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Abstract: This paper offers a brief analysis highlighting the effectiveness of several well-known Arti-
ficial Intelligence (AI) technologies applied in education, particularly in teaching and learning. It pro-
vides an overview of how modern classrooms can benefit from more effective teaching strategies that
encourage students to engage in hands-on learning. Advanced technologies are changing how
knowledge is found and shared, as well as how teaching is delivered. Memorization has been empha-
sized in educational models as a crucial learning skill until relatively recently. The technologies alter
how knowledge is accessed and taught in schools today. Based on that, most knowledge is readily
available, quickly accessible, and available online. The skills of reading, sharing, listening, and acting are
now prerequisites for schooling. Most recent developments in advanced technologies in education are

provided. Some analyses related to opening issues and challenges are shown for future work.

Keywords: Artificial Intelligence; Augmented Reality; Automated Assessments; Cloud computing; Ed-
ucation; Internet of Things; Learning and Teaching; Virtual Reality.

1. Introduction

The quick development of electronics, information, and communication technologies
has resulted in the creation of a wide range of infrastructure and services, from specific ap-
plications like banking, education, or health to telecommunications like voice, data, and media
services to the introduction of electronic government [1]—[4]. Numerous cutting-edge tech-
nologies are recently been used in education to support educational activities [5], [6] effi-
ciently. Schooling in a wortld of developing advanced technologies challenges theoretical
frameworks for both teaching and learning. Technology has made it possible for and spurred
a major paradigm shift in education: the move from instructor-based to learner-based pro-
grams.

Currently, advanced technologies can support the demands of all educational levels, re-
gardless of time and place. Today, many individuals might learn through technology and e-
learning media, which can increase student participation and save time and effort in such
classrooms. Technologies and e-learning media have been developed to assist a great number
of individuals in their studies. They also make classes interactive and reduce the amount of
time and effort required for learning. The digital revolution is affecting all aspects of work,
including the types of jobs, duties, and abilities, as well as how people live and learn [7], [8].
The phrase "advanced technologies" encompasses a wide range of goods and services that
incorporate artificial intelligence (Al), wearable technology, like head-mounted displays and
sensors, virtual reality (VR), augmented reality (AR) and the Internet of Things (IoT), etc.
that can be applied into education fields as shown in Table 1.

The literature indicates that various studies have been conducted with an emphasis on
the applications of emerging technologies in education. The focus of [8]'s writers is on adap-
tive learning technologies from the standpoint of profound learning, where goals may be
demonstrated by learning analytics that are developed and whose associations can result in
consistent, verifiable blockchains. Study [9] looks at how technologies influence creativity in
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the body of current literature, classifies the many forms of evolving technology, and evaluates
the extent of technology integration in classrooms. The requirement to thoroughly grasp the
research on creativity in environments that use digital educational technologies inspires sev-
eral studies.

Table 1. Advanced techniques in different scenarios supporting education.

Different scenarios applying

No . . Possible advanced techniques
in Education
1 Remote education: Online and Real-time analysis, edge computing, and virtual personal as-
mobility; sistants;
5 Building curricumlums Clustering techniques; deep learning or machine learning
technologies; Big data analysis;
3 Personalizing intelligent teaching Learning analytics; Bayesin knowledge interference or data
mining; intelligent teaching systems;

4 Schools of Intelligence Technologies of hearing and sensing; Virtual laboratories;
A/R; V/R;

5 Evaluate and Grade Predicting systems; computer Yi§ion; image processing and
recognizing;

6 Assessment to students and als ~ Adapted learning methods; approaches of personalized

schools learning; Academic analytics;

Pedagogical factors and other learning/teaching issues unique to a field must be consid-
ered when using such technology in education. Study [10] encourages critical thinking on the
digitalization of education and datafication, where advanced technologies play a significant
part among engineering education's stakeholders, including policy-makers, administrators, re-
searchers, teachers, and students. The critical issues with instructional methods, ethical obli-
gations, sociocultural dimensions of education, and the usage of big data in the existing edu-
cational systems can only be resolved with the help of these technologies. The research meth-
odology for a digitally enhanced lead to fostering creativity is presented in article [11]. Using
the newest extended reality technology, techno-self-enhanced learning provides learner-cen-
tered approaches to creativity in learning. The cultural sector interpretation strategy is then
looked at to engage students and further develop new involvement techniques. The agile pro-
ject development technique is then put into practice. Research [12] systematically analyzes
various multimedia tools in educational processes, including teaching and learning, to inves-
tigate how different technologies have shown to be a viable approach for accessing high-
quality education and enhancing learner performance. The technology and elements incorpo-
rated into creating the different multimedia tools have helped them succeed when applied to
different target audiences and topics. The level of readiness that higher education institutions
currently have for the digital transformation of their operations is examined in study [13]. The
purpose of the study is to investigate the existing comparative metrics and the challenges
higher educational institutions face in adjusting to the digital transformation of their opera-
tions.

This work provides an overview of using advanced and Al-embedded technologies in
education. Different advanced techniques are briefly defined and explained for teaching and
learning tasks. We analyze the applications' effectiveness and provide recent developments in
the use of new technologies in the fields. In addition, we suggest that as developing technol-
ogies provide more customized learning and teaching experiences, they have the potential to
enhance teaching and learning methodologies greatly. In higher education, for example, stu-
dents can practice writing with developing technology and gain further insight into the audi-
ence they are writing for. Thanks to the epidemic phase and the new normal, more educators
can now experiment with cutting-edge technologies like computer vision, artificial intelli-
gence, telepsychiatry, and cloud computing [14]—[16]. It is anticipated that these types of re-
search studies will play a critical role in assisting educators in identifying the benefits of new
technologies and actively integrating them into classroom settings.

The rest of this paper is organized as follows. The effectiveness of utilizing advanced
technologies for education is addressed in Section 2. Recent developments of some emerging
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technologies for education ate analyzed in Section 3. In Section 4, opening issues and chal-
lenges are discussed. Finally, Section 5 contains conclusions and future work.

2. The Effectiveness of Advanced Technologies in Education

This section discusses the effectiveness of some specific uses of advanced technologies
in education. Each technology benefits education environments in specific ways, as follows.

2.1. AI-powered Learning Environments

Artificial intelligence (Al)-enabled technologies, like machine learning, facial recognition,
and natural language processing, are increasingly utilized in classrooms to facilitate and en-
hance learning [17]. Moreover, Al-powered learning environments allow teachers to custom-
ize classes to each student's needs and give students tailored learning experiences [18]. There-
fore, it's safe to assume that artificial intelligence (Al) is quickly finding its way into educa-
tional tools, and that its influence will undoubtedly be felt in the years to come.

2.2 Virtual Reality (VR) and Augmented Reality (AR)

Regardless of the setting, VR and AR may provide immersive and captivating learning
experiences. They could be employed more frequently as useful tools for experiential and
immersive education [17], [18]. This also allows learners to practice assignments, explore vit-
tual activities, and join in simulations catering to specific demands. Both of the effects of
technology on education will be difficult to overlook as they become more widely used.

2.3. Automated Assessments

It sounds impossible to address the impact of automation in the sphere of education.
Evaluating pupils' development will increasingly depend on automated assessment tools [19].
This provides an improvement in the understanding of pupil performance and opportunities
for growth for either administrators or educators.

In addition, data analysis from automated assessment technologies can support students
in recognizing and improving their weak fields [20]. This supports teachers to grade assign-
ments more quickly and precisely with automatic grading tools. This also help to saves time
on the tasks.

2.4. Cloud Computing

Since cloud computing makes it easier for them to access and retain data, it will remain
a valuable tool for educators [21]. In addition, since cloud-based books are freely accessible
from everywhere, learners can spend less money on expensive hard-copy books. Cloud com-
puting could be a new trend in education technologies that provide robust authentication
features to support students with secured data. This is also simple for teachers and learners
to teach/study together.

2.5. Social Media in Learning

Social media tools have a huge effect on how students can learn. These provide students
with new ways to interact, access, and exchange knowledge with one another. Currently, the
ways teachers use social media tools have also been significantly impacted. They have
equipped instructors with useful additional resources to connect and involve students [22].
Social media use in education still provides a lot of benefits. This will continue to significantly
impact education, specifically teaching and learning, in the years to come.

2.6. Learning in Portable Devices
2.6.1. Mobile Learning

As students can continue their studies wherever they are with mobile devices, they atre
increasingly adopting these tools for educational purposes. Educational content is now being
customized at a growing rate for mobile platforms [23]. Traditional learning approaches are
being replaced by portable devices such as tablets and smartphones, which offer mobile e-
learning solutions that promote continuous learning.
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2.6.2. Wearable Technology

The growing popularity and adaptability of wearable technology is significantly impact-
ing learning environments. This technology monitors student progress, provides performance
feedback, and delivers personalized real-time guidance [24]. Moreover, wearable devices like
VR headsets and smartwatches enable students to record voice notes, listen to audio lectures,
and receive class notifications. This increased accessibility benefits students, teachers, and
parents by improving learning effectiveness.

2.6.3. Gamification of Learning

A rising trend in many educational institutions is the gamification of learning. By incor-
porating game design elements into education, the primary goal is to make learning more
engaging and enjoyable. Examples include earning virtual points for assignments, competing
with peers on a virtual leaderboard, and other gamified elements[25]. By making learning
more interactive and fun, students can learn more efficiently and enjoyably acquire new skills.

2.7. Digital Content Platform

With the global outbreak of the COVID-19 pandemic, e-learning platforms have gained
substantial popularity. Learners and educators worldwide can now access high-quality instruc-
tional materials through these platforms|[26]. Additionally, various educational content is
available for instructors and students on digital content platforms[27]. The influence of these
platforms on how students learn and engage with instructional content is expected to expand
as digital content platforms continue to grow in prominence.

2.8. Adaptive Learning

The ability to customize courses to meet the specific needs of students has made adap-
tive learning a significant emerging trend in educational technology[28]. A growing number
of academic institutions are adopting this data-driven, cutting-edge approach to support per-
sonalized learning outcomes. Through this method, educators are better equipped to meet
the diverse needs of students and improve learning results. Teachers may also use this ap-
proach to tailor learning paths and speeds according to individual student requirements.

3. Recent Developments

This section describes recent applications that benefit education in teaching and learning.
Some explanations are provided to clarify how the technologies can support the educational
systems.

3.1. Virtual Reality

Virtual reality (VR) is a technology that generates an interactive, computer-based expe-
rience and creates a simulated environment in an artificial digital world. This technology can
be used to design a fantasy environment that allows for experiences that are impossible in
traditional physical reality, or it can replicate real-world settings[29]. VR enhances students'
enthusiasm for learning by offering novel methods that integrate sensory information through
this innovative approach. It can also be applied to depict functions or activities with higher
accuracy[30]. One of the most recognizable components of virtual reality is the head-mounted
display (HMD). Since humans rely heavily on visual perception, the main difference between
immersive virtual reality systems and conventional user interfaces often lies in the display
technology. An example of accessible VR is Google Cardboard, a wireless, foldable viewer
with a smartphone. Google Expeditions, offered on this platform, helps students grasp com-
plex social and scientific topics. In one application, Tilt Brush provides a 3D painting envi-
ronment, making lessons more engaging, with the instructor being real. Google Expedition is
an example of this approach. Researchers[31] explored the use of virtual reality tools in geog-
raphy lessons. They developed a VR platform in [32], utilizing a VR game to teach civil engi-
neering concepts to pre-university students. According to a virtual medical coaching website,
VR training is reported to be three to four times faster than traditional methods, with training
sessions lasting just 30 minutes. A meta-analysis indicates that students trained using VR are
more likely to pass exams compared to those taught via conventional methods [33].
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3.2. Augmented Reality

Three qualities have been defined as the definition of augmented reality (AR): (1) In-
tegrates virtual and actual worlds; (2) actual-time interaction; and (3) three-dimensional regis-
tration [34]. Augmented reality technologies enable simultaneous interaction between the real
and virtual worlds. The actual environment is overlayed with digital material (text, music,
photos, video, and 3D objects) to create the illusion that it is a part of it [35]. AR has several
benefits for both teaching and learning, offering a range of learning opportunities[36]. Smart-
watches, bracelets, virtual reality glasses, smart glasses developed from the Google Glass pro-
ject, smart optical lenses, and headphones are examples of wearable technology. The study
looks at how employing augmented reality books (AR books) affects students' academic pet-
formance as well as how they perceive their environment. One unique strategy that has been
studied is using augmented reality in multimedia apps for medical education. This study aims
to ascertain medical faculty students' opinions on using "mobile augmented reality technol-
ogy" for anatomy instruction|[37]. ARCore is used by the Augment smatrtphone application
to show 3D models in augmented reality that are concurrently scaled and positioned in their
real-world environments. The impact of this application on technical drawing instruction was
examined by the writers[38]. Among the web 2.0 applications that utilize augmented reality
technology is Aurasma. The Aurasma web 2.0 tool may freely create interactive virtual reality
content. These materials make it possible to provide helpful knowledge outside of the class-
room and provide more effective education.

3.3. Artificial Intelligence

Using intelligent tutors or teachable agents (T'As), educational software has digitally ex-
ecuted the pedagogical concept of learning by teaching. Teachable agents, sometimes known
as intelligent tutors, offer students timely, individualized resources, direction, and feedback
[6]. The conditions for a thorough examination were met by just a small number of research
projects despite the wide range of applications for Al and machine learning. This potent Al
technology made possible the effective identification of shifts in English as a second/foreign
language (ESL/EFL) learning meth-odologies across several grades[39]. The study of com-
puter-assisted learning (CAL) creates substitutes for traditional teaching methods by utilizing
artificial intelligence (AI) and digital technology. Al can help map out each student's individual
learning plans and trajectories, taking into account their learning preferences and activities, as
well as their strengths and limitations, more expensive but easier to comprehend or learn
courses. Al may help instructors and schools by utilizing algorithms to direct students via
different curriculum routes, which can customize learning and improve chances for students
[40]. The results of the Structural Equation Modeling demonstrated that task interest pre-
dicted future course interest for application partners but not chatbot partners[41]. According
to research conducted with American high school students, connecting math to students'
extracurricular activities can enhance learning via an intelligent tutoring system[42]. Thus, very
tailored modification might be beneficial for pupils' success.

3.4. Internet of Things (IoT)

Technology significantly influences people's lives, careers, leisure, and learning, particu-
larly in education. The term Internet of Things (IoT) refers to a wide range of interconnected
devices and technology that change how education is delivered. By using online IoT tech-
niques, such as Kahoot and exchanging grades with students via Google Docs and Telegram,
teachers can assess students more quickly[43]. Instructors also provide their students with
access to valuable online resources. Teachers’ abilities and expertise can be evaluated, and
management can monitor developments and take appropriate action based on the input re-
ceived. However, universities without IoT devices face challenges in staff and student man-
agement, as well as excessive energy, heating, and water use[44]. A study developed a learning
kit to integrate blockchain and IoT principles into STEM education. This kit, using a project-
based learning approach, provides students with practical experience. It includes parts for the
"cloud," "muscle," and "brain" to cover all aspects of blockchain and IoT technology. Teach-
ing students about blockchain and IoT principles is crucial to preparing them for the Fourth
Industrial Revolution [45]. A framework for developing IoT-enabled “smart campuses” is
proposed in the article[46]. Using a content analysis approach, the model synthesizes data
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from relevant books, papers, research, and websites, connecting six modules, a set of data-
bases, two types of settings, and two user interface roles (teachers and students) in both class-
room and personal contexts. Smart classrooms are created by addressing challenges with
green loT techniques in engineering education[47]. Engineering education emphasizes the
sustainability of 10T resources, motivating all institutional members to operate responsibly.

3.5. Cloud Computing

Conventional online learning techniques, such multimedia and live teaching, must adapt
to the demands of modern experimental education. A rendering and storage system that op-
erates entirely on the cloud is introduced to solve these issues and provide low-latency, high-
quality learning experiences [48]. The experimental scenes were divided into two groups: in-
teractive models and backdrop. Gamification has generated a lot of attention in cutting-edge
teaching strategies because of its potential to improve students' learning processes. After do-
ing research, the writers [49] offered answers. The main goal is to outline the overall strategy
for gamifying an area. It has been demonstrated that the following seven criteria are beneficial
for educational purposes: motivation, goal clarity, idea testing, cheating scenario monitoring,
task optimization for long-term progress, and overall lose/win results of games. This research
[50] has attempted to address technological issues using cloud computing technology, such
as learning module updates and scalability. It may create games with motivational and instruc-
tional goals by utilizing the infrastructure. Cloud computing has made a significant contribu-
tion to online collaborative learning in the educational field. They found that cloud computing
technologies are used for collaborative learning tasks, including editing, sharing, discussing,
and communicating. The authors [51] create an interactive, multimodal, cloud-based mobile
learning platform that allows users to engage in the way that best suits their learning prefer-
ences. This tool enhances children with special needs' learning capacity by about 30% by using
functional adjustments that meet their learning objectives. For experimental VR teaching,
study [52] develops a cloud-to-end rendering and storage system with backdrop and interac-
tive models. The cloud server renders the background, and the end terminal receives the final
result as a video stream. Interactive models are then merged and light-rendered at the end
terminal. A more recent 3D watping and hole-filling technique is also recommended to im-
prove image quality when the uset's point of view changes.

4. Challenges and Opening Issues

4.1. Virtual Reality (VR)

Numerous studies have shown that virtual reality (VR) holds great potential for enhanc-
ing learning outcomes by providing a more engaging environment that appeals to various
senses, including touch, taste, smell, olfactory, and haptic perception. Nevertheless, there are
still several disadvantages to utilizing VR technology in the classroom. Head-mounted dis-
plays (HMDs), the foundation of contemporary VR technologies, provide complete immer-
sion through a 3D virtual world that closely mimics reality. One of the major issues that has
to be resolved with the new features shortly is the lack of visual realism and the realism of the
dynamics and interaction. The techniques available now for producing VR graphics and dis-
play technology are very limited. Be advised that the human brain's psycho-visual structure
makes it possible for us to detect even minutely incorrect features, which can swiftly break
the immersion. Thus, optimizing reality's presentation in the virtual reality realm is a never-
ending endeavor. Consumers should be aware that prolonged use of some products may have
negative health impacts, including motion sickness, disorientation, and loss of balance. These
are caused by head motions when using an HMD), which also results in high latencies, sluggish
picture display rates, and high pixel persistence. The first has to do with the possibility that
immersion may significantly reduce interpersonal communication, especially among students.
Dealing with a real person is far more satisfying than dealing with an avatar. Interactions on
screens can never fully take the place of real-world interactions. Maintaining student-teacher
engagement must be done at all costs. Technology-assisted content delivery and traditional
classroom education must coexist together. The other limitation is the expense of these re-
sources.
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4.2. Augmented Reality (AR)

Investigating possible solutions is crucial for challenges pertaining to the technology
components of augmented reality apps (e.g., file size, GPS inaccuracy, sensitivity trigger to
recognition). Further study on the development and deployment of augmented reality apps is
necessary since, despite technological advancements, students may still find it difficult to use
augmented reality applications. Investigating students' perceptions of usability and prefer-
ences in AR-based learning environments is therefore vital. To meet the pedagogical issues
of AR, researchers can develop comprehensive models and (empirically proven) design prin-
ciples for AR environments. Future studies may examine the best practices for utilizing aug-
mented reality (AR) applications to support ubiquitous, collaborative, and informal learning.
More research can be done to examine the impacts of AR applications. Researching the inte-
gration of AR applications with new technologies, including eyeglasses and educational out-
comes, is essential to uncover potential advantages. A closer examination of the ways in which
students resolved the problems they ran across when engaging with the environment in loca-
tion-based augmented reality (AR) applications may be helpful. More studies on student sat-
isfaction, motivation, interactions, and engagement may be necessary to fully comprehend the
advantages of augmented reality in educational settings.

Certain issues and advantages in the literature appear to contradict one another. For
example, some studies found that augmented reality is difficult to use, while others found that
simplicity had advantages. Likewise, this applies to the question of whether AR apps cause
cognitive stress. Investigating the elements (subject, age group, interface features, etc.) that
lead to the problem of cognitive overload in AR technology applications is therefore, imper-
ative. More studies are required to fully comprehend the relationship between multisensory
experiences and augmented reality apps and how they affect learning results. A detailed ex-
planation of the materials development process and design concerns would make the job of
anyone who might want to use this technology in their future research easier.

4.3. Artificial Intelligence

Al in education holds great potential for teaching and learning. They serve as a source
of creative research ideas and methods, make use of state-of-the-art instruments and technol-
ogy for data collection and analysis, and ultimately establish themselves as accepted research
paradigms. Still, a lot of educators and scholars find them fresh and unique. In addition to
the exciting new possibilities, we have also highlighted the important issues and trends in Al
development in education, which are reflected in industry, government policy, and scholarly
research. The following are a few of the difficulties artificial intelligence presents for educa-
tion. The one-size-fits-all approach to education is progressively replaced by in-dividualized
and precision learning. A specific area of intelligent computer technology is the focus of Al
research in education.

Furthermore, the development of machine-generated data should be done with due
consideration for its goal, meaning, and structure. Traditional formal education institutions
are undergoing major transformations in digitally driven knowledge economies, maybe even
a paradigm shift. It is still early to see how effective Al-based learning systems are. In light of
the different ways that artificial intelligence is being used in the classroom, we are also refram-
ing and reexamining contemporary notions of education. More guidance on state-of-the-art
Al-supported learning or assessment methods is needed. Rethinking and reevaluating how to
use the current learning tools in conjunction with Al-assisted material has to be done. In
order to use Al in educational contexts, we also need to develop best practices, ethical norms,
and large-scale learning systems.

The collaboration between apps and Al is the final but equally important problem. An
interdisciplinary study combining educators and educational scholars might produce practical
advice and outstanding examples for other educators. To fully realize the promise of Al in
teaching and learning, joint research focusing on Al technology applications that might influ-
ence learning outcomes in real educational settings is essential.4.4. Internet of Things (IoT)

Wearable technology enables students to track and document their academic activities,
enhancing the interactive learning environment. The Internet of Things (IoT) has the poten-
tial to serve as an effective teaching tool for students who leverage technology to address
various problems. However, the use of IoT in education is not without challenges. Educa-
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tional institutions should focus on improved strategies, such as incorporating loT into cut-
ricula, organizing orientation sessions for staff to highlight its advantages, offering profes-
sional development plans for professors, and educating students on the wide range of IoT
applications. IoT developers and engineers must consider these factors to ensure successful
IoT adoption.

Although there have been numerous studies on augmented reality and learning analytics
within IoT-based education, the widespread adoption of these m-learning applications still
requires further research and development. As noted by several researchers, security and pri-
vacy concerns remain significant obstacles to 1oT adoption in education. Therefore, future
efforts to implement IoT in educational settings must address these issues to overcome the
challenges identified in prior research and maintain its relevance. Furthermore, wearable tech-
nology, including devices like Google Glass, is extensively used in medical education, empha-
sizing the need for researchers to examine how these technologies are applied in various fields.

5. Conclusions

This work firstly provides the effectiveness of almost all advanced technologies that can
strongly support educational tasks. The understanding of how to apply the technologies in
teaching and learning is addressed. In addition, the recent developments in those advanced
technologies have been provided and updated. These can confirm surely that the technologies
are significantly suitable for supporting educational fields. It is quite obvious that almost the
technologies are close to each other to support teachers and students. They still have different
points of usage in various teaching methods. In other words, each of them can assist teachers,
learners, and institutions in different ways. Hence, we are still researching to improve the
techniques. Research directions as opening issues are provided for potential future work.
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