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Abstract. Problem statement. The modern social and communicative situation requires
fundamental changes in didactic models, educational engineering and pedagogical design. The
Russian experience has certain specifics in the digital transformation of vocational education.
Afewyearsago, anew trend appeared in the world — the restructuring of educational technologies
(EdTech) in the direction of phygitalization. At the junction of the digital and physical worlds,
in 2013, such a concept as digital technologies was born. Phygital (physical + digital) isa complex
of technologies where students get a unique interactive experience using both traditional material
sources of educational information and virtual communication in the educational process. The
emergence of such a phenomenon as phygitalization is due to the fact that the boundaries
between the physical and digital are becoming increasingly blurred, which opens up new
opportunities for socialization and professionalization (including in the higher education
system). This area of educational activity is considered a priority and basic direction of the
transformation of Russian education. Within the framework of this direction, the main attention
is paid to the following aspects: (a) the use of Internet resources for pedagogical purposes, (b) the
structuring of the curriculum in accordance with the modular principle, (c) an increase in the
amount of study time for solving practical problems, (d) presentation of knowledge in accordance
with the level of success of passing the previous blocks of educational information by each
student (individual learning paths), (e) evaluation of the effectiveness of learning outcomes. The
purpose of the study is to briefly, but, if possible, fully describe the methodological, theoretical
and technological foundations of the phygitalization of educational technologies. Methodology.
Such inter-scientific approaches as system-structural, system-activity, and pedagogical
competence approach were used. A content analysis and thematic monitoring of the
implementation of phygitalization in universities was carried out. Resulfs. 1) The main directions
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of phygitalization of educational technologies are analyzed: a) use of teachers’ personal websites,
b) the development of virtual laboratories, ¢) the use of generative language models of artificial
intelligence.; 2) the importance of each component is analyzed and examples of how they can
be implemented in practice are given, the main problems are discussed and potential solutions
are proposed; 3) an overview of the main functions of the phygitalization of educational
technologies is presented, including the definition of this trend, characteristics and main
problems; 4) the main methods and tools used in the phygitalization of educational technologies
are discussed; 5) the most promising areas of research in this field are determined. Conclusion.
The phygitalization of educational technologies at universities has the potential to increase the
subjectivity of vocational education by providing students with individual learning trajectories
and a much more exciting learning experience.

Keywords: university, teacher’s personal website, virtual educational laboratories,
generative artificial intelligence, educational engineering, pedagogical design
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dupxutannsauma oépasoBaTesibHbIX TexHonorui B Poccun:
HanpasJieHUs, NpUuMepbl, NPOoo6NeMbl
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Annoramus. [locmarnosxa npoonemsi. CoBpeMeHHasI COLMATbEHO-KOMMYHUKATUBHAST CHU-
Tyalusi TpeOyeT KapAMHAIbHBIX U3MEHEHUI B TUAAKTUYECKUX MOJENSX, 00pa30BaTeIbHOM
WHXWHUPWHIE U MIeJarornyeckoM au3aitHe. Poccuiickuii onbIT uMeeT onpeAe/IcHHYIO CIiel-
nbUKy B LIM(PPOBOI TpaHchopMalmu TipodeccuoHanibHoro oobpazopaHusi. Heckonbko JieT
Hazag B MUpE IIOSIBUICSI HOBBIA TpeHA — MepecTpoiika 00pa30BaTeIbHBIX TEXHOJIOIMIA
(EdTech) B HanpaBaeHun pumkutanuzanmu. Ha cteike 1udpoBoro u ¢pu3myeckoro MUpoB B
2013 . poauiach Takasi KOHLEMNIMsI, Kak (umkuTtan-rexHonoruu. Phygital (dpusuueckuii +
11 poBOil) — 3TO KOMILIEKC TEXHOJIOTHIA, Oaronapsi KOTOPOMY CTYIEHTBI TTOIy4aloT YHU-
KaJbHBII MHTEPAKTUBHBIN OIBIT, UCMOJIb3Ysl BO B3AMMOCBSI3U KaK TPaAULIMOHHBIE MaTepy-
aJlbHble UICTOYHUKM y4eOHOI MH(pOpMallMK, TaK U BUPTyaJibHOE 00IlIeHUe B 0Opa3oBaTe/ib-
HoM mipotiecce. [TosiBieHre TaKoro sIBIeHUS, Kak (PUIKATAIM3aLMs, CBSI3aHO C TEM, YTO rpa-
HUIIbI MEXKIY (PU3MYECKUM U IUDPOBBIM CTAHOBSITCS BCe 00Jiee pa3MbITBIMU, YTO OTKPHIBAET
HOBbIE€ BO3MOXHOCTH ISl COLIMAIM3alMM U TTpohecCHoHaIM3alMK (B TOM YKCJIe B CUCTEME
BBICIIIET0 00pa3oBaHus). DTO HallpaBIeHUe 00pa30BaTeIbHOM ASSTEIbHOCTY CUUTASTCS IIPU-
OPUTETHBIM U 0a30BbIM 7151 TpaHCHOPMALIMU POCCUIICKOTO 00pa3oBaHusl. B pamkax naHHOro
HanpaBJieHUs OCHOBHOE BHMMaHUE yAEJSIeTCs CJAEMYIOIIMM acrieKTaM: (a) UCTIONIb30BaHUIO
MHTEPHET-PECYPCOB B IEAArormyeckux 1eisx, (0) CTpyKTYpUpPOBaHUIO Y4eOHOU Mpo-
IrPaMMbI B COOTBETCTBUU C MOIYJIbHBIM IPUHIIUIIOM, (B) OTHOCUTEIbHOMY MpeodIataHuIo
MPaKTUIECKUX U JJAOOPATOPHBIX 3alaHUiT HAJl TEOPETUUECKUM MaTepuaioM, (T) pa3paboTKe
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VHIUBUAYATBHBIX TPAEKTOPUIL OOYUEHHUsI HA OCHOBE MOHUTOPUHTA YCTIEITHOCTA OCBOCHMUSI
00yYaIOIIMMUCS IPEAbLTYILMX MOIYJIel, (1) ITorckaM 6os1ee 3(p(heKTUBHBIX METOIOB OLIEHKI
pesyabsraToB o0yueHusl. Llenb uccienoBaHust COCTOUT B TOM, YTOOBI KPaTKO, HO, IO BO3MOX-
HOCTH, TIOJIHOCTBIO OMUCATh METOJ0JOTMYEeCKHEe, TEOPETUUECKUE U TEXHOJIOTUUECKUE OCHO-
Bbl GUIKUTAIM3ALMKA 00pa30BaTe/IbHbIX TeXHOIOTUA. Memodoaoeus. VIcnonb30Baauch Ta-
Kre MEXHAydHbBIe TIOIXOMbI, KaK CHUCTEMHO-CTPYKTYPHBIM, CHUCTEMHO-IESTeIbHOCTHBIN,
a TakKe MeJarormyeckrii KOMIEeTEHTHOCTHBIM MoAXoA. bbul MpoBeneH KOHTeHT-aHaIu3 1
TEMaTUYECKUIT MOHUTOPUHT BHEAPEHUS (DPUIKUTATU3ALMU B YHUBEPCUTEThI. Pesyabmamet.
1) IIpoaHanu3upoBaHbl OCHOBHbIEC HaIlpaBieHUsT (PUIKUTAIU3ALUN 00pa30BaTeIbHbIX TeX~
HOJIOTHIA: a) MCITONIb30BaHNe ITePCOHATBHBIX BeO-CaiTOB TIperoaBaTeieii, 0) pa3BUTHE BUP-
TyaJIbHBIX JJAOOPATOPUii, B) UCTIOJIb30BaHUE T€eHEPATUBHBIX SI3bIKOBBIX MOJIE/ e UCKYCCTBEH-
HOTO MHTEJUIEKTa; 2) MpOoaHAIM3WPOBaHA BaXKHOCTb KAXKIOrO KOMITOHEHTA W MPHBEAEHbI
TIPUMEPHI TOTO, KaK OHU MOTYT OBITh peaJ30BaHbl Ha TPAKTHKE, 00CYXKICHBI OCHOBHBIC
npobJeMbl U TIPeIOKEeHbI MOTEeHLUMAbHbIE pelleHus; 3) MpencTaBieH 0030p OCHOBHBIX
(byHKUMI DUIKUTATM3AMNA 00pa30BaTeIbHBIX TEXHOJIOIM, BKIIOYasi OMpeAe/icHUe STOI
TEHJEHIIMU, XapaKTepUCTUKU 1 OCHOBHBIE MTPO0JIeMbI; 4) 00CYXK1al0TCSI OCHOBHBIE METO/IbI U
WHCTPYMEHTHI, MCTTOTb3yeMble B (QMIKUTATN3AIINN 00pa30BaTeIbHBIX TEXHOJIOTHIA; 5) orpe-
JEJISTIOTCSl HanboJiee MepCreKTUBHbIE HAMTPaBJIEHUS UCCIIEIOBAHUI B 3TOI 00J1aCTU. 3aKar0-
yenue. PumKkUTAIM3AIMS 00pa30BaTeIbHBIX TEXHOJIOTUI B YHUBEpCUTETax 001a1aeT MOTeH-
LIMaJIOM TIpeoOpa30BaTh BhICIIIEe 0Opa30BaHME, TIPEIOCTABISS CTyACHTAaM 3aXBaThIBAIOIIHA,
MepCOHAIM3UPOBAHHBIN U YBJIEKATEIbHBIN OIBIT 00YYeHUsI, KOTOPbIA MOXET MOATOTOBUTH
UX K OyaylIeit Kapbepe U YIyUIIUTh UX OOIIUe Pe3yabTaThl 00ydeHUsI.

KioueBble cioBa: yHUBEpPCUTET, (DUIKUTAIU3ALIS, TIEPCOHAIBHBIN CAalT MpernoaaBa-
TeJIs1, BUPTyaJibHblE 00pa30oBaTeibHbIE 1a0OPaTOPUU, FeHEPATUBHbBIN UCKYCCTBEHHBIN UH-
TeJIJIEKT, 00pa30BaTe/IbHbII MHXWHUPUHI, IIe1arorudecKuii au3aitH

3asBieHne 0 KOHGIMKTe MHTEpPEeCOB. ABTOD 3asBJsIeT 00 OTCYTCTBMM KOH(IMKTA
WHTEPECOB.

HcTopus cratbu: noctynuia B peaakiimio 15 sHpaps 2024 r.; nopaboTtaHa rocie pe-
neHsupoBaHus 11 Mast 2024 r.; npuHsTa K nydaukanyu 18 mast 2024 .

Jna murupoBanus: Kapferev Al. Phygitalization of educational technologies in Russia:
directions, examples, problems // BectHuk Poccuiickoro yHuBepcuTeTa Ipy>KObl Hapo-
noB. Cepusi: MHbopmartuzanus obpasoBanus. 2024. T. 21. Ne. 3 C. 308—327. http://
doi.org/10.22363/2312-8631-2024-21-1-308-327

Problem statement. In recent years, there have been significant changes in
information consumption associated with revolutionary developments in
generative artificial intelligence, which has turned into a powerful technology
with applications in educational technologies. However, despite its many
advantages, generative artificial intelligence (Al) creates a number of problems
that need to be solved, especially in universities. In this article, we will look at the
problems of phygitalization in the higher education system and suggest possible
ways to solve them.

EdTech phygitalization agenda is especially relevant in Russia today due to
the following reasons:

— the geographical, financial and technological diversity of the regions of

Russia, the different number of students and teachers, the orientation and
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distance from the center of universities, including research, the primary
task of which is the need for their closer interaction with scientific centers.
This is a condition for the further development of the entire system of
vocational education in Russia [1];

— global changes caused by the need for every professional to rely on analytics
in decision-making [2];

— progress in the development of educational technologies using artificial
intelligence systems and allowing for significant personalization of
learning [3];

— the transition from centralization of education management to
regionalization, where local self-governing network communities arise,
including those capable of quickly spreading emerging innovations [4];

— the growing number of educational models and technologies using the
capabilities of virtual, augmented and mixed realities (VR, AR, MR) [5-7].

The main purpose of the article is to draw the attention of professional teachers
to the new phenomenon of phygitalization of educational technologies, as well as
to show some directions of this trend, its functions, practical examples, and
problems along this path. Given the above-mentioned specifics the paper tasks are:

— toprovide detailed characteristics of the situation in EdTech phygitalization
and its correlation with the processes of professionalization, virtualization,
digitalization;

— to describe EdTech phygitalization as a multi-dimensional and multi-
level process;

— to describe the directions of using teachers’ personal websites, virtual
laboratories, generative Al as system-forming elements of EdTech
phygitalization;

— to specify the functions of EdTech phygitalization;

— to develop teachers’ personal websites in accordance with the described
technology;

— to develop virtual laboratories, test them;

— to describe opportunities of generative Al in education.

The emergence of such a phenomenon as phygitalization is due to the fact
that the boundaries between the physical and digital are becoming increasingly
blurred, that opens up new opportunities for socialization and professionalization
(including vocational education). This area of educational activity is considered
a priority and basic direction of the transformation of Russian education. Within
the framework of this direction, the main attention is paid to the following aspects:
(a) the use of Internet resources for pedagogical purposes, (b) the structuring of
the curriculum in accordance with the modular principle, (¢) an increase in the
amount of study time for solving practical problems, (d) presentation
of knowledge in accordance with the level of success of passing the previous
blocks of educational information by each student (individual learning paths),
(e) evaluation of the effectiveness of learning outcomes.

Methodology. Such inter-scientific approaches as system-structural, system-
activity, and pedagogical competence approach were used. The cognitive,
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semantic, ontological and functional analysis of the implementation of
phygitalization in universities was carried out. This article demonstrates the
mutual influence of EdTech phygitalization and the integration of traditional
pedagogical technologies into the educational process at universities at the
present stage. Let’s list a number of conditions for digitalization of higher
education. It is necessary to systematically manage the goals, subjects, processes
and results of education (we call this cognitive management in education). Such
cognitive management includes infrastructure management, management of
educational content, individual trainees and their groups, university infrastructure
management, management of sets of competencies and their assessment,
management of motivational structures of the microenvironment, improvement
of interaction with employers and partner universities.

The author’s position on this issue can be reduced to the following points.

EdTech phygitalization such as mobile learning, teacher’s personal website,

virtual laboratories, Al elements, cases and dashboards:

— are computer information systems used to complement the full-time
educational process;

— structures the learning content more clearly and enhance the
personalization of the educational process;

— allows teachers to manage authorized access to individual course modules;

— allows to create and use rich search and navigation capabilities of virtual
educational content through CSS menus and hyperlinks, visual models
and dashboards;

— visualizes the necessary information using news blocks and content feeds
created by the teacher and integrated into the site from other sources;

— improves students’ professional collaboration skills by encouraging the
exchange of information in virtual groups of students at various conferences
and forums;

— have portal capabilities, namely, they take into account the elective
capabilities of the educational program; they allow monitoring didactic
success, offering the student to choose a module corresponding to the
level of his competence at a particular time; they include remote control
tools; they provide multimodality and omnichannelity, i.e. active access to
information from various user devices, etc.

Nevertheless, in the process of digital transformation of universities, many

global challenges arise:

— transition to a completely new type of society with increased
interconnectedness of all participants in social and professional
communication;

— transition to a new type of culture dominated by on-screen rather than
paper information, available for endless replication, modification and
transformation on any student’s devices;

— transition to a new type of social communication, involving the dominance
of virtual contacts over real ones.
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We believe that EdTech phygitalization will be successful only if they take
into account the motivation of students and are in line with the local cultural
traditions of the organization they are implied in.

Results and discussion

1. EdTech phygitalization. Structure and functions

Though today EdTech phygitalization is mostly seen as management of
educational processes with the help of Big Data, we define EdTech phygitalization
in a far broader sense — as a creative combination of tangible and virtual products
and services in the process of digital transformation of various aspects of education
aimed at analyzing challenges and discerning their reasons, setting objectives and
goals and reaching these goals. Thus, it is important to define different levels of

EdTech phygitalization, which are presented below (Table 1).

Table 1
Factor model of EdTech phygitalization
Aspects
Subject Process Technology Result Methods Means
Levels
Ministry Prescriptive ?‘A'Ilte&)l(v”‘
of Science analytics Educational | Artificial rvx,
. Labor market | Management . - . . PowerBI,
and Higher (asitshould |policy intelligence )
d Loginom,
Education be)
etc.)
. Predictive
High analytics Clusters of Statistica
Education Employment | Modeling : o Data mining '
. (what will specialties SPSS, etc.
Institute
happen)
Diagnostic Cloud Compass,
. . . Competence Mattermost,
Department | Curricula Planning analytics and portal
patterns - VK Teams,
(what to do) solutions
etc.
Descriptive . :
Teacher Course Teaching analytics Learning Ped_agoglcal AR, VR, MR,
modules outcomes design Al agents
(how to do)
Note: *NN — neural nets, **ML — machine learning.
Source: compiled by Andrey |. Kapterev.
We have identified and justified the following functions of EdTech

phygitalization: (a) informational, (b) communicational, (c) motivating,
(d) transformational, (e) personalizing, (f) image-building.
Many people note that today, since computer science as a whole is gradually

turning from an applied science into a fundamental science, the information
function of digitalization is actually multicomponent. The universality of EdTech
phygitalization assumes that all educational and information processes are aimed
at research tasks, increasing the independence of each student, especially if he
uses artificial intelligence agents.

The communicational function manifests itself in consistency, i.e. when
creating a teacher’s personal website (TPW), its developer pursues the task of
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creating consolidated multimedia content suitable for all author’s courses and
types of personal activity. The TPW provides the teacher and the student with a
wide range of opportunities, ranging from working with an electronic textbook to
audiovisual interactive communication. The TPW combines consistent logically
arranged educational content, followed by tests. Apart from it, there is another,
even more significant part — auxiliary material (anthologies), placed either in the
TPW or outside, with links.

The motivating function of TPW is manifested in the fact that it allows you
to solve urgent educational and research tasks, not just by providing access to
inexhaustible sources of information, as in conventional browsers, but by
structuring specially selected and organized pedagogical content. TPW
unwittingly generates professional and educational spaces, stimulating
interdisciplinary and cross-cultural research. The primary task is to comply with
a reasonable measure of phygitalization, i.e. the balanced use of digital and
traditional educational elements. In TPW, this task can be implemented by
alternating online and offline modes of interaction with trainees and integrating
special collaboration blocks. In general, thisapproach develops internal discipline
in the student, develops teamwork skills.

The transformational function demonstrates the evolution of professional
education from a one-sided oral channel of professional communication
(teacher — students) to a multidirectional polylogue and multimedia educational
content. The TPW attempts to build into a single educational research system
most diverse kinds and types of information sources, accompanied by bibliography
and videography.

The personalizing function proves itself in characteristic properties of the
TPW. Firstly, in terms of didactic variability the TPW serves as a tool of digital
educational engineering and provides unlimited access to students and colleagues
in various modes (lectures, self-study content, reference support, etc.). With
scientific data quickly becoming outdated, educational trajectories have to be
developed further, fit-all-sizes ones are no longer appropriate. The individualized
educational function implies interactivity, which allows the user to choose the
best suitable learning trajectory, the learning rhythm, ‘level of immersion’ and,
of course, opportunity to assess how well the basic blocks of knowledge have
been mastered, which the student reports to the teacher.

The image function manifests itself in promoting the ethics of higher
education, enhancing the role of the teacher as an enthusiastic researcher, a
successful and motivated professional whose achievements are recognized by the
scientific community. This function is supported by optional information about
the teacher as a person with related hobbies.

2. Proposed solutions

2.1. Teacher’s personal website (TPW) in EdTech phygitalization

An author’s personal website is a computer educational and research system
with a hierarchical structure. On the screen there are always either drop-down
menus built on CSS technology, landing technology or frames (content frames
and menu frames).
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The TPW, developed by the author, contains the following main sections,
which are accessed on the main page through drop-down menus:

(a) projects,

(b) career,

(c) tutorials (educational and research complexes for individual courses),

(d) cases,

(e) texts (where some significant publications of the author are placed),

(f) hobbies.

In the projects section the projects implemented by the author are placed,
which aims to show the scope of professional interests of the teacher. By clicking
the hyperlinks for a particular project the student can get acquainted with it in
more detail.

Overall, the upsides of the TPW can be summed up as following:

— TPW provides 24/7 access to information;

— TPW enables users to compartmentalize educational content (professional

knowledge) with the help of effective navigation tools;

— TPW gives different groups of students an opportunity to manage the
content in the way most convenient for them, either with or without
authorized access;

— TPW provides effective search engines coupled with visualizing tools
(dropdown menu, custom search tools, visual tools);

— TPW is a quick delivery system, which gets across necessary information
though news blocks, data feeds, either created by the teacher or integrated
from other sources;

— TPW encourages information exchange in the group of learners due to
different conferences and forums, helps get access to other web-services
for in-house and outside work;

— TPW provides services of customization, allocation of resources, client’s
place arrangement, tracking the works completed, etc.

TPWs offer numerous advantages in the realm of EdTech phygitalization:

1. TPWs not only facilitate the exchange of professional information, but
also significantly save students’ and teachers’ time searching for and using
content for control and laboratory tasks, fostering the exchange of ideas,
feedback, and collaborative problem-solving.

2. TPWs help teachers and students keep up to date with the latest trends,
tools, and best practices in the field. Teachers can use their websites to create
headings, develop assessments, and monitor student progress. This can enhance
the overall effectiveness of digital learning environments.

3. TPWs simultaneously act as a virtual platform for teachers to collaborate,
where they can share their teaching experience. This contributes to the formation
of a sense of common purpose and support, which is especially valuable for
teachers who may feel isolated or disconnected from their peers due to various
barriers such as age, experience or level of digital culture.
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Overall, TPWs are a valuable resource for teachers interested in modeling
digital professional spaces, providing opportunities for collaboration, professional
development, assessment, and community building. Detailed possibilities of
using TPWs in EdTech phygitalization are further explored in the referenced
monograph [8].

2.2. Virtual laboratories in EdTech phygitalization

In our research, we employ virtual laboratories (VLs) — specially designed
sites for gathering, analyzing, and visualizing thematic information.

1. Our VL “PROFSILA” (http://profsila.wixsite.com/profsila) includes
various functional elements designed for intuitive navigation, transition to tests,
visualization of test results and a block of career guidance recommendations.
The system is an interactive website compatible with major browsers that support
HTML 5.0.

2. The “ELLIPSE” VL (http://www.mediagnosis.ru/Autorun/Our/Other/
Kapterev/Elips/Elips.htm) focuses on diagnosing various substructures of
professional consciousness in Master’s degree students. It measures professional
interests, needs, values, norms, and activity structures using a cloud-based
analysis tool within the Master’s degree in Pedagogy program.

3. The “RISKS” VL (http://riski.mediagnosis.ru/) uses socio-psychological
technologies to diagnose levels of information and network competence. The
system includes an interface block, a testing block, an information sources block,
and a feedback block, accessible through any HTML 5.0 compliant browser.

4. VL “SHIVA: School Innovations and Visual Analytics” (http://shiva.
mediagnosis.ru/) is designed for remote study of innovative activitiesin Moscow’s
general education institutions. It supports organizational decision-making by
teachers through a consistent, complex, adaptable, and multidimensional system
accessible without prior payment or registration.

We see that VLs are a powerful element in EdTech phygitalization, providing
both students and teachers with continuous access to scientific theories, concepts,
and personalized educational experiences across various training areas.

Virtual laboratories provide significant benefits in EdTech phygitalization:

— VLs are accessible from any location with an internet connection, making
them ideal for students lacking access to physical labs or face-to-face
classes;

— VLs save on expensive equipment and reduce the risk of student injuries
compared to physical laboratories;

— VLs can be tailored to specific course needs and individual learning styles;

— VLs offer engaging and immersive learning experiences, potentially
incorporating game elements to boost motivation;

— VLs enable the collection and analysis of experimental data, helping
students develop analytical skills and understanding of scientific concepts;

— VLs facilitate collaborative learning by allowing students to work together
on experiments and projects, regardless of their physical locations.
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Virtual laboratories are thus becoming a cornerstone of EdTech
phygitalization. They provide several key benefits for both teachers and students:

1. Enhanced learning opportunities:

— VLsallow students to engage in complex and otherwise costly or dangerous
experiments safely and repeatedly until concepts are fully understood;

— students can use virtual tools and technologies that might not be available
in their physical classrooms, providing exposure to advanced equipment
and methodologies.

2. Inclusivity and accessibility:

— students from under-resourced schools or remote locations can access the
same high-quality laboratory experiences as those from more affluent
areas;

— VLs are accessible at any time, accommodating different learning
schedules and paces.

3. Interactive and personalized learning:

— VLscanadapttoindividuallearningspeeds and styles, offering personalized
feedback and tailored learning experiences;

— incorporating game mechanics can make learning more engaging,
motivating students to achieve higher levels of understanding through
rewards and progress tracking.

For virtual laboratories to be effectively integrated into EdTech, several

considerations need to be addressed:

1. Technological infrastructure:

— ensuring all students have reliable Internet access and appropriate devices
to engage with VLs;

— developing VLs that are compatible across various operating systems and
devices to maximize accessibility.

2. Teacher training and support, including demonstrating how to effectively
use VLs in their classes; providing ongoing technical and pedagogical support,
not only to students, but also to colleagues teaching the same course.

As technology continues to evolve, the potential applications of VLs in
education are expected to expand further.

Some emerging trends and future directions include:

1. Artificial intelligence and machine learning:

— Al-powered tutors can provide personalized guidance and support to

students as they navigate virtual lab activities;

— machine learning algorithms can analyze student performance data to
predict learning outcomes and identify areas where students may need
additional support.

2. Virtual and augmented reality:

— expanding the use of virtual, augmented and mixed reality (VR, AR, MR)
for educational and cultural programs;

— integration with artificial intelligence systems for personalized
recommendations and assistance in finding information, which implies,
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for example, in the future providing access to paid Al services to students
affiliated with this university;

— expanding the scope of digital curation, i.e. thematic support for students’

research and educational projects;

— development of tools for collaboration and learning in a digital

environment;

— improving the accessibility and usability of digital resources for students

with disabilities;

— widespread dissemination of courses to improve digital literacy and

information and network competence of students and teachers;

— hosting virtual events where students can showcase their work and engage

with peers worldwide.

3. Sustainability and scalability:

— VLsreduce the need for physical resources and chemicals, contributing to

more sustainable educational practices;

— VLs can be scaled to accommodate large numbers of students, making

them an efficient solution for growing educational needs.

Thus virtual laboratories represent a significant advancement in the phygita-
lization of education, offering a myriad of benefits that enhance learning, acces-
sibility, and teacher support. By carefully considering implementation strategies
and future trends, teachers can harness the full potential of VLs to provide en-
riched, personalized, and immersive learning experiences. As we continue to in-
tegrate digital and physical learning environments, virtual laboratories will un-
doubtedly play a crucial role in shaping the future of education, making
scientific exploration and discovery more accessible and engaging for all stu-
dents.

2.3. Artificial intelligence in EdTech phygitalization

Atrtificial intelligence (Al) is a rapidly developing field that is transforming
many industries and changing the way people live and work. In general, research
in the field of digital modeling of the professional environment is still in its early
stages, and there is great potential for future development and innovation in this
area. At the same time, some studies have shown promising results. Thus, the
focus of English-speaking authors is on the prospects of using such technologies
as: a) digital twins [9—11], b) virtual reality and the Internet of Things [12], ¢) 3D
models [13]. In Russian literature, in addition to those mentioned, the following
are studied: a) knowledge representation in information systems [14], b) metho-
dologies and technologies for designing information systems [15], ¢) business
modeling and data mining [16].

Al holds the promise of fundamentally transforming university operations
and the delivery of educational services to students. However, the application of
Al in vocational training is still emerging, with its full potential yet to be realized.
Generative Al stands as a potent tool with wide-ranging applications across var-
ious sectors, poised to bring about significant changes. A key strategy to counter
the unchecked use of Al language models involves tailoring educational paths
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and customizing assessment tasks. For instance, our platform (www.mediagno-
sis.ru) has developed over 150 lab exercises featuring individualized task variants.

In the realm of EdTech phygitalization, Al systems can play multiple roles,
including:

(a) Al prompt intervention can thus be made to aid their learning journey.

(b) Through predictive analysis, Al can forecast future outcomes based on
existing data, allowing teachers to foresee potential issues or opportunities and
proactively adjust to refine the digital learning landscape.

(c) Al can offer mechanisms for feedback and evaluation, helping teachers
monitor student progress and assess the effectiveness of teaching strategies. This
ensures that learning achievements align with the educational aims and objectives.

(d) Teachers can receive alerts from Al systems when a student’s activity
deviates from expected patterns, such as a drop in participation or missed dead-
lines, enabling them to offer support when needed.

(e) Some advanced Al systems can use facial and emotional recognition to
gauge student engagement and emotional states during synchronous online ses-
sions, although this use raises privacy concerns and requires careful ethical con-
sideration.

(f) Al can use real-time data to predict student outcomes, allowing teachers
to proactively address potential academic risks.

Overall, Al systems emerge as a crucial component of EdTech phygitaliza-
tion, equipping teachers with data-driven insights into student performance and
engagement, fostering personalized learning experiences and facilitating timely
interventions to enhance student success.

Besides that, Al systems can assist in real-time monitoring of students’ ac-
tivities in several ways, enhancing the educational experience and providing
valuable support for both students and teachers.

By leveraging these capabilities, Al systems can significantly contribute to a
more responsive and supportive educational environment, helping to ensure that
students receive the attention and resources they need to succeed.

If the tools we discussed earlier can be mainly useful to students, then next
we will look at tools aimed primarily at teachers.

There are dozens of systems that focus mainly on the intellectual analysis of
documents and the extraction of conceptual (conceptographic) information
from them, i.e. on the intellectual analysis of texts and their summarization. The
most common are the following: Mon key Learn, UPDFE Thematic, Lexalytics,
Chattermill, QDA Miner, MS Azure AlLanguage, InMoment Text Analytics,
Lang.ai, Aylien. These tools offer different levels of complexity and functional-
ity, and the choice of the appropriate one depends on the specific needs and tasks
facing the organization or the user.

Text mining systems are designed to help obtain high-quality information
from the input text. It is estimated that about 80 % of management-related infor-
mation comes from unstructured data, most of which is text messages such as
emails, reports, and even social media posts.
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There is a lot of valuable information hidden inside this unstructured data,
but without technological tools to organize the data in any way, it can be very
difficult to find it. This is where the intellectual analysis of texts is needed. Text
mining systems are a powerful tool that helps individual users and corporate
structures extract valuable information from unstructured data. These systems
differ in functions and capabilities, but the goal remains the same: to help under-
stand unstructured data. Text mining systems help analyze text data and sort it to
make it easier to identify relationships. When talking about text analytics, there
are several concepts that should be distinguished: taxonomy, folksonomy, natural
language processing and large language models.

Natural Language Processing (NLP) is a branch of artificial intelligence that
studies the human-machine interface. After all, despite the fact that the WIMP!
interface has been familiar to all of us for more than 50 years, we continue to use
it, but we dream of communicating with technical devices as with people. With
the improvement of computer technology, the spread of tablets and smartphones,
the SILK interface appeared, where S (speech), 1 (image), L (language),
K (knowledge). Modern speech recognition systems (Speech-to-Text), large
language models (LLM), universal pre-trained transformers (GPT) integrated
into artificial intelligence systems using neural network algorithms have become
an everyday partner of millions of users, including students and schoolchildren
all over the world. NLP focuses on allowing computer programs to recognize,
interpret, and generate natural language in a way that is both understandable and
useful to the user.

The main goal of NLP is to bridge the gap between human communication,
which often includes unstructured and polysemic text, and the structured and
precise nature of computer languages. NLP allows computer programs to pro-
cess, analyze, and extract information from huge amounts of text data in the
same way that humans do, but often better and faster.

Large Language Models (LLM) are a class of artificial intelligence models
that have the ability to interpret and generate natural language. These models are
trained on huge amounts of textual data to develop the ‘skills’ of extracting
meaning from language patterns and structures using deep learning methods.

And what is the difference between taxonomy and folksonomy? A taxonomy
is a hierarchical classification system in which content is divided into a structured
and predefined set of categories. It uses tables where categories and subcategories
are defined by developers. Librarians are very familiar with the classification
tables used in all countries.

Folksonomy is the practice of co-categorizing information through randomly
selected labels called tags. It is known as co-tagging, social classification, social
indexing, and social tagging. This is a bottom-up approach, as users assign their
own tags based on their understanding and context, without a predefined
structure.

"WIMP is an abbreviation of Windows, Icons, Menus, Pointer
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Text mining systems can be compared according to a number of criteria that
will help assess their effectiveness and applicability to specific tasks. There are
quite a lot of such criteria. Here are some of them:

(a) accuracy of the analysis, i.e. the ability of the system to correctly interpret
and analyze the text, including understanding the context, semantics and syntax;

(b) NLP,i.e. determining the quality and depth of natural language processing
algorithms, including sentence parsing, entity recognition, relationship
extraction and sentiment analysis;

(c) scalability, i.e. the ability of the system to work effectively with large
volumes of text and scale to various loads;

(d) language support, i.e. the number of supported languages and the quality
of analysis for each of them;

(e) integration with other systems, i.e. the possibility of integration with
other software products and services.

(e) user interface and usability;

(g) customization, i.e. the ability to adapt the system to the specific needs of
the user or project;

(h) security and confidentiality, i.e. measures taken to protect data and
ensure the confidentiality of information;

(i) processing speed, i.e. the time required for the system to analyze the text
and provide the results;

(j) availability of detailed documentation and quality of technical support;

(k) total cost of ownership of the system, including licensing, support and
updates;

(1) ability of the system to learn from new data and adapt to changes in
language and context.

We can see how wide the functionality of these systems is.

If we try to compare some of the mentioned text mining tools by four main
parameters (accessibility, interface, compatibility and functionality), we get the
following table (Table 2).

Table 2
Comparison of text mining tools

Characteristics
Availability Interface Compatibility Functionality
Instrument
1 2 3 4 5

Monkey-Learn Paid and free | Intuitive, with | API for inte- Text classification, sentiment analy-

(https:// plans are avisual editor | gration with sis, entity extraction

monkeylearn.com/) | available for creating other services

models and applica-
tions
ASReview (https:// | Free and Intuitive Local installa- | Selects, analyzes, and sorts
asreview.nl/) open source tion or server | resources based on the user’s
software installation selection history and places them

in such a way that the most relevant
works are first in line. Complies with
the checklist of requirements for
systematic reviews using Al
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Table 2, continuation

1 2 3 4 5
Iris.ai (https://iris. Paid service Intuitive Cloud-based | It helps to analyze literature, create
ai/features/#work- with a demo solution annotations and organize infor-
space) version mation
Elicit (https:// The resource | Intuitive Cloud-based | Searches for scientific articles.
elicit.com/?redirect- |is free; solution Ask a research question and get
ed=true) registration is a list of relevant articles from a
required database of 125 million texts in
response
Extracts detailed information from
articles into an ordered table
Keenious (https:// | Theresource | Intuitive Cloud-based | Analyzes the user’s article, recom-
keenious.com/) is paid, but solution, but mends relevant research papers
there is a demo can be added |and research topics
version; as a sidebar
registration is in Microsoft
not required to Word or
access basic Google Docs
functions, but orusedona
registration website
can provide
additional
features
Azure Al Language | Paid services |A cloud Extensive Advanced NLP features, includ-
(https://azure. with different | platform with | integration ing text analysis, translation, and
microsoft.com/en- pricing levels | developer capabilities speech recognition
us/products/ai-ser- tools with other
vices/ai-language) Microsoft
products and
third-party
services
InMoment Text Paid solutions | Focus on The ability Customer feedback analysis, in-
Analytics (https:// aimed at the user-friendli- | to integrate sight extraction, sentiment analysis
inmoment.com/ corporate ness with feedback
text-analytics/) sector collection and
CRM systems
WordStat Proprietary Iltisaimedat | Compatibility |Quantitative text analysis, dictio-
software researchers with other nary creation, thematic modeling
and data statistical
analysts packages and
data analysis
tools.
Yandex Wordstat The appis Itis aimed at Registration According to this data, you can find
(https://wordstat. free with the all users inYandex ID is | out the popularity of user search
yandex.ru/) possibility of required queries, seasonality, geography of
subscription demand, devices used by users,
and trends
Chatter-mill Paid solutions | User interface | Integration In-depth analysis of customer
(https://chattermill. | aimed at the foranalyzing | with customer | reviews, sentiment analysis, insight
com/) corporate customer data | feedback and | extraction
sector data collection
platforms
Textrics Paid and free | Simple and API for inte- Text analysis, sentiment analysis,
(https://www.tex- plans are intuitive inter- | gration with feedback and survey processing
trics.ai/) available face other systems
Bitext Paid solutions | APl-oriented | The abilityto | Deep semantic analysis, natural
(https://www.bitext. service for integrate with | language processing
com/methodology/) developers chatbots and
Al systems
Lang.ai Paid solutions | A platform API for Extracting structured data from
(https://www.lang. with an em- integration unstructured text
ai/) phasis on NLP | with business
automation platforms
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Table 2, ending

1 2 3 4 5
Aylien Paid solutions, | APland a set | Easily inte- Text analysis, summarization, clas-
(https://aylien.com/) | 14 days of of tools for grates with sification, media monitoring
testing developers other systems
and applica-
tions
Papers Paid, with the | Modern and Integration Organization of research materials,
(https://www.paper- | possibility of user-friendly | with search reading and annotating, manage-
sapp.com/) trial use engines and ment of research materials, which
databases helps to organize, read, annotate
and share scientific articles.
Open Calais The web ser- | A cloud-based | Integration of | Recognition of relationships be-
(https://www. vice is free for |tool that helps | the Thomson |tween various objects in unstruc-
w3.0rg/2001/sw/ commercial you post Reuters Calais | tured data and their corresponding
wiki/Open_Calais) and non-com- | content. It web service organization with identification of
mercial use automatically |via the Defini- | causes and effects
creates rich tive Intelligent
semantic Tagging API
metadata for | into the Drupal
the content platform
you send
Source: compiled by Andrey |. Kapterev.

Since the field of Al is developing very rapidly, it is impossible to accurately
determine all the possibilities of its use in educational engineering, but today we
propose to indicate some prospects for further development of Al algorithms,
calling them potential opportunities for EdTech phygitalization, such as:

1) proficient in multimodal comprehension, analysis, and creation of
context-driven constructs across various media formats, leading to the rise of
autonomously generated personalized media;

4) ability to plan, reason and predict, use logic in solving intellectual
problems, and predicting future outcomes with unprecedented precision;

5) providing access beyond the internet to diverse platforms, enabling
artificial neural network agents to engage with an extensive array of resources
and services;

6) utilizing multiple agents (as seen in GPT models) through APIs, where
each agent addresses specific tasks but also collaborates and critiques others,
fostering the development of competitive artificial neural networks;

7) operating without user intervention to achieve full autonomy, functioning
continuously;

8) development of a GPTs that seamlessly integrates into all aspects of our
lives, demonstrates general Al in many areas, contributes to the achievement of
personal goals and adapts to the devices with which we interact.

3. Prospects for EdTech phygitalization development

EdTech phygitalization has all the possibilities to significantly change the
educational landscape of vocational education. Currently, scientists all over
the world are actively researching the digital transformation of educational
institutions using statistical methods and modern business intelligence
platforms [16].
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Here are some future directions for EdTech phygitalization in higher
education:

1. EdTech phygitalization can broaden access to higher education by offering
adaptable remote learning alternatives for students unable to participate in
conventional on-campusclasses. It canalso fosterinclusion by creating opportunities
for individuals with disabilities and lowering educational barriers [17].

2. EdTech phygitalization can tailor educational trajectories for each student
based on their specific needs, interests, and learning styles. This can be
accomplished through adaptive learning technologies and personalized
assessments that leverage data analytics to track student progress and provide
individualized feedback and resource recommendations.

3. EdTech phygitalization can also include gamification to increase student
engagement and motivation. This increased interactivity can make the learning
process more fun and improve the memorization of information.

4. EdTech phygitalization can promote global learning by connecting
students and teachers from different parts of the world. This can provide
opportunities for cross-cultural exchange, collaboration and exposure to best
practices and promising ideas [18].

5. EdTech phygitalization can be used to study human behavior and decision-
making, and data analytics can be used to analyze large amounts of data and
identify ideas and trends.

Conclusion. The main features of proposed information system can be
reduced to the following. Firstly, its main advantage is the unity of all the elements
of the educational and research complex. Secondly, the system model is not of
instructional, prescription character, it is a knowledge space that can be used for
various purposes and training scenarios. The variants of virtual laboratories,
described in the paper, demonstrate wide opportunities for collecting, analyzing
and visualizing different information directly or indirectly related to the
pedagogical process, and can be considered as one of the numerous digital
platforms in the transformation of education.

Thus, the main advantage of digitalization in comparison with total digitalization
is a more reasonable setting of goals, prioritization of digital transformation of
educational processes, organization of interconnection of all components of the
educational systeminasingle digital space. Naturally, forthe success of digitalization,
it is necessary to unite all subjects of the educational space, including students,
teachers, methodologists, managers, employers and manufacturers of equipment
for digitalization of education. The development of EdTech in general and the use
of digitalization in particular imply a rethinking of the key roles of all subjects of
educational systems in the direction of educational engineering.

References

[11  Kuzminov Yal. (ed.) The digital environment in educational institutions of various levels:
An analytical report. Moscow: Higher School of Economics; 2023. (In Russ.) https://
doi.org/10.17323/978-5-7598-2745-0

324 EVOLUTION OF TEACHING ND LEARNING THROUGH TECHNOLOGY



Kanmepes A. 1. Becthuk PY/IH. Cepusi: UndopmaTtuzanms oopazosanus. 2024. T. 21. Ne 3. C. 308—327

2]

3]

[4]
[5]
[6]

[7]
8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Kapterev Al. Challenges of generative artificial intelligence for the higher education
system. RUDN Journal of Informatization in Education. 2023;20(3):255—264.
(In Russ.) https://doi.org/10.22363/2312-8631-2023-20-3-255-264

Digital technologies in education. Trends, problems, prospects: monograph. St. Petersburg:
Humanitarian National Research Institute “National Development”; 2023. (In Russ.)
https://doi.org/10.37539/M230505.2023.21.67.001

McDonald JK, West RE. Design for learning: Principles, processes, and praxis. Edtech
Books; 2021. https://edtechbooks.org/id

Pavlicheva EN, Romashkova ON. Information processes of decision support in multilevel
educational systems. Moscow: OntoPrint Publ.; 2022. (In Russ.)

Vanek J, Simpson D, Johnston J, Petty LI1. Ideal distance education and blended learning
handbook. 6th ed. EdTech Books; 2019. https://edtech.worlded.org/wp-content/
uploads/2019/08/8-18-19-IDEAL-Handbook-6th-Edition.pdf

West RE. Foundations of learning and instructional design technology: Historical roots and
current trends. EdTech Books; 2018. https://edtechbooks.org/lidtfoundations

Kapterev Al. Personal website of a university teacher in educational engineering. Moscow:
Book-expert LLC; 2022. (In Russ.)

Da Silva Mendonca R, de Oliveira Lins S, de Bessa IV, de Carvalho Ayres FA Jr, de
Medeiros RLP, de Lucena VF Jr. Digital twin applications: A survey of recent advances
and challenges. Processes. 2022;10. https://doi.org/10.3390/pr10040744

Hassan M, Svadling M, Bjorsell N. (2023). Experience from implementing digital twins
for maintenance in industrial processes. Journal of Intelligent Manufacturing. 2024;35:875—
884. https://doi.org/10.1007/s10845-023-02078-4

Martin-GutiérrezJ, Mora CE, Aiiorbe-Diaz B, Gonzalez-Marrero A. Virtual technologies
trends in education. Eurasia Journal of Mathematics, Science and Technology Education.
2017;13(2):469—486. https://doi.org/10.12973 /eurasia.2017.00626a

Xie R, Gu D, Tang Q, Huang T, Yu FR. Workflow scheduling in serverless edge
computing forthe industrial internet of things: Alearning approach. IEEFE Transactions
on Industrial  Informatics. 2022;19(7):8242—8252.  https://doi.org/10.1109/
TI1.2022.3217477

Wang W, Qi Y, Wang Q. An augmented reality application framework for complex
equipment collaborative maintenance. In: Luo Y. (ed.) Cooperative design,
visualization, and engineering: Proceedings of the 8th International Conference, 11— 14
September 2011, Hong Kong, China. Berlin, Heidelberg: Springer; 2011. p. 154—161.
https://doi.org/10.1007/978-3-642-23734-8 25

Kapterev Al. Cognitive management and artificial intelligence in libraries:
opportunities and features. Scientific and Technical Libraries. 2023;6:113—137.
(In Russ.) https://doi.org/10.33186/1027-3689-2023-6-113-137

Ovchinnikova EV, Chiskidov SV. Problems of development and application of
interactive educational modules in the learning process. In: Science, education,
society: trends and prospects: Collection of scientific papers based on the materials of the
International Scientific and Practical Conference: in 7 parts. Part 4. Moscow: Ar-
Consult LLC; 2014. p. 80—85. (In Russ.)

Frolov YuV, Yakovlev VB, Seryshev RV, Volovikov SA. Business models, data analytics
and digital transformation of an organization: approaches and methods. Moscow:
Moscow City University; 2021. (In Russ.)

Kapterev Al. Virtualization of intellectual space: sociological aspects of learning.
Labor and Social Relations. 2006;17(4):120—126. (In Russ.)

Grigoriev SG, Kapterev Al. Cloud technologiesin the study of professional consciousness
of undergraduates in pedagogical direction. Vestnik of Moscow City University. Series:
Informatics and Informatization of Education. 2015;2(32):57—75. (In Russ.)

BIAWAHUE TEXHOJIOTU HA PA3BUTUE OBPA3OBAHUS 325


https://edtechbooks.org/id

Kaptrterev A.1. RUDN Journal of Informatization in Education. 2024;21(3):308—327

[1]

2]

[3]

[4]

[5]

[6]

[7]

8]
9]

[10]

[11]

[12]

[13]

[14]

[15]

326

Cnucok nuteparTypbl

Ludponas cpena B 00pa3oBaTeIbHbIX OPTaHU3ALMSIX PA3IMYHBIX YPOBHEW: aHAIM -
tyeckuii mokiman / mox pen. .M. KysemunoBa. M.: HUY BIID, 2023. 164 c.
https://doi.org/10.17323/978-5-7598-2745-0

Kanmepes A. U. Bb130BbI TeHEPAaTUBHOI'O MCKYCCTBEHHOI'O MHTEJUIEKTA IJISI CUCTEMBI
BbICIIETO oOpaszoBanus // BectHuk Poccuiickoro yHuBepcuTeTa Apy:KObl HAPOIOB.
Cepust: MudbopmaTuzamnus odpazoBanus. 2023. T. 20. Ne 3. C. 255—-264. https://doi.
org/10.22363/2312-8631-2023-20-3-255-264

Lndposbie TeXHONOTMU B 00pa3oBaHUU. TeHAEHILIMHU, MPOOJIEeMbl, TIEPCIIEKTUBI:
MoHorpadus / nog obur. pen. HayuyHoro copeta [HUUM «Haupassutue». CII6.:
IT'HUU «Haupassutue», 2023. 80 c. https://doi.org/10.22363/2312-8631-2023-20-
3-255-264

McDonald J.K., West R E. Design for learning: Principles, processes, and praxis.
Edtech Books, 2021. https://edtechbooks.org/id

ITlasauuesa E.H., Pomawkosa O.H. IHdopMallMOHHbIE ITPOLECCHI IO PXKKI TTPH-
HITUS pelleHNWiI B MHOTOYPOBHEBBIX 00pa3oBaTelbHBIX cucTteMax. M.: M3m-Bo
«OurolIpunt», 2022. 156 c.

Vanek J., Simpson D., Johnston J., Petty L.1I. 1deal distance education and blended
learning handbook. 6th ed. EdTech Books, 2019. 103 p. https://edtech.worlded.org/
wp-content/uploads/2019/08/8-18-19-IDEAL-Handbook-6th-Edition.pdf

West R.E. Foundations of learning and instructional design technology: Historical
roots and current trends. EdTech Books, 2018. https://edtechbooks.org/
lidtfoundations

Kanmepes A.H. TlepcoHanbHblii caiiT mpernogaBareis BY3a B obOpa3zoBaTesibHOM
unxuHupuHre. M.: OO0 «Book-expert», 2022. 190 c.

Da Silva Mendon¢a R., de Oliveira Lins S., de Bessa 1.V., de Carvalho Ayres F.A. Jr, de
Medeiros R.L.P., de Lucena V.F. Jr. Digital twin applications: A survey of recent
advances and challenges // Processes. 2022. No. 10. https://doi.org/10.3390/
pr10040744

Hassan M., Svadling M., Bjorsell N. Experience from implementing digital twins for
maintenance in industrial processes // Journal of Intelligent Manufacturing. 2024.
Vol. 35. P. 875—884. https://doi.org/10.1007/s10845-023-02078-4

Martin-Gutiérrez J., Mora C.E., Anorbe-Diaz B., Gonzilez-Marrero A. Virtual
technologies trends in education // Eurasia Journal of Mathematics, Science and
Technology Education. 2017. Vol. 13. Issue 2. P. 469—486. https://doi.org/10.12973/
eurasia.2017.00626a

Xie R., Gu D., Tang Q., Huang T., Yu F.R. Workflow scheduling in serverless edge
computing for the industrial internet of things: A learning approach // IEEE
Transactions on Industrial Informatics. 2022. Vol. 19. No. 7. P. 8242—8252. https://
doi.org/10.1109/T11.2022.3217477

Wang W., Qi Y., Wang Q. An augmented reality application framework for complex
equipment collaborative maintenance / Luo Y. (ed.) // Cooperative design,
visualization, and engineering: Proceedings of the 8th International Conference.
11—14 September 2011, Hong Kong, China. Berlin; Heidelberg: Springer, 2011. P.
154—161. https://doi.org/10.1007/978-3-642-23734-8 25

Kanmepee A. M. KOTHUTUBHBIN MEHEIKMEHT M MCKYCCTBEHHBIN MHTEIJICKT B OU-
OMoTeKax: BO3MOXKHOCTA M 0COOeHHOCTH // HayuHble 1 TexHU4YecKre Oubanore-
ku. 2023. Ne 6. C. 113—137. https://doi.org/10.33186,/1027-3689-2023-6-113-137
Osuunnurosa E.B., Yuckuoos C.B. I1pobaeMbl pa3paboTKU U TIPUMEHEHUST MHTe-
pPaKTUBHBIX 00pa30BaTeILHBIX MOMIYJIEH B TIpoliecce ooyuenms // Hayka, obpa3oBa-
HUE, 00111eCTBO: TEHACHIIMU 1 MEePCIIeKTHUBbI: COOPHUK HAYYHBIX TPYIOB IO MaTepU-

EVOLUTION OF TEACHING ND LEARNING THROUGH TECHNOLOGY


https://edtechbooks.org/id

Kanmepes A. 1. Becthuk PY/IH. Cepusi: UndopmaTtuzanms oopazosanus. 2024. T. 21. Ne 3. C. 308—327

ajaM MexXayHapoaHOUM HaydHO-MpaKTU4yecKoi KoHdepeHuuu: B 7 u. Y. IV. M.:
000 «Ap-Koncant», 2014. C. 80—85.

[16] @ponos FO.B., dkoenes B.b., Cepvies P.B., Borosukos C.A. busnec-monenu, aHa-
JINTUKA JAaHHBIX U 1U(ppoBasi TpaHCOpMalMsl OpraHU3alyu: TTOAXOIbl U METO/bI.
M.: MTI'I1Y, 2021. 176 c.

[17] Kanmepes A.H. Buptyanuzalus MHTEJUIEKTYaJIbHOTO IIPOCTPAHCTBA: COLIMOJIOTH-
yecKue acreKThl ooyuenust // Tpyn u conmanbHble oTHOIeHUs. 2006. T. 17. Ne 4.
C. 120—126.

[18] [Ipueopwves C.I., Kanmepes A.H. ObGaayHble TEXHOJIOIMU B U3YYEHUM ITPOPECCUO-
HaJbHOTO CO3HAHMSI MaruCTPaHTOB IEIarormuyeckoro HampabieHus // BecTHUK
MTTIY. Cepus: Undopmaruka u nHdopmatusaius oopazoBanus. 2015. Ne 2 (32).
C. 57-75.

Bio note:

Andrey 1. Kapterev, Doctor of Sociological Sciences, Doctor of Pedagogical Sciences,
Professor at the Department of Informatization of Education, Institute of Digital Edu-
cation, Moscow City University, 4/1 2nd Selskokhozyaystvenny Proezd, Moscow,
129226, Russian Federation. ORCID: 0000-0002-2556-8028. SPIN-kom: 9195-3150.
E-mail: kapterevai@mgpu.ru

Csenenus 00 aBTOpe:

Kanmepee Audpeii Heopeguu, TOKTOP COLIMOIOTMIECKIX HAYK, JOKTOP ITeAaroTMIeCKIX
Hayk, mpodeccop AemapraMeHTa MWHPOpMATU3aluMu o0pa3oBaHus, WMHCTUTYT
nudpoBoro odpazoBaHusi, MOCKOBCKHII TOPOACKO IeIarornueckKuii YHUBEPCUTET,
Poccuiickasgs Denepanms, 129226, Mocksa, 2-ii CellbCKOXO3SMCTBEHHBINA TTPOE3/I,
1.4, xopm. 1. ORCID: 0000-0002-2556-8028. SPIN-code: 9195-3150. E-mail: kaptere-
vai@mgpu.ru

BIAWAHUE TEXHOJIOTU HA PA3BUTUE OBPA3OBAHUS 327





