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Abstract: Emerging technologies and the benefits they bring with them are increasingly
entering every pore of society. A new trend combining virtual reality (VR) with the real-
world scenarios, which is reflected in mixed reality (MR) devices, primarily in the HoloLens
headset, which allows users to explore the mixed reality world and control their movements
(even without using their hands), are increasingly finding their way to education sector. The
subject of this paper is the analysis of the impact and advantages of mixed reality (MR) de-
vices in education, with a special focus on building communication and student cooperation
in the learning process. This paper aims to inform education experts about the advantages of
integrating these new technologies into the classroom to boost student motivation, enhance
students’ comprehension of the material being taught, and assist underachievers in overcom-
ing obstacles to learning. The advent of immersive technologies has made it possible for stu-
dents to learn remotely, which has shown to be very useful during the pandemic. Complex
trainings, experiments, and group projects may now be conducted in virtual environment
apart from reality, which can help students become more skilled and enthusiastic without
worrying that the results will be less effective than they would be in a traditional setting.

Key words: Virtual reality (VR), Mixed reality (MR), Education, Students, Learning
processes.

INTRODUCTION

A blend of virtual and real components displayed on a single display is known as

mixed reality (MR) (Milgram, Kishino 1994). The terms VR (Virtual reality) and MR
are used interchangeably in the literature, however, it is necessary to clearly distinguish
these two terms in order to avoid confusion (Yung, Khoo, Lattimore 2017). It might
be said that MR depicts various locations on the continuum where actual and virtual
objects combine (Pan et al. 2006).
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Users can take a more independent and dynamic part in their experiences by utiliz-
ing immersive technologies (Ostrom et al. 2015). Technological advancements have
altered how humans perceive virtual and physical environments. Throughout the up-
coming years, numerous industries will benefit greatly from this new technology (Berg-
Vance, 2016). Mixed reality technology is being used more and more by a variety of
fields, including engineering and medical research, to explain experiments that were
previously impractical in a classroom setting. Furthermore, the cost-effectiveness of
simulating practical understanding in the classroom has increased because to technol-
ogy like mixed reality (Gerup 2020).

Current new technologies have already had an impact on the sector of education,
including mixed reality. Some indicators include the prevalence of online learning, huge
open courses, and remote learning. Students’ ability to understand and relate to the
intricate ideas and concepts found in science can be substantially enhanced by an im-
mersive and experiential learning setting. Furthermore, by actively integrating students
in practical experiences and simulations, previous research from a cognitive standpoint
has demonstrated that students can improve their comprehension and retention of sci-
entific subjects by using mixed reality (Weng et al. 2019). The most significant benefits
of MR in education include training, remote collaboration, instruction and task visuali-
zation, design, and decision-making. Through practical, hands-on activities that require
students to use their spatial knowledge, these technologies help to facilitate learning, as
well as the delivery of theoretical components in the classroom (Forrester Consulting
2021). Additionally, the MR can prevent some of the negative effects of VR, such as
headaches, blurred vision when fully submerged in VR, and a loss of spatial awareness
that can cause nausea (Kim et al. 2021).

MIXED REALITY: DEFINITION AND CONCEPTUALIZATION

With the aid of computer technology, mixed reality (MR) reflects the modeling of
classes in the actual world and is thought to be a continuum in the interaction between
virtuality and reality. This scale places real space on the left and virtual space on the
right. With the primary goal of combining real and virtual surroundings to create a siza-
ble area where virtual and real items interact and cohabit in real time for user scenarios,
mixed reality (MR) stands for everything between augmented vitality and augmented
reality (Aruanno, Garzotto 2019). Real and virtual objects are combined in MR simu-
lators, which fuse both worlds together to form a hybrid (Ohta, Tamura 2014). MR
systems have three important characteristics: the first involves combining virtual and
real objects, the second relates to real-time interaction, Lastly, mapping real and virtual
objects to foster interaction between them is the third feature (Hoening et al. 2015).

The US Army implemented the first MR prototype in 1990. In order to improve
the efficiency of the implemented systems, this virtual device refers to the overlay of the
registered virtual item on the user’s real location (Rosenberg 1992). Due to the difficulty
in specifying what exactly MR is, experts have described several characteristics according
to which MR is a continuum, a combination of real and virtual, is linked to certain hard-
ware (e.g., HoloLens), and more and more experts mention that it is used for training
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purposes, as well (Speicher et al. 2019). Mixed reality is frequently used as a synonym
for augmented reality. However, it represents a superset of AR in the sense of a mix of
real and virtual objects within the framework of a single screen (Milgram-Kishino 1994).

In the public realm, virtualization technologies have been used and applied more ex-
tensively thanks to wireless MR Head Mounted Displays, which have benefited people’s
well-being, personal lifestyle and conceptualization (Kalantari 2017). In the age of tech-
nologically mediated communication and digital living, there is an increasing need for the
individual to adapt to the common culture (Baltezarevi¢ et al. 2020). These technologies
are meant to work together, allowing for simultaneous communication and instantaneous
information retrieval (Park, Jayaraman 2021). Mixed reality devices consist of four camer-
as (used to understand the environment), four microphones arrayed, an inertial measure-
ment unit, an ambient light sensor, an energy-effective depth camera, and a photographic
video camera. They also have a holographic processing unit that recognizes movement,
voice and speech. MRs are optical waveguides consisting of three layers for blue, green
and red (each with diffraction characteristics) (Microsoft 2022). Communication tech-
nologies can improve user experience (Lemon, Verhoef 2016). Visual communication de-
sign has the effect of directing people to what to think, what they need or what they want.
If the information is presented in a way that attracts the audience and convinces them
to take action, in this case we can say that visual communication has been successfully
designed (Baltezarevi¢, Baltezarevi¢ 2015). With vision-based devices, users can use hand
motions to engage with the MR world (Lv et al. 2015), also, by using an MR headset, they
are able to move around freely in the MR setting (Evans et al. 2017), which, rather than
taking its place, enhances the user experience in the actual world (Chuah 2018).

With its ability to provide remote first-person visualization, integration, manipula-
tion of interactive 3D content from actual world scenarios, and multi-directional audio
and visual communication, the HoloLens 2 is undoubtedly the most well-known mixed
reality gadget (Martin et al. 2020). Unlike other MR devices, HoloLens (produced by
Microsoft) enables exploration of the MR environment by controlling movements and
mapping positions, without using hands (Evans et al. 2017). In addition to being used
for marketing or medical purposes (for example - training young surgeons), and for
communication and educational purposes (Brondi et al. 2016), by adding virtual con-
tent to the exhibition space, MR enhances the visual experience of art, as well (Hughes
et al. 2004). It is anticipated that SG technology would improve communication effi-
ciency, enabling users to connect in new ways (Wang 2020).

MIXED REALITY IN THE EDUCATION SECTOR

Virtual technology is well known for its ability to facilitate communication
(Jovanovi¢ 2015). The entire virtual culture and computer communications demon-
strate the inextricable link between technology and society (Baltezarevi¢-Baltezarevi¢
2016). Based on cognitive theories for information processing, the adoption of augment-
ed reality can reduce the cognitive load and positively affect the cognitive fluency (Kang
etal. 2020). Mixed Reality has the potential to significantly improve people’s quality of
life (Shockoe 2022). Highly immersive experiences facilitate specific autonomic nervous
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system response patterns (Dillon et al. 2002). Physiological reactions enable a more ac-
curate evaluation of task performance and subjective ratings by providing details about
individual experience episodes (Liebold 2017).

It was commonly stated that the lack of immersion in today’s digital technologies
led to teacher and student exhaustion, lack of practical insight, and difficulties under-
standing and processing instructional content (Selvaraj et al. 2021). Immersion dis-
plays have been demonstrated to aid in information retention and improve memory
recall compared to non-immersion displays in the educational setting (Ventura et al.
2019). The students in the class gain practical understanding and experience of the sub-
ject matter being taught through the use of mixed reality, which combines sophisticated
virtual and reality simulation (Maas, Hughes 2023). By enabling learners to directly
perceive, manipulate, and interact with complicated structures, mixed reality can assist
alleviate cognitive load by diverting the brain’s attention from trying to grasp the data
and instead focus it on comprehending, digesting, memorizing, and applying it (Tech-
trends 2019). Essential to mixed-reality experiential learning is interaction, which lets
students engage with the environment and take an active role in their education (Patil
etal. 2020). MR devices provide training, communication, and simulation. While in the
same physical location, users can interact with virtual worlds simultaneously thanks to
local multiple user apps (Hoppe et al. 2020).

Through sophisticated simulation that offers teachers and students in the class-
room sensory and emotional experiences, MR technology enhances the sense of pleas-
ure and delight (Marto et al. 2020). Educators can use the features of MR, such as visu-
alization of space, engaging interactive simulations, as well as virtual adjustments, to
better align concepts related to learning, and student demands. This can lead to pro-
found learning opportunities (Alizadehsalehi et al. 2019). With an instructional strat-
egy catered to each learner’s own needs, personalized learning enables each learner to
go at their own optimal speed. This principle is followed by modern interactive learning
programs, which maximize the learner-relevant and meaningful content. This idea can
be modified and expanded upon in an MR learning environment. With AR overlays,
students might get personalized, real-time feedback while studying challenging material
or working on complex tasks. The surroundings, experiment, and virtual overlay can
all be video recorded by the system while it is learning or doing MR-supported experi-
ments (Thomas 2016). Mixed reality (MR) facilitates user involvement and feedback,
which is beneficial for students and individuals with learning disabilities. Incorporating
mixed reality into educational pathways also improves student engagement by provid-
ing them with opportunity to explore and retain knowledge better (Tang et al. 2018).

Because developers recognize the value of collaborative learning in the classroom,
they are bringing VR, AR, and MR technologies that allow students to collaborate on
projects, visit educational locations, and take part in lectures even when they are not in
the same physical location (Kazendi 2017). When compared to normal museum visits,
the study found that the interactive MR experience increased participants’ interest in and
contentment with the exhibits and provided a more vivid and immersive learning envi-
ronment. The metaverse can also be studied in terms of interaction, since mixed reality
has the potential to improve the metaverse environment, as well (Mogaji et al. 2023).
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Students will benefit from the immersion by better understanding the course mate-
rial, which is essential for maintaining high academic standards (Fidan, Tuncel 2019). It
is believed that glasses-based augmented reality will overtake screen-based augmented
reality in the coming years (Balistreri 2022). Although various issues have arisen, such
as alack of learning experiences comparable to those seen in traditional educational set-
tings. By providing students with interesting and enjoyable learning opportunities, mixed
reality technology will enhance the present digital learning approach (Huges et al. 2005).
Challenges in executing tasks during a crisis highlighted the novel possibilities offered
by digital technologies (Baltezarevi¢-Baltezarevi¢ 2021). VR requires minimal physical
interaction, and its use has increased during the Covid-19 pandemic (Rueter 2020).

CONCLUSION

Although the technology of mixed reality (MR) still has a lot of room for improve-
ment and for finding new useful functions in the educational sphere, it is undeniable
that it provides with a certain level of convenience. A review of the literature found that
with devices that enable the mixing of virtual reality and scenarios from the real envi-
ronment great progress can be achieved in the education sector. MR can improve the
process of learning, communication and cooperation, but also help those who have dif-
ficulties in mastering the material to achieve outstanding results. Also, this technology
has shown that it can be very useful in crisis periods, as was the case with the pandemic
Covid-19, because students are able to continue their education process without inter-
ruption, from the armchairs of their homes.

Because of its qualities, mixed reality in education provides teachers with new and
inventive options to explore with students. They promote more participation during
school hours, enhance interpersonal connection, and may be utilized to teach any topic
because it is simpler to see and hear something rather than describe it. Students and
teachers can use mixed reality gadgets to travel back in time and engage with objects
or people who no longer exist. Finally, MR technologies overcome geographical limits,
which benefits both student safety and the educational institution’s budget. It is indis-
putable that digital innovations, including MR, are increasingly and precisely finding
their use value in education. In the years to come, a greater number of research studies
in this area will show more precisely what the advantages of implementing these tech-
nologies in learning processes really are.
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YAOTAMEHIOBUTE CTBAPHOCTHN 'Y CEKTOPY OBPA30OBAIbA

PE3UME

HoBe TexHOAOTHje ¥ IPEAHOCTH KOje AOHOCe ca cOOOM CBe BHIIe YAa3e y CBe [Ope APYLITBA.
Hosu tpena xoju koMbunyje BupTyeary crsaproct (BP) ca crenapujiMa U3 CTBapHOT CBeTa, KOjH
ce oraeaa y ypebajuma memosute crsaproctu (MP), npBeHcTBeHO y caymaaunama XoaoAeHc, Koje
omoryhaBajy KOPHCHHIIIMA AQ HCTPAXXyjy CBET MELIOBUTE CTBAPHOCTH M KOHTPOAHILY CBOje TIOKpe-
Te (1ax u 6e3 xopumrhea pyky), CBe BHIIe IIPOHAaAA3e YT AO CEKTOpa o06pasopama. [Ipeamer oBor
PaAa je aHaAM3a yTHIAja U IpeAHOCTH ypehaja Memosure crBaproctu (MP) y 06pasosamy, ca no-
ce6HMM GOKYCOM Ha M3IPaAly KOMYHHUKAIIMje M CAPaAHe YIeHHKa y IIporiecy ydewa. Llnm oBor pasa
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je Aa cTpyumaruMa u3 06AaCTH 06Pa30Baka YKaKe Ha IIPEAHOCTH IIPHMeHe OBUX HOBHX TeXHOAOTH)jA
y 06pasoBHOM cucTeMy y Iusy noBehama MOTHBAILje yUeHHKA, TOOOAIIAKA HIXOBOT Pa3yMeBamba
CaApIKaja KOjU MM Ce IIpeAdje, AAH U IIPYKamba MOAPIIKE YIeHHUIMA Ca CAAOHM YCIIeXOM Y IIPEeBa3UAa-
JKelby N3a30Ba ydema. [1ojaBa IMep3HBHIX TEXHOAOTHja OMOryhiAa je yaeHHIIMMA AQ yde Ha AAHHY,
IITO Ce II0Ka3aA0 BeOMa KOPHCHUM TOKOM MaHAeMuje. CAOXKEeHH TPeHUH3H, eKCIIePUMeHTH U IPYITHH
NIPOjeKTH Capd MOTY Aa Ce CIIPOBOAE Y BUPTYEAHOM OKPY>KeHY He3aBUCHO OA CTBAPHOCTH, IITO MOXKe
nomohu y4eHHITMMA AQ IOCTaHy BEIUTH)U U eHTy3HjacTHIHHjU be3 bpure aa he pesyaraTu 6uru Mame
epUKACHHU HeTo y TPAAMITMOHAAHOM OKPYXKemy.

Kuwyune pewu: supryeana crsaproct (BP), memosura crsaproct (MP), o6pasopate, yaeHHIH,
IPOLIECH yuerba.
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