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Abstract. Problem statement. The authors discuss the interim results, which analyzed
the least of all the studied immersive technologies — augmented virtuality technology and its
educational potential. Various approaches to the augmented virtuality implementation by its
addition with real objects are identified. Methodology. The most effective application spheres of
augmented virtuality: transfer, copy, modified transfer, modified copy, are analysed. The aug-
mented virtuality usage in education gives an opportunity to place a student into a virtual envi-
ronment and increase the realism of the educational simulation significantly (in comparison
with virtual reality technology) by maintaining the interaction with the real world. The transfer is
the realization of a real object in virtual space in the line of sight. This technology allows to
convey the object's appearance in the most efficient way, however, it reduces the immersion
effect. The most productive usage can occur during work with people and with the presence
of real objects. The copy is a virtual copy display without functional changes, presented as
a 3D model instead of a real object. It allows to achieve maximum immersion and to imple-
ment relatively accurate interaction. The modified transfer is the real object implementation to
the line of sight with functional and visual changes in the virtual space. This technology is
most effective in conducting virtual excursions with a real guide and maximum immersion
with the partial presence of real objects. It can be used while demonstrating physical phenomena
with real objects. The modified copy is a display of a virtual copy with functional or visual
changes in relation to the original object. It is advisable to use it in the absence of real objects
or during developing practical skills. Results. Each adding virtuality method has its own ad-
vantages, disadvantages, implementation technologies and application areas. The choice de-
pends on the educational task and learning conditions. Conclusion. The augmented virtuality
usage in education gives an opportunity to place a student into a virtual environment and in-
crease the realism of the educational simulation significantly (in comparison with virtual reality
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technology) by maintaining the interaction with the real world. The choice of one of the four
main ways of reality adding should be determined by the goals, content and methods of teaching.
Methods that are used in education may be combined in various combinations. This allows to
apply augmented virtuality to various educational purposes.
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Annortamms. [locmanoska npobremvl. ONUCHIBACTCS HAUMEHEE M3y4YCHHAs W3 BCEX
UMMEPCUBHBIX TEXHOJOTHH — TEXHOJIOTHS JOIOTHECHHON BUPTYaIbHOCTH M €€ 00pa30BaTeIbHBIN
NOTCHIWAN. BrIeneHsl pa3nudHble MOAXOABl K peaju3ally JOTOJHEHHONW BUPTYaJbHOCTH
nyTeM A00aBiieHUs] B Hee peajbHbIX 00BEKTOB. Memodonocus. AHaIM3UPYIOTCsS Haubomee
3¢ deKTHBHBIE Cephl MPUMEHEHUS JTOTOJHCHHOW BUPTYAIBHOCTH: MIepeaada, KOMMPOBaHHUE,
MOU(HUIIUPOBAHHEBIN TepeHOC, MOANGHUINPOBaHHAS Komus. VCronb30BaHnE JOMOTHEHHON
BUPTYaIBHOCTH B 00pa30BaHUH ITO3BOJISIET MMOMECTUTH YYAIETOCs B BUPTYAIbHYIO Cpedy U
3HAYHUTENFHO MOBBICUTH PEATHCTHYHOCTh 00Pa30BaTEILHOTO MOACIHPOBAHHUS (TI0 CPABHEHHIO
C TEXHOJIOTHEH BUPTYAJIBHOW PEallbHOCTH) 3a CYET MOJICPKAHUS B3aUMOJCHCTBUSI C pealib-
HBIM MHpOM. [lepeHoc — 3To peanu3amus pearbHOro 00bEKTa B BUPTYaIbHOM IIPOCTPAHCTBE B
mpeenax mpsMoi BHIUMOCTH. JTa TEXHOIOTHS MO3BOJIET d(PPEKTUBHO MepeaaTh BHEIIHUIA
BUJ 00BEKTA, OJTHAKO CHIDKAET 3 eKT morpyxenus. Hanbonee nmpoayKTHBHOE HCITOIB30Ba-
HIE MOXET MPOM30HTH Ipu padoTe C JIOABMHU M NPU HAJHYHH PealbHBIX 00BekToB. Komms
MpeacTaBsIeT co00i 0TOOpaKEHUE BUPTYAIbHON KoUK 0e3 (YHKIMOHATIBHBIX H3MEHEHUH,
IpeacTaBIeHHON B Bue 3D-MoIen BMECTO peaabHOro 00BEKTa, O3BOIISET JOCTHYh MAKCH-
MaJIFHOTO MOTPYKEHUS U Peai30BaTh OTHOCUTEIBHO TOUYHOE B3aumMmoseicTre. Moaudurm-
POBaHHEBII TIEPEHOC — TO PEATU3AIMsl PEaTbHOr0 00BEKTa B TOJE 3pEHHS ¢ (DYHKIIHOHATBHBIME
Y BU3yaIbHBIMU H3MEHCHHUSMU B BUPTYaJIbHOM MPOCTPAaHCTBE. JlaHHAast TeXHOIOTHs Haubomee
3¢ eKTHBHA MIPU MPOBEACHUN BUPTYAIBHBIX AKCKYPCHH C pealbHBIM THAOM H MaKCUMAIEHOM
HOTPYKEHUH € YaCTUYHBIM MPUCYTCTBUEM pPEalbHBIX OOBEKTOB. Ee MOXHO MCHONB30BaTh MpH
JEMOHCTpAIHK (HPU3MUECKUX SBJICHUU C PEATbHBIMU 00BbeKTaMH. MoITU(HUITPOBAHHAS KOTIHS —
9TO 0TOOpa’KEHNE BUPTYAIBHOM KOMH ¢ (DYHKIIMOHATBHBIMHU WA BU3YaJIBHBIMU H3MEHEHUSIMHI
[0 OTHOIICHHUIO K MCXOAHOMY OOBEKTy. PekoMmeHmyeTcsi MCIONB30BaTh €€ MPH OTCYTCTBUH
peabHBIX O0BEKTOB WM TPH OTPabOTKE MPAKTHYCCKUX HABBIKOB. Pesynvmamoi. Kaxmplit
METOJ JONOJHEHHS BHUPTYaIbHOCTH MMEET CBOU IPEHMYINECTBA, HEAOCTATKH, TEXHOIOTHH
peauzanuu u 061acTu npuMeHeHus. Bi0op 3aBUCUT OT 00pa3oBaTenbHON 3a/1a4u U YCIOBUN
obyuenus. 3axniouenue. VIcnionb30BaHue JOMOTHEHHON BUPTYaIbHOCTH B 0Opa30BaHHUU JIAcT
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BO3MOKHOCTb IIOMECTUTbH YHallEerocs B BUPTYaJIbHYIO CpEAY U 3HAUMUTEJIbHO IOBBICUTH pea-
JHCTUYHOCTh 00Pa30BaTENbHOI0 MOJCIHPOBAHUS (II0 CPAaBHEHHUIO C TEXHOJIOTHEH BHPTYallb-
HOI peaJlbHOCTH) 3a CUET MOJIEP)KaHus B3aMMOAEHUCTBUS ¢ peabHbIM MUpOM. Bribop oaHo-
r'0 U3 YEeTHIPEX OCHOBHBIX CIIOCOOOB 100ABICHHS PEATHHOCTH TOJDKEH ONPENENSATHCS HEIsIMH,
coZiep)KaHHEeM U MeToiaMH 00ydeHHs. MeTonbl, KOTOpble HCHONB3YIOTCS B OOpa3oBaHUH,
MOTYT COUYETAThCA B PA3JIMYHBIX KOMOWHAIMSX. DTO MO3BOJSET MPUMEHSAThH IOMOJIHEHHYIO
BUPTYAJILHOCTD JJIS Pa3IMUHBIX 00pa30BaTEeNbHBIX LIEIEH.

KaroueBble cioBa: HNMMEPCHUBHBIE TEXHOJIOTWH, BUPTYyaJibHasA PCaIbHOCTb, CMEIIaH-
Has pC€aJIbHOCTb

Bxaan aBTOPOB. Bcee AaBTOPLI CACIAIA SKBUBAJICHTHBINA BKJIaJl B oAroTOBKY Hy6J'H/IKaIII/II/I.

3asiBjieHne 0 KOH(IMKTE HHTEPECOB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(UINKTA
UHTEPECOB.

Hctopust craTbu: NOCTynuIa B pefakuuto 7 aekadbps 2023 r.; nopaboraHa nocie pe-
neH3upoBanus 3 gpeppans 2024 r.; npuHaTa Kk myonukawu 10 dpepais 2024 T.

Jdast uuruposaunusi: Grinshkun A.V., Zakova A.S. Augmented virtuality technology in
education: taxonomy of augmented virtuality types / BectHuk Poccuiickoro yHuBepcurera
npyx0b1 HaponoB. Cepusi: Undopmatuzanms oopazoBanms. 2024. T. 21. Ne 2. C. 242-254.
http://doi.org/10.22363/2312-8631-2024-21-2-242-254

Problem statement. Currently, the technology of augmented virtuality is rarely
used during the educational process despite its great educational potential [1]. Un-
fortunately, the technology of augmented virtuality sometimes is applied without
taking into account its specifics, so the educational effectiveness may even de-
crease. “Transferring” the user's hands into a virtual space (where a small assort-
ment of virtual instruments is often used) can be an example of improper applica-
tion of augmented virtuality that may lead to a drop in learning efficiency.

In this case, the real image of the user's hands will be significantly different
from the virtual environment. Consequently, the learner's level of immersion can
reduce drastically [2]. Furthermore, the convenience and efficiency of interaction
with virtual space can be significantly decreased due to the inability to transmit
(with the current level of technology) some tactile feedback (touches, vibrations,
weight, features of controls, etc.). In this instance the usage of specialized virtual
reality systems controllers is preferable.

As immersive technologies, particularly augmented virtuality, play a signif-
icant role in the development of educational systems, it is useful to analyze the
research, that exists in this area. It should be noted that few research works and
papers reveal this technology in an educational field [3—10]. However, these stud-
ies offer broad perspectives on the utilization and benefits of augmented virtuality
technology in educational field. Moreover, certain scholars for example, focus on
specific elements, such as perception of material in virtual reality and how to use
it in educational purposes [8].

Russian researchers from Moscow City University have uncovered that integra-
tion of augmented virtuality can be useful and helpful in educational activities
with primary school students. It can successfully influence their cognitive pro-
cesses [9]. What is more, some researchers found out that the use of augmented
virtuality technology can cultivate specialized competencies for educators utilizing
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such immersive tools [11]. Also it has been observed that augmented virtuality facilitates
the engagement of multiple sensory modalities, enhances precision in interaction with
objects and systems, enables feedback mechanisms, improves the quality and depth of
mentor-student communication, and supports practical training with real devices within
simulated virtual environments [7]. Some experts have noted the high technical de-
mands associated with implementing learning through augmented virtuality [6].

Augmented virtuality underutilization in education lead to reduced educa-
tional effectiveness when applied incorrectly without considering specific factors.
Improper applications, such as transferring the user's hands into a virtual space
without accounting for differences between the real and virtual environments, can
lower learner immersion levels and hinder interaction efficiency due to the inabil-
ity to transmit necessary tactile feedback.

The aim of the study is to demonstrate the augmented reality education po-
tential and to identify various approaches to the augmented virtuality implementa-
tion by its addition with real objects.

Methodology. To solve the problem of augmented virtuality underutiliza-
tion and improper usage, it is possible to identify various types of virtuality addi-
tions and determine the areas of applicability in the educational field for each of
them [12; 13]. This research proposes the classification of technologies for sup-
plementing virtuality according to types of transferring real objects into virtual.

Results and discussion. A transfer (transmission) — this is a “literal” repre-
sentation of a real object in virtual space: body parts, humans, tools, devices,
objects being studied, etc. At the same time, the user simultaneously sees both
the virtual environment and certain real objects (Figure 1).
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Figure 1. An implementation example of augmented virtuality educational system (the transfer technology).
All objects are real except the background environment

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://Idpr.ru/event/382913 (accessed: 01.12.2023); https://thumbs.dreamstime.com/b/research-institute-d-cg-
rendering-95173764.jpg (accessed: 01.12.2023); https://abc.ru/catalog/mikroskop-levenhuk-7s-ng-monokularnyj-
125834.html (accessed: 01.12.2023); https://avatars.mds.yandex.net/i?id=dfc1f9bb29683bd4113cb9e84f1ddb93_I-
5329796-images-thumbs&n=13 (accessed: 01.12.2023).
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Such type of mapping can be implemented in various ways:

— with the virtual reality helmets usage;

— the video signal is broadcast through external cameras, transferring the
object “cut out” from the real environment to the virtual space (Figure 2).

Figure 2. The difference in the appearance of real shooting and computer graphics

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://topuch.com/11-cinip-2-tosan-tjb-oushini-ati-jni/956500_html_7874b54b81e00cb5.jpg (accessed: 01.12.2023).

“Cutting out” a real object from a completely virtual space (in a virtual reality
helmet) is relatively easy to implement with available equipment, however, the
quality of such transfer usually remains at a low level. The difference in the appear-
ance of real shooting and computer graphics reduces the effect of immersion.

The creation of a high-precision virtual copy of the object is carried out on
a 3D scanning technology basis. The real object appearance, its functionality, and
the virtual copy should match as much as possible. The virtual copy must repeat
the position and state of the original in real-time (Figure 3).

Creating a high-precision virtual 3D model of a real object or person re-
quires a 3D scanner. The final image may be more uniform and the real objects
will not differ from the virtual ones so much, however, some very small details
may be lost with the augmented reality glasses usage [14; 15] (Figure 4).

Adding a virtual environment using augmented reality is functionally simi-
lar to “cutting out” a real object from a completely virtual space in a virtual reality
helmet [16]. Due to the peculiarities of the current level of development of aug-
mented reality technology, the virtual space will be translucent and through it will
be possible to observe the real environment, which increases safety, but reduces
the effect of immersion with the Augmented Virtuality room usage the user sees
the virtual environment around using projection technology or screens and simul-
taneously interacts with real objects and people nearby (Figure 5).
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Figure 3. Image quality in virtual reality glasses

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova.

Figure 4. The augmented reality system builds a virtual world on a transparent display,
leaving transparent areas occupied by real objects

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Picture is taken from:
https://www.zdnet.com/article/hololens-chief-kipman-is-out-so-whats-next-for-microsofts-metaverse-strategy/
(accessed: 01.12.2023).
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Figure 5. CAVE Automatic Virtual Environment

Source: screenshot by Alexandr V. Grinshkun, Anastasia S. Zakova, taken from:
https://www.youtube.com/watch?v=Gb9ayYGM-4c (accessed: 01.12.2023).

Augmented virtuality rooms, also known as CAVE Automatic Virtual Envi-
ronment [17], have become widespread due to the relatively simple technical im-
plementation and to the possibility of using one room by several people.

As noted earlier, the immersion effect into a virtual environment during the trans-
fer can be drastically decreased due to the significant visual difference between
real objects and virtual ones. However, the transfer can show (present) valuable
results if it is necessary to demonstrate something very accurately from the real
world in a virtual space [18; 19].

More accurate facial expressions and human movements transfer can be an ex-
ample of appropriate usage of the transfer technology. Transfer, besides, is useful
when a virtual image of a real object, the real object itself, or its textured 3D model is
absent. This technology is expedient when a majority of objects for user’s interaction
are available in real circumstances, however, it is necessary to demonstrate inaccessi-
ble environments such as a laboratory, a museum, excavations, other countries, etc.

A copy — is a real object replacement with its virtual copy without function-
al changes, presented in 3D model form. The user observes only virtual space,
while some objects in the virtual world are closely related to real ones. It means
that virtual objects repeat the real object’s attributes including position in space,
shape, dimensions, etc. This type of augmented virtuality in the comparison with
the technology of virtual reality allows providing more realistic tactile feedback
because the user interacts with real objects and virtual space at the same time.
The copy in contrast with the transfer does not destroy the immersion effect, since
all objects look uniform. It is advisable to use real objects (such as tools, devices,
etc.) or precisely made substitute models, which have all the necessary features
for the full-fledged tactile feedback implementation as real objects.

As an effective way of copy usage, the student’s placement in virtual space
can be mentioned. In these circumstances, the learner has a possibility of interaction
with various objects that are essentially important in receiving the tactile feedback,
since the accuracy reduction of its visualization is possible. It should be noted that
an essential condition during copy usage is the presence of real objects (Figure 6).
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Figure 6. An implementation example of an augmented virtuality educational system (the copy technology)

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://Idpr.ru/event/382913 (accessed: 01.12.2023); https://thumbs.dreamstime.com/b/research-institute-d-cg-
rendering-95173764.jpg (accessed: 01.12.2023); https://abc.ru/catalog/mikroskop-levenhuk-7s-ng-monokularnyj-
125834.html (accessed: 01.12.2023); https://tr.pinterest.com/pin/play-the-games--501447739742847562/
(accessed: 01.12.2023).
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Figure 7. An implementation example of an augmented virtuality educational system
(the modified transfer technology)

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://Idpr.ru/event/382913 (accessed: 01.12.2023); https://thumbs.dreamstime.com/b/research-institute-d-
cg-rendering-95173764.jpg (accessed: 01.12.2023); https://abc.ru/catalog/mikroskop-levenhuk-7s-ng-monokularnyj-
125834.html (accessed: 01.12.2023); https://tr.pinterest.com/pin/play-the-games--501447739742847562/
(accessed: 01.12.2023).

All objects are virtual. The virtual 3D model of the microscope exactly re-
peats the actual object. A modified transfer is a kind of virtuality augmenting,
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where the user, besides the virtual environment, can observe and interact with real
objects (Figure 7). Unlike in transfer, the system adds new properties to real ob-
jects such as instrument readings, dynamic instructions, malfunction emulation,
various effects, phenomena, clothing changes, etc.

The system does not only add a virtual background, but also adds an inac-
cessible “property” to a real object — a virtual model of a living cell.

If it is necessary to demonstrate an inaccessible environment and a high-
precision integrated object demonstration that is available but does not have all
essential properties the modified transfer usage is expedient. In this case, the re-
quired trait can be added in the virtual environment with the help of modification.
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Figure 8. An implementation example of an augmented virtuality educational system
(the modified copy technology)

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://ru.pinterest.com/pin/Impara-steampunk--762445411908051705/ (accessed: 01.12.2023);
https://Idpr.ru/event/382913 (accessed: 01.12.2023); https://thumbs.dreamstime.com/b/research-institute-d-
cg-rendering-95173764.jpg (accessed: 01.12.2023); https://tr.pinterest.com/pin/play-the-games--501447739742847562/
(accessed: 01.12.2023). The 3D model from the Microsoft Office stock model database.

A modified copy is a virtuality’s addition type, that allows the user to observe
only virtual space. At the same time, some objects in the virtual world are closely
related to real objects (as in copy technology). Virtual modified copy has an im-
portant change of the transferred object (Figure 8). Unlike in copy, the system adds
new functions or visual traits to real objects. What is more, a major “related” pro-
perty is the position in space while other traits can be changed by modification.

All objects are virtual. The wooden microscope model sample is replaced by
a functional 3D model of a working professional microscope by the system.

Thus, it is possible to increase the tactile feedback level in relation to ordi-
nary virtual reality, even if there are no full-fledged real objects, whereas there are
real substitute models resembling a real object in shape, weight, texture, controls,
etc. Objects that are printed on a 3D printer, assembled with the help of various
constructors, wood, paper, or papier-mache can become such substitute models.
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The modified copy allows using real substitute models in the object of study
absence. The augmented virtuality system will replace the appearance of the
“blank” with the required one and simulate the missing functionality.

The modified copy application is expedient when the classroom environment is
unsuitable to demonstrate or to conduct an experiment, in the event, the educa-
tional task is to develop a basic practical skill for a particular job (Figure 9).

Papier-mache

ty

4

_’%‘4_

p-.

Wooden model Virtual 3D model 3D printing

Figure 9. Models of microscopes

Source: created by Alexandr V. Grinshkun, Anastasia S. Zakova. Pictures are taken from:
https://ru.pinterest.com/pin/Impara-steampunk--762445411908051705/ (accessed: 01.12.2023);

https://ru.pinterest.com/pin/755197431242074246/ (accessed: 01.12.2023);
https://ru.pinterest.com/pin/399272323184873644/ (accessed: 01.12.2023); https://rc74.ru/raznoe/kak-
sdelat-mikroskop-iz-bumagi-bumazhnyj-mikroskop.html (accessed: 01.12.2023); https://main-

cdn.sbermegamarket.ru/big2/hir-system/-22/944,/508/374/915/100066718875b0.jpeg (accessed: 01.12.2023).
The 3D model from the Microsoft Office stock model database.

This allows the augmented virtuality systems to work similarly to classical
virtual reality, yet the tactile feedback will be improved due to the presence of
physical substitute models. It should be noted that this method is hardly applicable
when the interaction between users is necessary. The difficulty appears because of
poor emotion and gesture conveyance by virtual copies or due to the low detail
relativity of 3D-models. Thus, the most suitable type of reality adding for educa-
tional purposes may be found:

— the transfer is useful for work with people and with the actual objects
presence;

— the copy allows the maximum immersion and precise interactions;

— the modified transfer may be used for virtual excursions with a real guide
and maximum immersion into environment with the partial presence of real ob-
jects and the need to demonstrate physical phenomena with real objects;
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— the modified copy is useful in the absence of actual objects and helps to
develop practical skills.

This research highlights the benefits and drawbacks of augmented virtuality
and its usage areas. It demonstrates the possibility of developing and applying vir-
tual models-samples for teaching schoolchildren with augmented virtuality usage
in the most effective way.

Conclusion. The article demonstrates that little number of researchers study
the augmented virtuality usage in education. It is important to notice that aug-
mented virtuality has huge educational potential and some researchers are trying
to investigate the pedagogical tools and approaches that will identify how to use
this technology properly in school education.

The augmented virtuality usage in education gives an opportunity to place
a student into a virtual environment and increase the realism of the educational
simulation significantly (in comparison with virtual reality technology) by main-
taining the interaction with the real world.

The choice of one of the four main ways of reality adding should be deter-
mined by the goals, content and methods of teaching. Methods that are used in
education may be combined in various combinations. This allows to apply aug-
mented virtuality to various educational purposes.
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