed, and danced, was programmed by the
children with stories and tasks for Coji to perform. Their creative inquiry was evident when they
attributed symbolic meaning to the robot, for example, when they described it in human-like
terms and wondered if robots could die because their batteries cannot function underwater. The
findings of this research contrast with studies that continue to raise questions and argue that the
use of digital technologies, such as Al toys, may have a negative impact on education (Chaudron
et al., 2017, Straker et al., 2018).

The study by Tanaka et al. (2007) was among the first to demonstrate that, under certain
conditions, primary forms of prosocial behaviors can emerge through children’s interaction with
robots, in much the same way as with their peers. For this purpose, the researchers brought
the humanoid robot Qrio into a classroom of children aged 18 to 24 months for more than five
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months. The results showed that, instead of losing interest over time, the children developed a
bond with the robot and a level of socialization similar to that with a human friend. Additionally,
Vircikova et al. (2015) evaluated the capabilities of the Nao robot in a school environment
that used an emotional state recognition system to identify emotions. The emotional loop
facilitated the design of its responses and the acquisition of emotional expressions through
practice. During the experiment, the robot adjusted its emotions by analyzing the children’s
emotional reactions. The research showed that changing responses in different environments
and personalizing interactions were both essential for developing a long-term relationship.

3 Conclusions

The concept of computer-assisted learning has facilitated the integration of technology into
the classroom. As a result, education, learning environments, teaching methods, and educational
infrastructure have been profoundly changed by the presence of computers and technology
(Virani & Rautela, 2025). Moreover, immersive technologies such as augmented reality (AR),
virtual reality (VR), and mixed reality (MR) have become powerful tools for providing students
with immersive, interactive, and engaging experiences (Baxter & Hainey, 2024; Bailenson,
2018). The existence of these technologies leads us to the Edu-Metaverse, a superior form
of educational environment where virtual and real, humans and machines, interact fully (Kin-
Hon et al., 2023). The report “A whole new world” (Hirsh-Pasek et al., 2022) states that
“The Metaverse of the future is likely to fully support augmented and virtual reality, artificial
intelligence, and the integration of all these.” In this way, students will have the ability to
communicate and interact with other students and professors through individual or collective
channels (Bazargani et al., 2025).

Today, digital technologies have completely transformed the human world. Advances in
technology, such as 5G, artificial intelligence, and digital twins, have sparked the evolution and
revolution of the next generation of the Internet, namely the Metaverse (Virani & Rautela, 2025).
Previous researchers have expressed their views on how education can be positively transformed
by incorporating new technologies (Lopez-Belmonte et al., 2023; Arcila, 2020). However, some
believe that the Metaverse is one of those technologies destined to fail, while others see it as
an integral part of future life. Technology giants such as Meta, Microsoft, and Apple have
invested billions of dollars in developing the Metaverse and its related technologies (Hussain et
al., 2023), which are supported by components such as virtual reality (VR), augmented reality
(AR), artificial intelligence (AlI), robotics, blockchain technology, the Internet of Things (IoT),
and human-computer interaction (HCI) (Dwivedi et al., 2022).

With many of the world’s commercial brands disappearing from urban centers as shoppers
prefer online purchases, and with the immersive experiences provided by the Metaverse, we
may see university campuses vanish (or at least shrink) in the next decade. Just as Amazon has
revolutionized the retail industry, will Google, Meta, or other tech giants have a similar impact
on the education sector (Hussain et al., 2023)? As a result, the impact of the Metaverse on
education is still being examined and remains a significant topic for researchers to understand
the opportunities and challenges it brings (Bizel et al., 2023).
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