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THE AUGMENTED REALITY USAGE FOR LEARNING OF  
DISAPPEARING HISTORICAL MONUMENTS 
 
 

Abstract: The study is devoted to the development of a mobile application for the recon-

struction in augmented reality of disappearing objects of cultural and historical heritage on 

the example of the Monzhene’s castle, also known as the Kessler’s estate. The importance 

of creating an archive of such digital twins - 3D-models for objects of cultural heritage that 

have been practically destroyed to the ground, the reconstruction of which is difficult, as 

well as for preserving the history and culture of ancestors, is noted. The effectiveness of us-

ing the developed application based on augmented reality technology in the educational 

process is confirmed by the results of a survey of 17 schoolchildren who used the applica-

tion in the lessons of the history of their native land. 
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Introduction 

One of the main purposes of AR/VR/MR technologies introduction in education are 

the improvement of students’ involvement in learning process, the revitalization of 

educational content and the possibility of the interactive interaction and observation 

of the object of study, including the visualization of complex abstract concepts. The 

immersive technologies are becoming part of smart education, implementing the 

most important principles for ensuring the flexibility of learning in the interactive 

educational environments and free access to educational content around the world 

through the use of the augmented and virtual reality applications (Martín et al., 

2019). Many researchers note the positive effect of the introduction of the immersive 

technologies in education such as improvement of collaboration between students, 

deep-diving into the topic of study, presentation of the learning materials  in a divert-

ing way, engaging in learning environments, exploring the possibilities of new inno-

vative technologies, developing of the useful skills with the help of the simulation of 

physical processes and real conditions of the professional environments, etc. (Dyuli-

cheva, 2020; Buboc et al., 2021; Sung et al., 2021; Vairinhos et al., 2021).    

 AR/VR/MR-technologies find more and more applications in education. For exam-

ple, the amazing professional virtual environment with interactive virtual tools for future 

dentists (Dyulicheva et al., 2021), the awesome application for learning of the magnetic 

fields properties and the research of the micro-worlds for understanding the structure of 

substances (Cai et al., 2014; Liu et al., 2019), the interesting approach for understanding 

the main concepts of probability (Cai et al., 2020), the entertaining games with augment-

ed reality for educational purposes (Rahmawati et al., 2022).     

The knowledge of history contributes to patriotic education, understanding the sig-

nificance of historical events and their influence on the formation and development of 

modern states. When studying history, students often experience difficulties associated 

with mess that occurs when remembering of more historical dates and historical events, 

lack of attention and time for memorization, as well as monotony and sameness of the 

presentation of the educational material (Chong & Yeo, 2016).   

Through the introduction of immersive technologies, historical education is being 

transformed into a technique of captivating storytelling, which allows expanding horizons 

and imagination through immersion in the reconstruction of historical events in 

AR/VR/MR environments. Challenor and Ma (2019) note the effectiveness of the use of 

augmented reality applications for the formation of emotional perception of historical 

events, improving of students’ academic performance, however, the studies on the devel-

opment of long-term memories using augmented reality are insufficient (Challenor & Ma, 

2019). The use of augmented reality in the study of history contributes to greater oppor-

tunities for choosing of styles and teaching methods, as well as increasing of the enter-

tainment of the history course for younger pupils (Dirgantoro, 2021). 

Overview of AR/VR/MR Technologies Usage in the History Education 
and Tourists’ Tours 

The most important application of the augmented reality in the education and tour-

ism is the reconstruction of buildings and historical events. It is difficult for the stu-
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dents to imagine what objects or clothes looked like in antiquity, what the buildings 

and cities were in the past, etc. The augmented reality allows you to immerse yourself 

in the atmosphere of historical events and visualize abstract historical objects. When 

developing the augmented reality applications, it is important to take into account 

design and functionality features depending on the target audience and purpose. The 

augmented reality technology, together with gesture recognition, can open up new 

ways of human-computer interaction, for example, the restore an amphora from 

shards or reconstruct an ancient column based on the fragments, controlling parts of 

an artifact using gestures (Saggio & Bora, 2011). 

The Usage of the AR/VR/MR Technologies in the Historical Education 

Garcia described the HARA augmented reality mobile application for studying the his-

torical period associated with the American colonization in the Philippines based on 

flashcards with historical events (Garcia, 2020). Another example of the flashcards 

usage in the study of the history of chemistry based on the combination of game-based 

learning with augmented reality technology is considered in (Wang et al., 2017). Gher-

ardini et al. (2018) considered the implementation of the reconstruction of sculptures 

based on a combination of 3D modelling and photogrammetic techniques, as well as 

combining with a video stream of a real scene (Gherardini et al., 2018). Baharuddin et 

al. (2020) explored the possibilities of using augmented reality to visualize content in 

animation history and art history classes, and noted an increase in student engagement 

in the learning process and improved social collaboration skills (Baharuddin et al., 

2020). The effectiveness of the augmented reality usage in the study of the ancient 

history and the cultural heritage of Indonesian through the perception of the visual 

images is confirmed in the research (Utami & Lutfi, 2019). 

The possibilities of the augmented reality usage as navigation tool for walking tours 

and as an educational tool for studying the cultural heritage of the city of Santiago de 

Chile are considered in the paper (Joo-Nagataa, 2017). Mokhsin et al. (2019) described 

the development of the ARMyPat augmented reality application to get acquainted with 

the historical figures of Malay and their exploits through the participation in the 

fighting game built into the application and noted the importance of such an applica-

tion not only for the interactive study of history, but also for the development of the 

spirit of patriotism among young people (Mokshin et al., 2019). Azhar et al. (2019) 

developed an augmented reality app to explore the story of the fall of the Melaka Em-

pire. They designed their app in such a way that users can learn history through an AR 

book and test their knowledge by taking a quiz (Azhar et al., 2019). The acquaintance 

with the life story of the ancient Roman poet Ovid and the cultural heritage of Ancient 

Rome is implemented in the augmented reality application OvidAR. The users of the 

application can immerse themselves in the life of Ancient Rome, see what the buildings 

of that time looked like (Boboc et al., 2019).  

Let’s consider some iOS-applications for the history learning with the help of the aug-

mented reality.  The WDR AR 1933-1945 application immerses schoolchildren in the terrible 

atmosphere of World War II from the hell of concentration camps to the bombing of civil-

ians. In the center of the classroom in augmented reality, students become involuntary par-

ticipants in the events of those sad years, they see and hear the memories of war children 

from besieged Leningrad, Cologne and London, who were subjected to air attacks. The Pal-
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aeoGo app is designed to immerse you in the era of dinosaurs. 3D-models of tyrannosaurs, 

dilophosaurus, pteradactyls and mammoths allow not only to view dinosaurs and mam-

moths from different angles, but also to get acquainted with the description. The AR History 

- 3D Monuments app allows you to walk through the ruins of the ancient Colosseum, touch 

the secrets of Stonehenge and El Castillo pyramid in Chichen Itza. 

The usage of the above applications with augmented reality as educational tools 

were presented in the Figure 1. 

 

Fig. 1. The examples of the learning history with the help of mobile iOS applications:                    
WDR AR 1933-1945 (A), PalaeoGo (B), AR History - 3D Monuments (C) 

Learning History Through the AR/VR/MR Tourists’ Tours and Muse-
um Visiting 

In recent years, there has been a stage of intellectualization of museums through the in-

troduction of advanced innovative technologies. A striking example is the implementation 

of a project based on artificial intelligence technology, which made it possible not only to 

see the live” Salvador Dali, to hear his voice, but also to take pictures with him in the Dali 

Museum in Florida. The introduction of such projects contributes to better memorization 

of information, immersion in the world of art and history through direct participation in 

events, developing new ways of gaining knowledge (Billock, 2019).  

Martí-Testón et al. (2021) described the development of a mixed reality application 

for an archaeological museum that allows visitors to experience new information about 

the history of antiquity in an interactive and entertaining way (Martí-Testón et al., 

2021). Seo et al. (2010) discuss the prospects for the development of personalized guides 

with animated virtual assistants based on the recognition of the current location of the 

tourist and graphic primitives on cultural heritage monuments for overlaying 3D-objects. 

Features of the guide implementation included highlighting key points using the SIFT 

descriptor and matching descriptors to determine the desired image based on the nearest 

neighbour algorithm, as well as highlighting rectangles based on contours and tracking 

camera position to correctly display content in augmented reality (Seo et al., 2010). 



 

 

135 

The approaches to the reconstruction of historical artefacts can improve the percep-

tion of historical and cultural values and contribute to the improvement of personal 

knowledge. The visitors to the museum experience difficulties in perceiving the destroyed 

monuments, mosaics or rock inscriptions. Their perception and imagination is limited 

due to lack of knowledge in this area. AR/VR/MR are able to overcome this limitation and 

reproduce the original look of a historical artefact. Gherardini et al. described the devel-

opment of an application for the reconstruction of museum exhibits such as ancient mo-

saics and lion sculpture, and demonstrated the effectiveness of the application for the 

perception of the original appearance of historical exhibits (Gherardini et al., 2019).   

The aims of the paper are 1) the investigation of the modern approaches for the 

implementation of the augmented and virtual reality to improve the quality of teach-

ing history and the fascination of excursions; 2) the development of a 3D-model of a 

disappearing monument of cultural heritage on the example of the Monzhene house 

(Kessler’s castle); 3) the development of an augmented real ity application for immer-

sion in the history of the native land and acquaintance with rare monuments of the 

cultural heritage; 4) the investigation of the effectiveness of the augmented reality 

application in the history learning of the native land and the role of the augmented 

reality technology for the formation of an archive of digital virtual twins of disappear-

ing cultural heritage monuments. 

Methodology and Research 

A feature of the development of an augmented reality application is its focus on the 

reconstruction of rare, almost disappearing objects of cultural and historical heritage 

that are not included in the list of attractions of popular tourist tours. Kessler's estate, 

also known as the castle (house) of Montzhene, is a medieval castle in the neo-Gothic 

style and belongs to the category of disappearing architectural and historical sights of 

Crimea that have lost their original appearance. The reconstruction of such rare ob-

jects of cultural heritage is of great importance for the preservation of the culture and 

history of various peoples living in the territory of Crimea. Augmented and virtual 

reality technologies can contribute to the creation of an archive of digital virtual twins 

aimed at restoring architectural monuments. Such reconstruction in augmented reali-

ty is much cheaper than the real reconstruction of buildings. It should also be noted 

that some cultural heritage sites are so destroyed that they require restoration from 

scratch. The reconstruction of such disappearing cultural heritage objects begins with 

a detailed study of archival photographs. In the case of the Kessler’s manor, we were 

able to study photographs of the facade, including drone shots to understand the 

proportions and structure of the building, but were unable to find archival photo-

graphs of the rooms to enable a full immersive tour of the castle.    
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Fig. 2. The stages of the 3D-model of Monzhene’s estate creation that were developed by authors 

The research methodology consists of the following main stages: studying archival 

photos, creating a plan-drawing of the estate frame in Paint, loading drawings into 3Ds 

Max as splines, building up the walls of the model frame and decorative elements, creat-

ing the final 3D model of the estate, designing a mobile application, the use of marker 

technology and computer vision algorithms to “bind” the model to the marker image and 

analyze the streaming data from the device’s camera to reproduce the 3D model on the 

ground, test the model in the classroom in the lesson on the study of the history of the 

native land, conduct and analyze the results of the questionnaire. Figure 2 shows the stage 

of building the walls of the 1st floor of the Monzhene’s estate based on the created draw-

ing (2a), building the frame (2b), editing the polygons of the second floor of the Mon-

zhene’s estate (2c) and painting the model (2d). 

The process of building up the walls took place in this way: first, according to the 

drawings, lines were drawn, which, closing at one point, formed splines. Further, the 

splines were assigned the editable poly property, which allows you to work with polygons, 

vertices and edges of the element. A specific polygon (polygons) was selected, which need-

ed to be increased, and the extrude method was applied to it, which is used to extrude 

polygons in one plane. After building up the main walls, window and door openings were 

cut out in them, according to the drawings. The battlements of the walls were developed 

as complex figures, from various simple parts and figures, in some places the bevel tool 

was used. After the 3D model was built, it was necessary to give it colours and textures to 

the polygons, for subsequent visualization in the application. Despite the fact that 3Ds 

Max has its own built-in material library, the Corona Renderer package was chosen for 

texturing as an addition to 3Ds Max, since this package provides more convenient materi-

al map functionality and a large number of material templates for subsequent rendering 

of pseudo-historical images of our application. 

The initial state of the Monzhene’s estate and its reconstruction based on 3D model-

ling are shown in Figure 3. 
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Fig. 3. The real state of Monzhene’s estate  (author is Vadim Razumov2) on the left, the 3D-model of 
Monzhene’s estate is made by authors on the right 

 

Fig. 4. The results of the mobile application with 3D-models of Monzhene’s estate (on the left) and 
the fountain in front of the castle in the augmented reality (on the right) 

New technologies make it possible to analyze the user's environment based on the analysis of 

data coming from motion sensors and geolocation coordinates, as well as a result of video 

stream image recognition, which contributes to the development of teaching methods based 

on the personalization of educational content that augments reality (Kysela & Štorková, 

2015). 

Results 

For augmented reality application development we used a 2D image tracking technology 

with 3D model of Monzhene’s castle overlay with the help of the augmented reality soft-

ware development platform Vuforia and cross-platform engine Unity3D. The results of 

the augmented reality application are presented in Figure 4.  

The developed application was used in a lesson on the study of the history of the  

native land. 17 pupils in age from 13 to 15 years old took part in the survey. We asked 

the following questions. 

                                                
2 vadimrazumov.ru/694201.html 
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1. Was the augmented reality app useful in the lesson? (12 pupils (70.59%) an-

swered “yes”, 3 pupils (17.65%)  found it difficult to answer, 2 pupils (11.76%) an-

swered “no”) 

2. What did you like the most when using the application with augmented reality 

(animation when the castle was appeared, the 3D model of the castle itself, bat-

tlements, balconies, etc. (building details), fountain and castle surroundings)? (7 

pupils (41.18%) liked the 3D model, 5 pupils (29.41%) paid attention to small de-

tails of the castle, 4 pupils (23.53%) noted the elaborateness of the castle’s envi-

ronment, one pupil (5.88%) found it difficult to answer). 

3. What architectural style does Monzhene’s castle belong to? (11 pupils (64.71%) 

remembered that the castle belongs to the Neo-Gothic, 6 pupils (35.29%) did not 

remember the style or gave the wrong answer) 

4. Remember at least one fact from the history of the castle of Monzhene? (13 pu-

pils (76.47%) remembered at least one historical fact about the castle, 4 pupils 

(23.53%) could not answer). 

5. Did you know before this lesson about the existence of the Monzhene’s castle? 

(15 pupils (88.24%) had never heard of the Monzhene’s castle before this lesson, 

2 pupils (11.76%) had heard of the castle from their parents). 

6. Has augmented reality helped us understand what the castle looked like in the 

past? (15 pupils (88.24%) answered “yes”, 1 pupil (5.88%) found it difficult to 

answer, 1 pupil (5.88%) answered “no”). 

7. What did not like when using the augmented reality application in the class-

room? (5 pupils (29.41%) noted that there were difficulties with application in-

stallation (operating system version incompatibility, low Internet speed when 

downloading the application), 2 pupils (11.76%) noted the lack of realism, the 

remaining 10 pupils (58.83%) did not highlight any shortcomings). 

Thus, among the advantages, schoolchildren noted the opportunity to view the castle from 

all sides and study its surroundings, the opportunity to explore small details when getting 

acquainted with the architectural style (neo-gothic). In general, the students were animated 

and engaged in working with the application and exploring the castle in augmented reality. 

Conclusion 

It should be noted the importance of developing applications with augmented reality 

for creating 3D models based on rare archival photos, since the use of the augmented 

and virtual reality technologies can leave the digital twins of the most impor tant 

monuments of the historical and cultural heritage in the memory of the future gener-

ation, if it is impossible, for one or another reason, to preserve and reconstruct the 

real historical objects. In the future, it is planned to reconstruct in augmented reality 

a detailed landscape of the adjacent territory of the Monzhene castle of that time to 

increase the realism of perception and reconstruction in augmented reality of other 

disappearing monuments. The use of the developed application with augmented r eali-

ty in the lesson on the study of the native land history demonstrated greater involve-

ment and activity of students. 
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