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ABSTRACT

The COVID-​19 pandemic has propelled distance education into the mainstream, 
revealing that many students were unprepared for this shift due to a lack of equipment 
or internet connectivity. In response, schools and government institutions had to act 
swiftly to facilitate remote learning by providing students with necessary devices such 
as computers, tablets, and goggles, as well as ensuring access to the internet and other 
essential tools. Meanwhile, teachers sought to integrate new technologies into their 
teaching methods to foster interactivity, alleviate feelings of isolation, and enhance 
student engagement. Technologies such as Virtual Reality (VR), Augmented Reality 
(AR), Mixed Reality (MR), Extended Reality (XR, also known as the Metaverse), Big 
Data, Blockchain, and Free Space Optics (FSO) have transformed the landscape of 
learning, teaching, and assessment. Although some tools were rapidly adopted due 
to the pandemic, many of these technologies are expected to remain in use, even in 
traditional classroom settings at both schools and universities.

1. INTRODUCTION

Before the onset of the COVID-​19 pandemic, distance education was generally 
seen as a supplementary option rather than a necessity for the majority of students. 
However, in March 2020, in response to the global spread of COVID-​19 and to curb 
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its transmission, many countries implemented strict lockdowns, causing the closure 
of a wide range of establishments, including schools. As a result, educational systems 
around the world were forced to swiftly adopt distance learning on an almost daily 
basis to continue the learning process amidst the crisis. It is important to recognize 
that not all educational institutions were prepared for such a rapid transition, with 
many lacking the necessary infrastructure and resources to fully embrace remote 
learning at the time (Pregowska et al., 2021). UNESCO reported that the lockdowns 
and the ensuing pandemic disproportionately affected students in the most financially 
vulnerable situations, further highlighting the challenges faced by disadvantaged 
groups in accessing quality education during this period (United Nations Educational, 
Scientific and Cultural Organization, 2022).

In the context of distance education, teaching and learning processes are con-
ducted remotely using various software and hardware tools that enable students to 
interact with their teachers. In the past, these processes were primarily reliant on 
computers and internet connections, but with the advancement of technology, an 
increasing range of tools has been developed to make the learning experience more 
flexible, effective, and accessible (Ryan, 2023). A recent innovation in this area is 
the concept of Technology-​Enhanced Learning (TEL), which integrates advanced 
technologies into the learning process (Gashoot et al., 2023; Han & Geng, 2023). 
TEL can take many forms, including fully remote learning or a combination of 
remote and traditional face-​to-​face teaching methods (Nicoll et al., 2018). Distance 
education is typically classified into two main categories: asynchronous and syn-
chronous learning (Lu et al., 2023; Kaplan & Haenlein, 2016).

Asynchronous learning allows for interactions between the teacher and learner 
at different times, such as engaging with recorded lectures, reading instructional 
materials, or watching pre-​recorded tutorials. In contrast, synchronous learning 
involves real-​time interactions, where students participate in live online lectures 
(Hwang et al., 2023). Both approaches have gained popularity, and the choice of 
method often depends on the specific learning goals of the student. Today, a blend 
of both synchronous and asynchronous teaching is the most commonly used model, 
with students attending online classes and communicating with their teachers through 
messaging platforms (Ahlf & McNeil, 2023). Additionally, students often receive 
supplementary materials, such as text documents, digital books, presentations, 
videos, or tasks to complete using specialized software, allowing them to reinforce 
their knowledge or work independently during their free time.

Historically, to study a specific field, individuals had to physically attend classes, 
and entering certain programs often required passing entrance exams. In contrast, 
today, individuals can register online in just a few minutes and access world-​class 
lectures available to anyone, anywhere, without the need to leave their homes (Di-
Giacomo et al., 2023).
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