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This paper considers the possible directions of using the technology of augmented reality in the 

modern educational process. It is demonstrated that in the educational process, in most cases, the 

technology of a non-Marked Augmented Reality has significant advantages over the technology of 

augmented reality, assuming the use of AR-codes. An example of the use of augmented reality in the 

training of specialists in the field of automation and management is given. 
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Introduction 

A successful study of the discipline requires the organization of the educational process, 

which takes into account the individual characteristics of students, and ensures the involvement of 

the student in the learning process. This requirement assumes wide use of interactive training 

forms of in modern educational process and dismissal of outdated forms of document circulation, 

including providing reports on paper. 

Augmented reality technology is a learning technology that makes the learning process 

interactive, increasing the students’ degree of visibility and involvement [1–7]. The application of 

the technology of augmented reality converts the process of using visual aids and mock-ups to a 

qualitatively new level. This technology will become an integral part of the educational process in 

the near future, along with the competently created content of modern multimedia teaching and 

methodological complexes used in modern e-learning systems, educational laboratory equipment 

and traditional teaching and methodological materials. 

A feature of augmented reality technology is the possibility of its effective application with 

traditional teaching aids (textbooks, posters, laboratory stands) that were created without the 

consideration of using this technology. Although maximum efficiency of the application of the 

augmented reality technology can be achieved in educational materials developed in view of its 

use, existing materials can also be easily adapted to the application of this technology. 

Requirements for the technology of augmented reality used in the educational process 

The peculiarity of the use of augmented reality technology in the educational process is the 

fact that in most cases it is highly undesirable to use augmented reality based on markers  

(AR-codes). This is due to the specifics of the subject area: 

– augmented reality markers take up a lot of space, and cannot always be placed on an 

educational facility, such as laboratory stands; 

– the use of augmented reality markers in teaching aids and other teaching materials and 

laboratory facilities reduces the quality of the use of these training materials in the case where 

augmented reality technology is not involved. Consequently, the universality of these training 

materials is reduced. In addition, the very essence of augmented reality is the "complement" of 

objects that can be used without the use of this technology. 

Markerless augmented reality technologies are devoid of these disadvantages. In addition, 

such technologies do not require any special adaptation of teaching materials and educational 

laboratory stands. The system "complements" the physical object with "virtuality", determining its 

location by using a special pattern recognition algorithm. 
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In case of using markerless technologies, the adaptation of traditional teaching materials can 

be reduced to placing special small symbols informing the student that an augmented reality can 

be used here. Thus, the use of non-marking technology makes teaching materials equally 

convenient both in the case of traditional use and in the case of the technology of augmented 

reality. 

Augmented reality markers in the educational process should be used only to set links to 

information resources in textbooks, slides and information boards when the direct use of 

hyperlinks for the user is impossible. But even here, in most cases, you should consider the use of 

markerless augmented reality technologies used in conjunction with symbols that inform the 

student about the availability of this technology. 

Thus, the main requirements for the augmented reality technology used in the learning 

process are: 

– equally convenient use of educational materials in the mode of using the augmented reality 

technology, and without it; 

– avoiding information debris, in the form of markers of augmented reality, placed on the 

pages of the training manual, slides, posters, and stands; 

– minimal adaptation of traditional teaching and methodological materials and existing 

teaching and laboratory stands to the possibility of effective use of the technology of augmented 

reality. 

Technology of Augmented Reality in the Modern Educational Process 

Traditionally, for the better understanding and assimilation of the material, illustrative 

material is used, such as tables, diagrams, photographs, slides, printed editions of educational 

literature, mock-ups, and other visual aids. In connection with the emergence of new technologies, 

they are being replaced by digital images, presentations, 3D objects, and also the technologies of 

virtual and augmented realities that are gaining popularity. It is the modern interactive tools and 

technologies that bring into the learning process the bright three-dimensional images, the game 

element, activate the interaction of participants in the educational process, develop spatial thinking 

and skills in project activities. 

The technology of augmented reality is necessary to supplement printed material and other 

physical objects by imposing virtual images. The technology of augmented reality is actively used 

in advertising, commerce, medicine, games, where it has demonstrated its effectiveness. 

Competent application of the technology of augmented reality in the learning process will certainly 

make it more effective and attractive for students. Table 1 presents the possible uses of Augmented 

Reality technology in education. 

The conceptual model [8–11] of using the augmented reality technology in the framework 

of an interactive educational and methodical complex (AR-EL) is presented in figure 1. Three key 

objects are involved in this model: the interactive educational and methodical complex (IEC) of 

the e-learning system, the supplemented reality module (AR-T) and the supplemented (augmented) 

object: 

AR-EL = <IEC, AR-T, O>       (1) 

 

A laboratory bench, an image on a computer monitor, a slide or a drawing in a training 

manual can act as a complementary object. As a module of augmented reality, any mobile device 

(smartphone, tablet) or glasses of augmented reality can act. The e-learning system used should 

allow the integration of the resource management module of augmented reality [12–15]. 
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Table 1 

The possible uses of Augmented Reality technology in education 
 

Directions of use Examples 

Laboratory and practical 

work 

Guidelines for the implementation of laboratory work, 

implemented as a supplemented reality application. This manual 

is to support the AR-directory mode. The application of AR-

guidelines for the performance of laboratory works provides the 

maximum degree of interactivity of Augmented Reality 

technology. 

Modern Textbooks Textbooks built on the basis of non-Marker technology 

augmented reality. Combines the merits of the advantages of 

traditional and interactive technologies, providing the student 

with the opportunity to study the material in the most convenient 

way for him. The triad is the most effective electronic resource - 

a paper publication - augmented reality 

Use of Augmented Reality 

Markers as references to 

information sources 

Textbooks, methodical materials, diaries, student notebooks, 

slides. it is advisable to use markers of augmented reality only as 

references to resources, in all other cases, the non-marking 

technology of augmented reality is more preferable 

Project Activities Creation of blocks, links for demonstration and support of design 

solutions 

Informing students Substitution of paper ads, comments, announcements using AR 

tags, and also by means of a non-marking technology of 

augmented reality 

Demonstration of complex 

processes 

Detailed reproduction of complex processes, some of which can 

not be recreated without the use of specialized technological 

equipment. Demonstration of processes can be superimposed on 

images placed on visual aids and other educational materials, 

including slides 

 

An example of using the technology of augmented reality in the training of specialists in the 

field of automation and control in technical systems 

Prof. M.A. Bonch-Bruevich of "Automation of communication enterprises" department of 

St. Petersburg State University of Telecommunications has developed the AR-Tutor software, 

which ensures the use of markerless and marker technologies of augmented reality in the learning 

process. Tested operation of this software has shown the promise of using a non-marking 

technology of augmented reality while training specialists in the field of automation of 

technological processes and production and management in technical systems. 

Figure 2 demonstrates an example of the use of a non-marking technology of augmented 

reality in conjunction with a traditional printed publication when students study the work of a 

training laboratory stand. 
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Figure 1. A conceptual model of the learning 

 process using augmented reality technology 
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Figure 2. Application of the non-marking technology of augmented reality while studying  

the functioning of the automation device using a traditional printed training manual 
 

The use of the non-marking technology of augmented reality does not require any substantial 

reworking of existing teaching aids. As can be seen from figure 2, the virtual addition is directly 

superimposed on the image in the teaching aid, which is recognized by special software. For 

comparison, figure 3 shows the use of Augmented Reality technology, based on the use of AR-

codes. As you can see, in this case, AR-codes occupy a significant area on the training manual 

page, completely replacing the image. This example demonstrates the inexpediency of using 

augmented reality technology based on AR-codes for similar purposes. 

 

Figure 3. An example of using the technology of augmented, reality-using AR-codes, together 

with a traditional printed educational publication 
 

Figure 4 demonstrates the use of Augmented Reality technology in preparation of students 

for laboratory work. In this case, the supplemented reality application is used as an online 

reference. Virtual addition provides the student with the necessary information, including videos 

that demonstrate the work with various elements of the training laboratory stand.  

Figure 5 shows an example of the student's withdrawal from methodological 

recommendations, taking into account his individual task. 

 

Figure 4. The example of using Augmented Reality technology in preparation for laboratory work. 
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Figure 5. An example of the application of the technology of augmented 

reality in the process of performing laboratory work 

Conclusion 

The use of augmented reality technology in the educational process is apparent from the 

presented materials. Augmented reality technology can be used as an integral part of the interactive 

educational and methodical complex of the discipline, as well as with traditional educational 

materials. Augmented reality technology makes the educational process more interactive, 

increases the involvement degree of the student in the educational process, allows the student to 

gain experience with this technology in the field of his future professional activities. 

Specifics of the subject area should be taken into account and use the technologies that are 

adequate to solve specific educational problems. The article shows that in most cases in the 

educational process it is advisable to use the markerless technology of augmented reality, which 

provides equally convenient use of educational materials both in the mode of using augmented 

reality technology and without it. Augmented reality technology based on AR-codes should be 

used only in cases where it is necessary to provide an information resource with a link, and the 

direct use of hyperlinks is impossible for the user. 
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Müasir təhsildə markersiz əlavə reallıq texnologiyası 

Müasir maarifləndirmə prosesində əlavə reallıq texnologiyasından istifadənin mümkün 

istiqamətlərinə baxılmışdır. Maarifləndirmə prosesində bir çox hallarda markersiz əlavə reallıq 

texnologiyasının AR-kodlardan istifadəni ehtimal edən əlavə reallıq texnologiyasına nisbətən 

mühüm üstünlüklərə malik olduğu göstərilmişdir. Avtomatlaşdırma və idarəetmə sahəsi üzrə 

mütəxəssislərin hazırlığı zamanı əlavə reallıqdan istifadəyə dair nümunə göstərilmişdir.  

Açar sözlər: əlavə reallıq, interaktiv maarifləndirici texnologiyalar, markersiz əlavə reallıq, 

avtomatlaşdırma və idarəetmə sahəsində mütəxəssislərin hazırlığında əlavə reallıq. 
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Безмаркерная технология дополненной реальности в современном образовании 

Рассмотрены возможные направления использования технологии дополненной реальности 

в современном образовательном процессе. Показано, что в образовательном процессе в 

большинстве случаев технология безмаркерной дополненной реальности имеет 

существенные преимущества перед технологией дополненной реальности, 

предполагающей использование AR-кодов. Приведен пример использования дополненной 

реальности при подготовке специалистов в области автоматизации и управления. 

Ключевые слова: дополненная реальность, интерактивные образовательные технологии, 

безмаркерная дополненная реальность, дополненная реальность в подготовке 

специалистов в области автоматизации и управления. 

mailto:3max.kat.ru@mail.ru

