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Case Study 3 documentation 

1. INTRODUCTION 

This document presents the results of a case study carried within the project AURA – Auralisation of Acoustic 

Heritage Sites Using Augmented and Virtual Reality project (hereinafter – AURA). Its aim is to explore the potential 

of using auralised 3D models of concert halls, and to understand the promotion opportunities for different target 

audiences of the product. 

The following tasks were defined for conducting the research: 

● to explore the prospects of using virtual and augmented reality technology in the fields of music, theatre 

and performance, in particular, the potential of auralised 3D models of concert halls; 

● to describe the interests of potential target audiences; 

● to develop marketing scenarios that provide an understanding of the methods of use in relation to the 

interests of different target audiences; 

● to propose financing models and ways of monetisation. 

 

Research methodology 

First, a desk research was conducted to describe the audience of classical music connoisseurs and determine their 

preferences and the distinct nature of the user experience. Particular attention was paid to the issue of trends and 

the search for the best examples of the use of VR and AR technologies in the concert industry and, in particular, for 

the popularisation of classical music, as well as the use of 3D modelling in the fields of classical music and cultural 

heritage. 

At a second stage, interviews were conducted with experts in the field of music, VR and AR, and 3D modelling as 

well as with representatives of the concert industry, classical music performers, teachers and other representatives 

of the target audiences. The aim of the interviews was to share the project materials and discuss possible scenarios 

for the use of auralised 3D models of concert halls. The explanation targeted both a visionary and tangible scenario 

of auralisation of 3D modelled musical venues. The visionary scenario pictured the creation of further auralised 3D 

models following suit with the models already created during the project but significantly enhanced and 

supplemented with new components of the next-generation technologies. The “tangible” scenario used the actual 

auralised 3D models of music venues in Berlin, Florence, and Lviv created during the project1. This made it possible 

to collect the feedback of potential users by bridging and extrapolating the existing prototypes to a potential future 

and discuss the prospects for the development of the technology and opportunities for improving the production 

results. 

At a third stage, the results of the desk research and a series of interviews were systematised by the method of 

mapping the interests and user experiences of the target audiences. Hypotheses regarding the prospects of the 

technology development were also taken into account. The user experience map reflects all these relationships. 

                                                 
1  
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This approach will allow us to significantly expand the audience and reveal new interests in the future. The proposed 

methodology allows developing basic marketing scenarios with recommendations on monetisation strategies. 

The main limitation of the study is that the demo version of the prototype has been time intensive in its production 

and due to budgetary constraints, only hints at what could be more sophisticated technological applications. Also, 

future scenarios – convincing as they are in principle as a methodology – are very hard to convey. A lot of imaginary 

power is required to extrapolate from the first prototype to a potential future. It seems particularly hard to let go 

of current impediments and visualise them as “solved”, e.g. the cumbersomeness of present-day head-mounted 

devices such as VR goggles, and VR being a household device like TV today. 

The research was conducted from January to August 2022. 
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2. PROSPECTS FOR THE USE OF AURALISATION TECHNOLOGY 

WITH 3D MODELS  

The prospect of using auralised 3D models is directly related to the following aspects: 

● the level of interest in classical music and the trends that can now be observed in the changing 

configuration of the audience; 

● the level of development, prevalence, and availability of VR and AR technologies in the music industry and 

safeguarding cultural heritage; 

● the scope of possible uses of auralised 3D models for different purposes and user audiences. 

Since auralisation, in particular in combination with 3D models and performances, is an emerging technology, the 

greatest potential of its use lies precisely in the opportunities of creating new products/ services based on it for the 

music performance industry, in working with acoustic cultural heritage, as well as for the purpose of promoting 

classical music. That is why this research is focused on the study of the opportunities that this technology provides 

not only now but also in case of its development in the future. 

2.1 Classical music 

In the last few years, creative industries have faced many challenges in their development. The COVID-19 pandemic 

and its restrictions have become a serious challenge for music and concert events regardless of geographical 

provenance or musical style. 

Studies and reports on the music market of different countries are indicative. For example, in the UK, where the 

music industry was consistently commercially successful and growing until 2019. The data2 shows that during 2020, 

85% of UK musicians' live performance revenue was lost compared to 2019, and according to surveys, the income 

of music creators decreased by 65% this year and those who rely primarily on live performances by up to 80%. To 

solve these problems, the British government approved the Cultural Recovery Fund worth 1.57 billion pounds in 

2020 and introduced a number of fiscal relaxations (reduction of VAT, excise rates, and tariffs) for the cultural 

industries. However, until 2022, it was not possible to achieve the previous development indicators. 

According to a study by the Brookings Institution3, between April and July 2020 alone, the number of jobs in the US 

fine and performing arts industry decreased by 50% and sales fell by more than $42 billion. Across the world, the 

Organisation for Economic Co-operation and Development (OECD) ranks the cultural and creative sector (CCS) 

among the worst affected by the crisis, along with tourism4. 

In addition to the economic challenges related to the reduction of offline events in the music industry due to the 

pandemic, consumption in this sector has also undergone changes in recent years. Let's focus on classical music in 

detail. Until 2019, the age distribution of listeners was basically stable, and the main consumers of classical music 

were people over the age of 55 (Fig. 1). 

                                                 
2 Mu5ic by numbers: 2020. Source: https://www.ukmusic.org/research-reports/music-by-numbers-2020/ 

3 US National Institute for Advanced Study. Combines academic and community strategies. The organization's mission is to conduct in-depth 

research that leads to new ideas for solving problems facing society at the local, national and global levels. Source: https://www.brookings.edu/ 

4 LOST ART: Measuring COVID-19’s devastating impact on America’s creative economy. Source: https://www.brookings.edu/wp-

content/uploads/2020/08/20200810_Brookingsmetro_Covid19-and-creative-economy_Final.pdf 
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Figure 1. Age distribution of classical music listeners in the world (4th quarter of 2018, number of respondents – 

8,000 people in 8 countries: USA, Great Britain, Mexico, Sweden, Austria, Denmark, Germany, South Korea)5 

 

The age distribution and level of earnings, for example, in Great Britain in 2018/20196 looked like this: 

● 80% of the audience that attended live classical performances was made up of people aged over 55; 

● about 54% of classical music listeners belonged to a more affluent social group. 

In 2019, the average age of a visitor to a concert hall to listen to classical music in Paris was 45 years old, at the 

Metropolitan Opera (New York) – 58 years old, at the Staatsoper (Berlin) – 54 years old. Houston Grand Opera's 

largest audience segment was 65 to 72 years old. 

A typical portrait of a classical music listener until 2020: an older person with an  

average or higher income who attends live concerts or listens to classical works on the radio. 

Since 2020, there has been an increase in the number of younger classical music listeners. Many experts and foreign 

mass media note that the so-called classical music boom has been observed since 2020. According to a joint study 

by the Royal Philharmonic Orchestra, streaming service Deezer and the British Phonographic Industry (BPI)7, 

classical music is becoming increasingly popular with young people. Between March and May 2020 alone (the first 

three months of quarantine), the number of classical music streams on the Deezer platform among listeners aged 

18 to 25 increased by 11%, and overall this age group took 34% of all classical music streams in 2020 on this 

platform. Interestingly, the researchers found8 that 35% of respondents under the age of 35 believe that listening 

                                                 
5 How Classical Music Is Becoming The Next Emerging Streaming Market. Source: 

https://www.forbes.com/sites/melissamdaniels/2019/07/22/how-classical-music-is-becoming-the-next-emerging-streaming-

market/?sh=639d21272894 

6 Research into the classical music ecosystem. Source: https://www.bbc.co.uk/mediacentre/documents/classical-music-ecosystem-research.pdf 

7 Research shows a huge surge in Millennials and Gen Zers streaming classical music. Source: https://www.classicfm.com/music-news/surge-

millennial-gen-z-streaming-classical-music/ 

8  Classical music boosts mental health and wellbeing in isolation, study finds. Source: Classical music boosts mental health and wellbeing in 

isolation, study finds – Classic FM 
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to orchestral music during quarantine helped them relax and maintain a sense of calm and well-being. Also, it is 

important that in 2020 the number of those who like to listen to classical music at home increased by 22% (51% in 

total). 

As of early 2020, one in three classical music listeners on streaming platforms is under 35. 

It is important to note that it was not only the pandemic that contributed to the increase in classical music listeners 

among younger audiences. Leading world operas also played an important role in that. 

The experience of the Paris Opera is successful in this respect. As early as 2014, the management launched a large-

scale programme to encourage young people to attend classical concerts. As a result, 95,000 listeners under 28 

years old attended the opera in a season since 2017 – it is more than 10% of tickets sold and 30,000 more than at 

the start of 2015. Attracting private and corporate sponsors, as well as foundations, allowed the Paris Opera to 

introduce discounts on tickets and hold previews of performances for audiences under 28 years of age. Among the 

young people who took advantage of this programme, 56% of the audience attended the opera for the first time. 

In addition to discounts and individual screenings, the creation of a series of about 50 short films with opera 

performances which were called “The Third Scene” played an important motivational role and had more than 3 

million views. All this made it possible to significantly increase interest in classical music among French youth. This 

is not the only example. Also, the case of the Royal Opera House in London is successful in popularising classical 

music and encouraging attendance at the opera9. 

Apart from attending live performances, classical music radio stations remained the most common sources through 

which classical music was listened to until 2019. They are quite common in Europe. This distribution was typical in 

terms of the age of the target audience and their classical music listening habits. The data shows that a majority of 

40% of classical music fans worldwide listened to it on the radio, and 35% listened to it on CD. The third most 

popular way of listening to classical music was the YouTube service. 

 

 

 

Figure 2. Distribution of resources for listening to classical music in the world 

(4th quarter of 2018, number of respondents – 2,824 people worldwide)10 

                                                 
9 Аn Unlikely Youth Revolution at the Paris Opera. Source: An Unlikely Youth Revolution at the Paris Opera – The New York Times (nytimes.com) 

10 Source: https://www.statista.com/statistics/1021647/classical-music-listening-worldwide/ 
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Despite this, it is worth noting that the growth in popularity of classical music among listeners of streaming 

platforms is also quite significant. The largest streaming services for listening to classical music in the world are 

● IDAGIO; 

● Primephonic (in 2021, the service joined Apple Music and ceased to function as a separate streaming 

platform); 

● Apple Music; 

● Qobuz; 

● Spotify; 

● Tidal. 

Each of them has its own characteristics that affect their popularity for listening to classical music11: 

● content: Idagio has only classical music; 

● filters: Apple, Spotify, and Tidal do not have the option of filtering new compositions by genre which makes 

it difficult to find classical music in particular; 

● Playlists: Primephonic had the best selection of compositions on various genres until 2021. There are even 

listening guides where panels appear while listening to a work that tells interesting things about the 

composition being played; 

● sound quality: Qobuz and Tidal provide the best quality music stream formats; 

● cost: the average subscription price is 15-20 euros per month. 

The significant interest in classical music on streaming platforms is also confirmed by the statistics on listening to 

classical composers in 2021. 

 

 

Figure 3. Top 10 classical composers by the number of streams on Spotify in 202112  

                                                 
11 Alternatives to Spotify: six of the best classical music streaming services in 2021. Source: https://bachtrack.com/feature-best-classical-music-

streaming-services-apple-idagio-primephonic-qobuz-spotify-tidal-february-2021 

12 Spotify is losing artists; what would the great classical composers have earned from streaming? Source: https://www.classicfm.com/music-

news/classical-composers-have-earned-on-spotify/ 
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The statistics of the sources of classical compositions streams on the Deezer streaming platform during January-

June 2020 enables us to conclude that the majority of listeners are regular. They often use playlists for listening to 

classical music. 

 

Figure 4. Sources of classical music streams on Deezer, January-June 202013 

 

Although there has been a digitisation in classical music consumption in recent years, streaming platforms or 

recordings cannot fully reproduce the ranges and spectrums of sounds. Listeners of this genre of art are rather 

demanding regarding the sound quality, so the interest in listening to live music remains quite significant. Because 

of this, there is a niche for the development of digital technologies that will allow the recording and reproduction 

of music in such a way as to satisfy the needs of the most demanding audio connoisseurs. For example, by creating 

an immersion effect. 

This aspect can be decisive for developers. It can be summarised and specified as follows: despite the growing 

demand for classical music works among listeners all over the world and the interest of young audiences, streaming 

platforms and other popular resources cannot convey the closest live sound quality and atmosphere of real concert 

halls. Therefore, in the near future, the implementation of virtual and augmented reality technologies in classical 

music will be especially relevant, which will make it possible for: 

● listeners to virtually visit classical music concerts and experience the most realistic sound from different 

angles; such solutions can be attractive to all age, social or any other groups of the target audience; 

● musicians and music venues to additionally commercialise their work in conditions of restrictions on live 

performances or too high-ticket prices for visitors; also, these are additional opportunities for collaboration 

with various technological and creative industries. 

In addition to the final consumer, the listener of a musical piece, active consumers of classical music are producers 

in various fields: education, design, film, dance etc. Classical music is getting a second life in the field of video game 

production which is another significant factor in the growth of interest in this genre among young audiences. 

Around one in six Britons aged 6-16 listens to classical music as part of a computer game they play.14 

Therefore, we can say that classical music has gone beyond the boundaries of opera and other concert halls in 

recent years. The main trends of the growth of young audiences on the one hand and the challenges of the 

pandemic with the limitation of attending live performances and the increase of time spent at home on the other, 

require the search for new technological solutions for listening to musical works. The target audience seeks to get 

                                                 
13 Research into the classical music ecosystem. Source: https://www.bbc.co.uk/mediacentre/documents/classical-music-ecosystem-research.pdf 

14 CLASSICAL MUSIC IN VIDEO GAMES. Source: https://www.audionetwork.com/content/the-edit/expertise/classical-music-video-games 
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the most realistic sensations and immerse themselves in the atmosphere of a live performance. This is especially 

relevant for the classical genre. Streaming platforms and recordings cannot provide this. Therefore, the 

implementation of virtual and augmented reality technologies in listening to classical music, and its digitised use in 

other fields can become an effective tool for popularisation and commercial success. 

2.2 VR and AR trends in the music and concert industry 

Virtual reality (VR) is a simulated experience that employs pose tracking and 3D near-eye displays to give the user 

an immersive feel of a virtual world. The main components of VR are the virtual world, immersion, and interactivity. 

Virtual worlds should always be broadcast using an environment (eg. actors, music, VR systems, language, etc.) that 

inevitably activates the user's imagination. Immersion refers to the extent to which technology can provide the user 

with a high-quality, vivid virtual environment that creates the illusion of reality. Interactivity involves user 

interaction with the virtual world, and the ability to influence its content and form15. In addition to the visual 

component of the VR programme, audio plays an important role in immersion. The sense of immersion in VR can 

be enhanced through realistic sound effects in the virtual space when the sense of the environment is enhanced by 

music. Music can also be a great way to influence the user's emotions in an immersive environment. 

Today there are many examples of the use of VR technology in the cultural sector. The spectrum of use is very wide: 

from unique events to such typical products as VR tours. The immersion effect is increasingly gaining in quality 

which allows talking about individual products as new formats of digital art and at the same time attracting new 

audiences. 

In 2020, Finding Pandora X theatrical performance based on the well-known Greek myth about Pandora's box won 

in Best Virtual Reality Experience nomination at the Venice Film Festival. At the beginning of the performance, the 

audience is in the form of avatars on the cloud. Virtual avatars of ticket takers help the audience, “players”, get 

used to the experience by answering questions and guiding them if they get lost. As the show continues, the players 

and actors work together to solve problems in search of Pandora and move the plot forward. At the end of the 

show, the audience learns to “fly” in the virtual world as a reward for their participation. Behind the scenes, actors 

put on HP Reverb headsets and directors control the stage through HP workstations instead of a standard 

microphone and clipboard.16 

Scientists have already conducted numerous studies comparing live concerts and concerts using VR. The main 

motivation of the audience to attend live concerts is17: 

● the uniqueness of the event, that is, visitors perceive a live concert as something unique and unforgettable, 

authentic, which may not be repeated again; 

● proximity to musicians/ performers, interaction with them is an important motivator for fans; 

● visual stimulation through props, costumes, projections, lighting enhances the impression of the music; 

● social dimension, as a shared experience through a sense of connection with other listeners and 

performers; 

                                                 
15 VIRTUAL REALITY AS NEW CONCERT SPACE. Source: https://libstore.ugent.be/fulltxt/RUG01/003/007/199/RUG01-

003007199_2021_0001_AC.pdf 

16 3 ways live theatre is finding new life in the virtual world. Source: 3 ways live theatre is adapting to a virtual world – The Garage by HP 

17 Why go to pop concerts? The motivations behind live music attendance. Source: https://doi.org/10.1177/1029864916650719 

https://garage.hp.com/us/en/arts-design/live-theater-goes-virtual-2020.html
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● the desire to discover/ learn something new (to be surprised) through acoustics and different variations of 

sound. 

The main motivators for attending VR concerts18: 

● better accessibility compared to physical performances: absence of geographical borders or the possibility 

to be at home, ease of use and access, inclusion, absence of jostling and crowds (the only possible obstacle 

is the incompatibility of the technology with the user's equipment); 

● lower ticket price, no need to spend money on the commute, additional drinks or food; 

● more unique visual effects that give a new dimension to music; 

● unreal impressions, that is, the desire to get an experience that cannot be realised at physical concerts 

thanks to the combination of various effects and technologies; 

● the opportunity to see close-ups, different angles. 

Experts in the field of VR and the music industry emphasise the great potential of attending virtual concerts due to 

the growing demand from the target audience. 

The Belgian company Soundstorm is one of the leading developers of VR technology for the concert industry. 

Organisers and performers can book thematic virtual worlds for their performances: Pluto's ground, a volcanic 

island, a prison on a flying stone. Apart from that, they are also gaming platforms. Also, developers can create a 

custom-made virtual concert venue. One of the features of this technology is the social dimension: participants 

have their own avatars, can interact with each other, challenge each other in dancing and activate different 

emotions. There is also a chat function – a virtual bar with video cameras turned on. 

Zero-latency streaming provides the closest approximation to a live concert. Performances of artists are broadcast 

live in a virtual concert space. Filming through stationary cameras gives a visual effect of the performers' presence 

on stage.19 

According to statistics, in 2020, there were 26 million virtual and augmented reality headsets used by consumers in 

the world, and by 2025, this number is predicted to be 43.5 million units20. Therefore, the world's leading companies 

producing such technologies, in cooperation with the European and American music communities, are actively 

studying if it will be possible to transform the stage and expand target audiences. However, the question of the cost 

and availability of VR headsets for users, as well as the commercialisation of such virtual performances, remains 

open. Today, such events are mostly held for the purpose of promotion, testing of the technology and research of 

interests of a potential audience. 

The British Philharmonia Orchestra is considered to be the most commercially successful in terms of the 

development of VR concerts. Over the past decade, the orchestra's VR productions have reached 350,000 people 

and generated commercial revenue for the orchestra. The £10 Orchestra iPad app has been purchased almost 

100,000 times since its launch and has been the centrepiece of Apple's international marketing campaign. One of 

the direct results of their first VR project was a new partnership with Google that ordered Philharmonia's VR 

production of Beethoven's Fifth Symphony in partnership with NASA, which won the Raindance Film Festival Award 

                                                 
18 VIRTUAL REALITY AS NEW CONCERT SPACE. Source: https://libstore.ugent.be/fulltxt/RUG01/003/007/199/RUG01-

003007199_2021_0001_AC.pdf 

19 Source: https://soundstorm.online/ 

20 Augmented reality (AR) and virtual reality (VR) headset shipments worldwide from 2019 to 2023. Source: 

https://www.statista.com/statistics/653390/worldwide-virtual-and-augmented-reality-headset-shipments/ 
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for Best VR Music in September 2017. The orchestra joined the Google Jump VR Camera loan programme which 

allowed them to begin their third VR project, filming a performance of Mahler's Third Symphony, released in 2018.21 

The analysis of examples of VR implementation by the most famous world operas and orchestras demonstrates: 

● in almost all cases there was the involvement of private/corporate sponsors, patrons, and foundations; 

● the biggest challenges in creating VR concerts for arts organisations are cost, quality, and distribution; 

● external funding also allowed to pay wages to bands that participated in creating virtual concerts (often 

fully equal to what they would receive for live performances); 

● the first attempts to attract the audience to virtual concerts first on a free-of-charge basis, then with the 

sale of tickets and a gradual increase in their price, the creation of applications for smartphones; 

● large international companies (businesses) or charitable foundations mainly sponsor headsets for 

concertgoers of major operas and orchestras in Europe and the USA. 

In 2020, in Barcelona, the La Caixa Foundation financed the creation of a virtual Symphony concert by the Mahler 

Chamber Orchestra. Symphony sets up room-sized mobile halls in public spaces. Inside, visitors put on HP Reverb 

G2 VR headsets and find themselves on stage at the Gran Teatre del Liceu in Barcelona sitting with the Mahler 

Chamber Orchestra and a renowned Los Angeles Philharmonic conductor Gustavo Dudamel immerses them with 

the first part of Beethoven's Fifth Symphony. From there, the audience is taken on a surreal galactic journey to the 

workshop of a luthier or string instrument maker where they fly through the inside of a violin and various parts of 

a trumpet. According to the founders, the project embodies the ability of music to overcome differences and 

promote social integration, offering thousands of people access to symphonic music. It is planned that Symphony 

will visit about 100 towns in Spain and Portugal over the next 10 years22. 

In addition to virtual concerts, a popular direction of using modern technologies in particular in classical music is 

supplementing a live concert in the hall with elements of augmented reality. 

Unlike VR, augmented reality (AR) focuses on augmenting the physical world with digital technologies in real-time. 

The technology “embeds” virtual elements into the real world using a variety of components, including computer 

vision and registration tools. Users can view augmented reality content such as videos or images on a phone, tablet, 

glasses, or computer monitor. Currently, there are several varieties of this technology, such as marker-based AR, 

marker-less AR, and AR on locations and on projectors. In AR applications, sound can also help increase the sense 

of immersion, for example by adding realistic sound effects to virtual objects. The primary purpose of audio in AR 

is to enhance the user's real environment with audio content. For example, by adding audio annotations. In such 

programmes, users can not only hear music but also change it intuitively. 

Although at first glance, AR technology is not as advanced or impressive as VR, it occupies a significant niche among 

users, first of all because it is used in the real world and does not provide immersion in another fantasy world, like 

VR with its detachment from the real world. The music industry also actively uses this technology, in particular for 

a certain personalisation in the consumption of a music product. The most popular are marketing solutions where 

listeners can scan album covers or new single posters with their smartphones and see visuals or hear new sound 

effects. 

In 2020, the British pop-rock group Haim`s released the album “Women in Music Pt. III". When users pointed their 

cameras at the album cover in the Instagram app, the music started playing and the cover changed in video format 

                                                 
21 Philharmonia Orchestra and Inition. Source: https://www.immerseuk.org/case-study/philharmonia-orchestra-and-inition/ 

22 The new surround sound: Symphonies, operas, and orchestras in VR. Source: https://garage.hp.com/us/en/arts-design/orchestra-symphony-

opera-VR-performances.html 
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at the same time. More than 300,000 people used this feature and it significantly boosted sales of the physical 

album, the interest in which was 30% higher than the average for this music genre. Also, due to this experiment, 

the band's popularity increased significantly.23 

AR has significant potential for being used in classical music as well: 

● acoustics: AR concert halls have microphones that can adapt to the environment in which the piece of 

music is performed. Directors can adjust the acoustics for a solo performance or a large orchestra, and the 

room adapts to a band; 

● opera: Opera houses are implementing AR not only for the listener to see the storyline or characters but 

also for internal use. 

● notes for musicians and subtitles during performances (concerts): back in 2013, the Google Glass company 

began working on the development of an AR programme that would replace classic music stands, and 

musicians could scroll through notes in special glasses; some leading European theatres have glasses that 

allow the audience to simultaneously look at the stage and read the subtitles with the dialogues of the 

performers; 

● music education: AR is used to teach playing musical instruments. Most of the programmes were created 

for piano and string instruments, when pointing the phone's camera at the keys, the user can see how to 

place the fingers and when and which notes to play; 

● performances: AR applications allow the user to see and hear how, for example, an orchestra would be 

placed and sound in their room or other space where they are. 

 

The Welsh National Opera created the play “The Tale of the Fox” which shows a scene from the book – a tunnel 

with a virtual fox.24 

The English National Opera has developed an application that helps opera singers and theatre make-up artists in 

trying on costumes and make-up. The app helps vocalists get into their roles, and make-up artists to develop a look 

for each character. Viewers can also use the programme to see what they would look like if they too were characters 

in the opera.25 

Ukraine also has two good examples of creating AR products for the promotion of theatre and cultural heritage. 

In 2020, the Ukrainian Modern Dance Platform and the German Post Theatre, together with the WeAR company, 

started creating a technology called ALTStage, which will expand the visual effects when watching performances 

both in halls and at home. It is a mobile application that allows you to see additional virtual elements (actors, 

scenery, images, etc.) during the performance when you point the camera at the stage. Also, the technology will 

allow viewing three-dimensional videos of performances from laptops or tablets.26 

Another successful example of the usage of AR technology in Ukraine is the Tustan AR cultural heritage preservation 

project. This is a mobile application that superimposes a 3D model of a fortress on real rocks, thus complementing 

the real image with a virtual one. The technology allows you to see in detail the mediaeval wooden building that 

existed on the Tustan rocks in the 12th-16th centuries. To do this, simply open the application at five marked sites 

                                                 
23 How augmented reality gives new life to physical music. Source: How augmented reality gives new life to physical music (marketingweek.com) 

24 Tech Goes to the Opera with New AR Experience. Source: Tech Goes To The Opera With New AR Experience | ARPost 

25 The Mainstreaming of Augmented Reality: A Brief History. Source: The Mainstreaming of Augmented Reality: A Brief History (hbr.org) 

26 ALTStage – a step to the screen. Source: https://danceplatform.org.ua/altstage 
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around the rocks in any weather conditions and point the camera at the rocks. In addition, the image can be seen 

remotely. The application was developed for free by SoftServe company. Thanks to photogrammetric 

reconstruction, it was possible to make computer graphic models of rocks to the nearest centimetre and 

millimetre.27 The application currently does not have an audio component. However, playing a sound background 

from different historical periods or creating a virtual event in the application can stimulate additional interest in the 

monument. For example, a concert of classical music. 

VR and AR technologies are increasingly being used to promote, discover, and create music. The best example of 

this is YouTube where popular artists have started posting 360-degree music videos. VR technology has given artists 

a unique way to share their content with their fans. Pop artist The Weekend’s remix The Hills feat. Eminem (A Virtual 

Reality Experience) is one of the most famous examples of this. The video currently has over 2.5 million views. Other 

popular VR videos include Marshmello x Crankdat – Falling To Pieces with 1.9 million views and Gorillaz – Saturnz 

Barz (Spirit House) with 15 million views. In the field of classical music, there is an example of V-Aria – Opera in VR 

and 360° from Munich.28 

Another company expanding the opportunities is VRTIFY. VRTIFY focuses on connecting artists, venues, and music 

labels with their audiences using holographic, VR, and AR technologies. VRTIFY's current partners include 

Lollapalooza, an American music festival with a peak attendance of 400,000 and heavy metal band Metallica. The 

company offers to place 360-degree sensors and cameras in the front row of live concerts allowing consumers to 

live stream the concert using a VR headset and experience the event in real-time. 

This experience will not be for free and will only be available to ticket holders, just like the live concert itself. For 

example, Billy Joel whose concert at the Hard Rock Hotel and Casino in Hollywood, Florida on January 10, 2020 sold 

front-row tickets for $811. Instead of selling only a small number of these front-row tickets, additional VR front-row 

tickets could be made available at a lower price, say $75. This will benefit the Hard Rock Hotel and Billy Joel while 

allowing fans who may not have the time or money to attend the concert in person to still have an authentic 

experience. To make the experience more authentic and social, anyone who purchases one of these VR tickets can 

go into a virtual chat with other VR ticket holders while watching the concert.29 

All these examples testify to the promising use of digital technologies in the music field. It is not only about the 

quality of these technologies but also about the emergence of new formats. The most revolutionary are mixed 

reality technologies and projects to create meta universes. 

In 2022, SXSW 2022 took place. This is a big event for XR industry leaders that come together to discuss everything 

from the metaverse, NFTs, and music to avatars, fashion, VR/ AR, and various other ground-breaking technologies. 

One of the companies that offered their vision of music in the meta-universe was Ristband company. This company 

aims to revolutionise the live music industry with a new multiplayer music platform where any band or artist can 

host their own mixed reality show. To demonstrate the capabilities of the platform, participants were invited to the 

performance of the Miro Shot Collective at The Hideout Theatre. During the show, the audience wore VR headsets. 

The AR filter displayed a series of engaging visuals synchronised with the band's live performance altering their view 

of the real world in real-time. Another show used Hottie Mounted Display headsets which allowed the participants 

to use hand tracking to make energy blasts. Ristband focuses on enhancing all that is great about live music and the 

listening experience rather than trying to completely replace it. The company also believes that the metaverse is an 

opportunity to support artists, venues, creative people, and the people who use it and should be designed for 

diversity and inclusion. In an official press release, Ristband co-founder Anne McKinnon said, “As Ristband 

                                                 
27 TUSTAN AR application. Source: https://tustan.ua/fun/tustan-ar/ 

28 V-Aria – Opera in VR and 360° from Munich. Source: https://www.youtube.com/watch?v=b1DOoAwkeN4   

29 The Use of AR and VR to Change the Future of Music. Source: https://neuro.wharton.upenn.edu/community/winss_scholar_article4/  
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collaborates with artists and music industry stakeholders, we realise there is no platform for the hundreds of 

thousands of independent artists to perform in a compelling way in virtual worlds. They are without the tools they 

need to build the following track metrics and monetise their work directly from within the experience. At this early 

stage and first look at Ristband, we’re using our platform to give visibility to up-and-coming audio-visual NFT artists 

alongside some of the biggest names leading the creative metaverse movement.” Singer Roman Rappak, who is 

also the CEO of Ristband, said “A new generation of gamers and fans who experience content in a new way, living 

virtually, are investing in their own type of concert and experience. Within that, we are creating an ecosystem that 

will redefine hybrid events and live music experiences,” said Rappak.30 

Another participant of the event was Mictic company. This company presented a pair of portable devices capable 

of creating audio augmented reality through interaction with movement. It works by connecting the bracelets to a 

mobile device via a special app allowing you to play guitar, cello, drums, and other instruments with simple hand 

movements. It can be compared to playing an air instrument that actually produces sounds. 

The given examples are far from a complete list of the opportunities for using VR, AR, and other technologies to 

promote and create a new experience of interaction with music. However, they provide insight into the prospects 

for the development of certain ideas, in particular, auralisation. Such conclusions are also presented in another 

material which was prepared based on the results of the implementation of the AURA project.31 

2.3 Auralisation and Acoustic Heritage Sites 

Auralisation is a technique used to create virtual soundscapes based on 3D models that reproduce the sound 

environment of real space. Auralisation technology is closely related to both VR and AR technologies but goes hand 

in hand with 3D modelling and focuses on sound reproduction. The idea of this technology is to model and 

reproduce sound depending on the environment and the location of the listener in it. 

Most of the research and development of this technology was related to concert halls. For example, there is a given 

model of a concert hall in which the listener and the sound source (performer) are placed on the stage. Specialists 

study how sound waves spread around the hall, bouncing off the walls or other objects, how the air affects them 

and how these waves reach the listener's ear. Then the simulated sound is presented to the listener through 

headphones or a system of two or three loudspeakers. This allows for an experience where the user can move 

through the space and feel how the architecture affects the sound. 

Auralisation breaks down the experience of listening to sound in a certain environment into its component acoustic 

elements, from the sound source to the listener's ear, and how this same effect can then be reproduced through 

the audio system and allows different echoes and resonances to be felt through the audio system depending on 

where in the room (environment) the listener is located.32 

An important advantage of this technology is the opportunity of its wide usage both in the design of new and 

reconstruction of historical buildings and in combination with virtual models that reproduce sounds in ancient 

buildings or their ruins, in particular amphitheatres. Therefore, auralisation has great potential for research and 

promotion of cultural heritage.  

                                                 
30 AR Technology Meets Music At SXSW 2022. Source: https://vrscout.com/news/ar-technology-meets-music-at-sxsw-2022/  

31 Borisov Andrey, Eiselein Anne 2,  Letellier Julien,  Sieck Jürgen, Thielen Elisabeth. Aural Augmented and Virtual Reality Applications: Best Practices 

and Challenges. // PROCEEDINGS of the 2nd Symposium: The Acoustics of Ancient Theatres 6-8 July 2022 Verona, Italy 

32 Acoustic Heritage and Audio Creativity: the Creative Application of Sound in the Representation, Understanding and Experience of Past 

Environments. Source: https://intarch.ac.uk/journal/issue44/12/toc.html 



 

17 | D4.3 – CASE STUDY 3 DOCUMENTATION 

Here are some examples: 

 

Case of Notre-Dame de Paris, France33 

In 2020, one year after the massive fire at Notre Dame Cathedral, a team of researchers and sound engineers created 

a virtual reconstruction of the “La Vierge” concert that took place at the cathedral in 2013 using auralisation 

technology. 

83 musicians, 6 singers, and 160 choristers proportionally placed throughout the cathedral were involved in this. The 

creators created a unique 3D audio as close as possible to reality which allowed listening to the concert from several 

points of the cathedral. The creation of such a model was preceded by a lot of research because the large area and 

complex construction in combination with stone walls and a marble floor made the acoustics quite peculiar. In 

addition, after the fire in 2019, the acoustics changed significantly. 

To demonstrate the concert, the developers created a separate website, adding user surveys. Short versions of the 

concert and a full recording for 1.5 hours were available, as well as the possibility of downloading the concert from 

the website in case of interruptions with the Internet connection and access through the National Conservatory's 

Media Library. Access to the website was open to users from all over the world, the largest part – 61% was made up 

of visitors from France. 

Filling out questionnaires by visitors to the website made it possible to obtain important information about the target 

audience and its impressions of the virtual concert and auralisation technology: 

● the largest part of visitors (29%) consisted of listeners aged 25-34; 

● the vast majority have never been to live concerts in Notre Dame Cathedral even though they have 

visited it at least once before; 

● the vast majority noted that a change in sound was felt when there was a change of location in the 

virtual hall and the reconstruction itself was quite realistic; 

● the majority indicated their interest in this format of virtual concerts. 

It is important that a few years before that, a virtual reconstruction of the same concert was developed using VR 

technology. At that time, the video was only 2 minutes long and it was an excerpt from the concert, and the 

developers refused to create a full version for 1.5 hours because they found that the audience was not technically 

equipped and morally ready to watch such a long virtual concert. It would require the development of various 

complex visual effects and interactive options which was becoming very expensive. 

 

Abbey Vadstena church, Sweden 

With the use of auralised technology, virtual recordings of liturgies of the Swedish church of the 15th century, which 

belongs to the country's national cultural heritage, were created34. These liturgies are unique and authentic, their 

performance is documented even in ancient records of the abbey. For recording, 8 male and 12 female voices were 

selected among the monks and nuns of the abbey. At the same time, 4 male and 3 female singers participated in the 

recording. The recording took place in an anechoic room of a local university with the help of special microphones 

                                                 
33 La Vierge 2020: Reconstructing a Virtual Concert Performance Through Historic Auralisation of Notre-Dame Cathedral. Source: 

https://hal.archives-ouvertes.fr/hal-03371681/document 

34 Historically Based Room Acoustic Analysis and Auralization of a Church. Source:  https://www.mdpi.com/2076-

3417/11/4/1586/pdf?version=1613790466 
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suspended from the ceiling. Also, additional background sounds were added to the voice recordings such as prayers 

uttered by female and male voices, the rustling of authentic clothing on the body, sounds from the rosary, the sounds 

of walking in leather shoes on a stone floor, and coughing. This made it possible to recreate the authentic sound and 

atmosphere of the ancient temple. 

 

In addition to using auralisation technology to integrate modern technologies into already existing (especially 

historical) spaces, it can be effectively used to reconstruct spaces and improve their acoustics. For example, works 

on the reconstruction of a hall or a heritage site are preceded by the creation of a virtual auralised model on the 

basis of which construction and architectural works are carried out in the future. 

 

Case of St. Margaret's Church, York, United Kingdom35 

St. Margaret's Church was built in the 12th century and only its southern porch remains authentic by now. Over the 

course of the 17th century, it underwent numerous renovations, and in 2000 it became the National Centre for 

Ancient Music and is now regularly used as a venue for concerts and performances. As part of the renovation, 

acoustic components were added – reversible acoustic panels are located around the main walls of the building and 

curtains hang in the ceiling space above the lighting frame. Thus, the acoustic characteristics of the room can be 

easily changed depending on its desired use, be it for a large choir or a solo concert. 

During the research, a 3D auralised model was developed that described the main actual acoustic parameters of the 

church space, the so-called acoustic floor maps. On the basis of this model, further reconstruction took place with 

the addition of acoustic panels and curtains to improve the sound effects. 

 

Today, the use of auralised technology and 3D acoustic models is a typical practice in the construction of new 

theatres and concert halls. At the same time, such models are created even during the design of buildings to ensure 

excellent acoustics, as well as for virtual performances with the opportunity to hear the sound from different angles 

of the concert hall. For example, the DR Concert Hall in Copenhagen (Denmark). 

Auralisation technology has a wide range of uses in the music and cultural industries in general. There are quite a 

lot of successful cases, there is demand from artists and cultural institutions, consumers, as well as a good number 

of specialists who spread and develop this technology. The AURA project is one of the examples of finding ways to 

improve this technology and identify opportunities for its usage. 

The project explores the experience of auralisation using 3D models of music venues. These 3D models reflect the 

sound of a real music venue in a virtual environment and allow you to feel how the architecture affects the sound. 

For this purpose, an application has been created that can be run on a Windows computer. It can be used in virtual 

reality with the help of an Oculus Rift and Oculus Quest headset. The auralised 3D model contains the audio of the 

musical piece recorded in the anechoic chamber and the 3D model of the concert hall. Each instrument from the 

piece of music is placed on the stage by a 3D model with an avatar of the musician. These avatars are scans of real 

musicians. Avatars and corresponding audio on the device can be turned on or off. 

The three theatres which have been modelled and simulated in virtual reality are the Teatro del Maggio Musicale 

Fiorentino located in Florence, the Konzerthaus Berlin, and Lviv National Academic Opera and Ballet Theatre named 

after Solomiya Krushelnytska in Lviv. The theatres differ in terms of architectural style and period of construction 

                                                 
35 Acoustic Heritage and Audio Creativity: the Creative Application of Sound in the Representation, Understanding and Experience of Past 

Environments. Source:https://intarch.ac.uk/journal/issue44/12/toc.html 
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as well as acoustic features. As a matter of fact, they are characterised by different volume, number of seats, and 

reverberation time, which affect the acoustic performance of the theatre. 

Thanks to the definition of 3D visual and acoustic models, the three theatres have been implemented in a specific 

software (Unity). In each of the theatres, the user can move inside the room and make the instruments play. For 

easier control of the user experience and to avoid complicated moves such as using the stairs, some significant 

listening points have been set in order to allow a quick repositioning of the participant within the theatre. The most 

common listening positions (such as in the first row, in the last row, on the balcony) as well as positions only 

accessible to the performers (such as on the stage) have been defined. 

For the audio simulation, two violins, a cello, a double bass, a flute, an oboe, a clarinet, a trumpet, a harp, a drum, 

a viola, a piccolo flute, a bassoon, and a horn have been positioned on the stage. The set of instruments can be 

switched on and off independently by the user of the application. The orchestra plays the 4th part "Golliwogg's 

Cakewalk" from "Children's Corner", a composition by Claude Debussy, During the exhibition, the avatars of the 

musicians are displayed together with the corresponding audio reproduction. This simulation is carried out with the 

Oculus, a virtual reality headset that allows the player to play the audio and the 360°-view of the space, without the 

set-up of cameras. 

Thanks to the definition of audio-visual 3D models a new way of experiencing theatres is presented. The aim of the 

activities of the project is to profile the different typologies of participants, both theatre-goers and people who 

usually do not go to theatres, regarding their habits and preferences with classical music performances. This 

experience allows them to approach the auralisation experience and receive feedback about the tool. Virtual reality 

is not intended to replace live performances but to promote the use of theatres.36 

3. MARKETING SCENARIOS 

3.1 User experience map 

Prospects for the use of any technology directly depend on how much it will be in demand by users. This is about 

marketing determining the value of a product to target audiences. The main difficulty in researching the interests 

of target audiences in high-tech projects is that existing prototypes, as a rule, do not provide an opportunity to fully 

experience the user experience at the early stages of development. Therefore, such studies are more focused on 

determining the potential of use and taking into account feedback from users from different target audiences. Such 

data are important for improving technology in the future although not all of these assumptions can be 

implemented. 

Therefore, to explain the idea of 3D models and auralisation of concert halls, the prototypes created in the AURA 

project are used only as a stimulation and the first stage of its development, and the scope of users of this 

technology can be extremely wide. This scope will over time expand because of potential additional users who may 

appear as soon as any aspect of the technology has been refined. That is why, in discussions with potential users, a 

significant part of the conversation was devoted to determining exactly how the idea of the existing prototype could 

be improved. 

                                                 
36 Bellomini Raffaella, Bartalucci Chiara, Busa Lucia, Pulella Paola. AURA – Auralisation of acoustic heritage sites using Augmented and Virtual 

Reality. Project overview and methodological approach. // PROCEEDINGS of the 2nd Symposium: The Acoustics of Ancient Theatres 6-8 July 

2022 Verona, Italy 
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The research prioritised the following groups of potential users and their interests: 

● experts (theatre directors, musicians, singers, conductors, actors, general expert public, etc.) 

● technicians (architectural designers, engineering and architecture students) 

● promoters of cultural events (performing organiser, venue holders, public authorities and their cultural 

policy representatives, marketing agencies) 

For all these groups of users, the universal value in auralisation of 3D models of concert halls is the sound of a real 

music venue in a virtual environment, in particular the opportunity to learn how architecture affects the sound of 

classical music. Another no less important aspect is the experience of maximum immersion (a sense of presence) 

due to the enhancement of sensations from the combination of visual and audio components which allows you to 

hear music from a different perspective. 

However, this is not the only thing that users noted. Next, the user experience mapping method was used to explain 

the differences in the value of the product for different target audiences. This method allows not only to determine 

the value of the product in relation to the interests of each specific target audience but also to understand which 

components of the product are key for each of these audiences. Each of the target audiences will have their own 

real or potential interest so mapping helps identify options for how different audiences can use the technology and 

what the use value will be for them. 

During the research, it was possible to identify 21 potential user experiences. Each can be a self-contained product/ 

service or several of them can be combined into more complex products and/or services. 

Each of the experiences is based on a key technology component that is essential in determining a value for each 

specific target audience. As a result, we have a complete map with the following interdependent components: 

● A key component is a component of technology that is decisive for the fullness of the user 

experience. This means that in the course of development this component needs better 

performance and more attention to detail. However, this does not mean that other components 

are not important but only reflect the user's priorities. 

● Value for the target audience is a description of how the user determines his interest. 

● The target audience is groups of users whose request will most affect the product's characteristics 

and/or those who have the greatest interest in initiating the creation of such a model. 

● User experience – effects and method of use as well as the main characteristics of the product. 

 

User experience map 

 

key component 
value to the target 

audience 
target audience User experience 

sound 

Using an auralised 3D 

model to enhance the 

immersive experience 

of listening to classical 

music without the 

need to physically visit 

Connoisseurs of classical 

music 

A set for a visit to a concert hall in VR 

which can be ordered and used at 

home. This allows you to save money 

and time for commuting to the 

concert hall, as well as avoid crowds 

of people in one place. 
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concert halls. Managers and marketers 

of opera houses, 

philharmonics and 

concert halls, operators 

of the concert industry; 

concert goers. 

Ticket sales when all concert tickets 

are tickets to the most expensive, 

best-sounding and best-feeling zone. 

Adjusting the sound 

quality. 

Musicians, managers of 

opera houses, 

philharmonics and 

concert halls, operators 

of the concert industry, 

architects, designers, 

and engineers. 

Adjusting the interior of the hall to 

improve sound quality. 

balancing the 

quality of 

different 

components for 

promotional 

purposes 

Event and concert 

promotion tool. 

Managers and marketers 

of opera houses, 

philharmonic halls and 

concert halls, operators 

of the concert industry, 

visitors and potential 

visitors of concert halls. 

Service for choosing a place in the 

hall when buying a ticket and/or the 

opportunity to visit and get a feel of 

the concert hall before buying a 

ticket. 

Promotion for events and concerts. 

A type of souvenir product that 

allows you to give music as a 

“physical” present or take it as a 

keepsake. The sound of a concert 

hall can be given as a present or 

bought as a souvenir. 

An additional or alternative service 

that expands the list of already 

existing ones. 

3D architecture 

model and 

soundscape 

Modelling of 

architecture and 

interior design 

solutions. 

Architects, designers, 

engineers, scenery 

designers. 

Design of scenery and reconstruction 

of halls. 

cultural heritage 

Promotion and 

preservation of 

cultural heritage and 

historical 

reconstruction. 

Tourists 

VR/AR component of the tour. 

Auralised 3D models with high 

detailing of the interior and sound, 

as well as accompanying 

information. 
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Researchers, cultural 

heritage managers, 

organisations and 

institutions responsible 

for the preservation of 

cultural heritage. 

 

Creation of the most accurate 

auralised 3D model for the purpose 

of archiving the sound of the concert 

hall. 

 Tourists, researchers, 

managers of cultural 

heritage, organisations 

and institutions 

responsible for the 

preservation of cultural 

heritage. 

Reproduction of monuments – 

creation of a digital 3D model based 

on descriptions and drawings and 

their auralisation. 

learning 

opportunities 

(demonstration, 

explanation, 

simulation, etc.) 

A training product for 

musicians. 

 

School pupils, students 

of music, teachers and 

lecturers. 

Materials for classes (demonstration, 

explanation, simulation, etc.). 

VR and AR 

 

Attractive content and 

platforms for social 

interaction. 

Organisations of 

leisure and/ or 

spending free time. 

 

Developers and 

operators of VR, AR and 

XR services. 

A streaming platform or sections on 

a streaming platform with various 

auralised 3D models. 

Users of VR, AR and XR 

services. 

A variety of content, including for 

metauniverses. 

Opportunity to go on a virtual 

meeting with friends and/or on a 

date. 

The possibility of social interaction 

and inclusion for non-mobile and 

low-mobility groups. 

Game developers, 

gamers. 
New locations and quests.  

Site operators and 

content administrators. 

Immersion in an auralised 3D model 

in unusual places, for example, in 

caves, in a library, in an open-air 

museum, etc. 
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Leisure content, such as on a cruise 

ship, in a nursing home, or in a 

medical facility. In particular, for the 

purposes of art therapy. 

Digital artists Creation of unique virtual events. 

Travellers 

Spending time in a flight or while 

traveling by train, ship, or waiting for 

connecting flights. 

 

3.2 Marketing scenarios and monetisation ways 

Marketing scenarios describe the distinct characteristics of the user experience for different groups of users. This 

allows for a better understanding of the variations of the product/ service in each specific case and to develop 

detailed marketing strategies and business models for monetising each of them in the future. The proposed list of 

scenarios is not exhaustive. Rather, these are examples of what and for whom auralised 3D models of concert halls 

can be created. This is an attempt to describe their value and key characteristics that determine the interest of the 

audience. 

For this purpose, the description of each scenario includes the following components: 

● description of the target audience and its needs (who?); 

● description of user experience and ideas regarding implementation formats (what and why?); 

● recommendations on business models based on Annex I. 

It is undeniable that at this stage of technology development, it is difficult to talk about commercial success but 

there are several typical business models that can be adapted to each specific use case in the future. The following 

selection is offered in the Catalogue of Business Models (Annex I). This selection is designed as a basic tool for 

implementing marketing scenarios and focusing on the created values for the target audience. When choosing the 

proposed business models for a certain scenario, the aspect of monetisation should be taken into account, first of 

all. 

3.2.1 Concert in a Box 

Who? 

A classical music connoisseur who enjoys a quality performance, seeks greater immersion, and/or has an interest 

in comparing the performance of works in different concert halls but does not have the opportunity to visit different 

concert halls and events, be it because of limited mobility or funds. Such a group of users will need a product that 

allows them to fully enjoy the sound as in the actual concert hall. 

Managers and marketers of opera houses, philharmonics and concert halls, operators of the concert industry; 

concert goers. Such user groups will require an increase in the range of products to expand the spectrum of the 

audience of visitors. As often external orchestras book existing or traditional music venues, e.g. when on tour, and 

as the rent these external groups are charged, is a major revenue factor for many theatres, an auralised model 
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would help this aspect of marketing as external groups could experience the acoustics beforehand, if they are not 

familiar with the venue. 

What and why? 

Most valuable to both of these target audiences will be the opportunity of using an auralised 3D model to enhance 

the immersive experience of listening to classical music without having to physically visit concert halls. Therefore, 

the quality of sound reproduction of a specific classical piece in a specific concert hall with the help of VR technology 

will be decisive in the implementation. The sound quality and selection of compositions should meet the highest 

requirements of a person with perfect hearing and a well-developed taste in classical music. 

Such a product can be a specific auralised 3D model or a set of them. This Concert in a Box product consists of a VR 

headset, software, as well as simple and clear user instructions. This set could be purchased or rented. The user 

could pick it up in person at the nearest drop-off point (for example, a post office, library, concert hall, cultural 

centre, etc.) or get it delivered to their home. With each subsequent software update, new locations and 

compositions can be added. 

Another point of interest may be the possibility of walking in a virtual 3D model since when the concert is going on, 

moving around the hall is not encouraged. It is forbidden to be in the orchestra pit. It is impossible to go on stage. 

If visitors have the desire to walk around the hall, they can come for a tour or a rehearsal if such an option will be 

available at all. But neither the tour nor the rehearsal gives the opportunity to immediately experience the full range 

of impressions from the concert and from moving around the hall. An auralised 3D model can provide such an 

opportunity. Moving in 3D models without losing the sound quality of the concert allows for greater immersion. In 

one moment, you can find yourself on the ground floor, on the third balcony, next to the conductor, or even on the 

stage at the moment of ovation. 

This way of attending concerts and events in VR allows you to create unique experiences for music lovers, save 

money and time on getting to the concert hall, and avoid crowds. The latter is especially relevant in the context of 

the pandemic (COVID-19) and other emergency situations. 

Business model recommendations 

The Concert in a Box product could be monetised using the Canvas business model (Annex I). For this, it is 

recommended to use the following monetisation channels: advertising the product, purchase of additional features 

(for example, moving around the concert hall), subscription (for example, watching several concerts with a suitable 

set of auralised 3D models in different theatres during a certain period of time), etc. Moreover, for the first group 

of users, classical music connoisseurs, an e-commerce business process can be used which will affect all levels and 

aspects of the product. 

And for the second group of users, managers and marketers, it is better to choose business models that allow 

improvement and promote the auralised 3D model. For example, these can be business models called Barter, 

Common ownership and Crowdsourcing. 

3.2.2 New opportunities for cultural heritage 

Who? 

Tourists, researchers, managers of cultural heritage, and others who promote and preserve the cultural heritage. 

Those who are interested in or do research, and care about the preservation and promotion of cultural heritage. 

Those who are interested in the emergence of new formats of knowledge and interaction with sights. 
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What and why? 

In this scenario, the main value is the opportunity to promote and preserve cultural heritage. The key component 

is a detailed 3D model, and auralisation in this case is an additional component that will significantly enhance the 

experience of using the product.  

It is about the opportunity not only to immerse yourself in the atmosphere of the concert hall but also to get closer 

to all the architectural elements of the interior. Especially if we are talking about concert halls that are monuments 

of cultural heritage. For example, the Lviv Opera House has wonderful paintings on the ceiling which are almost 

impossible to see during a performance. The light is dimmed and it is impossible to get close to them. In this case, 

the auralised model can expand the boundaries of the performance experience. Viewers will be able to see in detail 

not only what is happening on the stage but also the architectural elements that surround them. Because of this, 

for a greater effect in the development of the 3D model, the peculiarities of each specific hall should be taken into 

account. If we are talking about architectural monuments, then it is worth making a more detailed scan of interior 

elements (paintings, stucco, etc.). An auralised 3D model with high detailing of the interior and sound as well as 

accompanying information can also be a component of a tour for tourists or an independent VR/ AR product. And 

it will cater to “digital tourism”. 

There is another way of usage. It is about creating the most accurate auralised 3D model for the purpose of archiving 

the sound of the concert hall. This can be a very useful service for managers of concert halls that have historical or 

cultural value; those who look after monuments; and researchers of the history of architecture and others. This 

feeds into the UNESCO’s promotion of intangible cultural heritage such as acoustics.  

An extraordinary way to use the opportunities of technology is also the reproduction of monuments that have not 

survived to this day through the creation of a 3D model based on descriptions and drawings and their auralisation 

for the purpose of reconstructing the acoustic landscape. A perfect example has been mentioned above: the 

Vierge2020 project which now provides the valuable rendering of the Notre Dame’s acoustics after its destruction 

by fire and thus safeguard its intangible heritage of the acoustic quality. 

All of these uses have great potential not only as a way of documenting the acoustic landscape of cultural heritage 

sites but also as a powerful promotional tool. 

Business model recommendations 

All business models of the catalogue can be used for this scenario. However, the following ones will work better 

here: Canvas, Barter, Common ownership, and Crowdsourcing. 

3.3.3 Tickets and promotion of classical music 

Who? 

Managers and marketers of opera houses, philharmonic halls, and concert halls, operators of the concert industry, 

visitors and potential visitors of concert halls. Such user groups will need a product/service that can stimulate the 

interest of those visitors who are looking for new experiences as well as attract new audiences. These products/ 

services can be a tool for building the image of innovators and increasing the level of recognition of institutions. 

What and why? 

This scenario is based on the idea of creating a demo version of a performance of a piece of classical music in a 

specific concert hall where the price of the ticket depends on the place of listening to the concert (ground floor, 

balcony, etc.). In this case, the functionality of the service should allow you to quickly feel the difference in sound 

in different places in the hall. Such a service could be useful for making the case for the difference in ticket prices 
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in different zones which would be much easier to demonstrate than to explain in words or with abstract colour 

schemes (as is currently the case). This service can be implemented, for example, through access to the application 

for those who have a VR headset and through the possibility to order the service at the ticket box for those who do 

not have a VR headset. For the visitor, this is a good opportunity to get a feel of a certain concert hall before buying 

a ticket. Concert aficionados often have their preferences with regards to viewing e.g. the hands of the pianist, 

perhaps at the cost of an optimal listening seat. With a VR experience they can switch seats and make an informed 

decision on the choice between their optimal “visual” and the “listening” experience. People with hearing aids or 

one-sided impediments in hearing could choose an optimal seat for their handicap.  

A related idea is to create a full-fledged auralised 3D model that reproduces a specific event/ performance aimed 

at such a number of visitors that cannot be accommodated in one hall at the same time. This is an option of using 

an auralised 3D model that reproduces a specific event/ performance in order to promote the concert hall and 

allows for multiple occupancy of the same seat, which might increase the number of purchased higher-rated tickets. 

This is a full event/performance that is available to visit in VR. In this case, it is possible to sell tickets to a concert 

where all visitors feel they have the best seat for their listening preferences. Accordingly, every ticket sold will be a 

ticket to the most expensive, best-sounding and most comfortable zone. 

Both options can also be implemented as a kind of souvenir product which allows you to purchase/gift music 

“physically” or take with you a memory of the sound of a concert hall. For example, through the purchase of a 

postcard where, in addition to the image, there is information on how to access the auralised 3D model and an 

individual access code. 

Such a service can also be used as a promotional tool to attract the attention of potential visitors. For example, as 

a VR promo for events and concerts that will be available at metaverse events and/ or PC games. It is a single episode 

or cut of episodes of an auralised 3D model that can be distributed on different platforms. 

Business model recommendations 

All business models of the catalogue can be used for this scenario (Annex I). Annex II exemplifies how AI could 

provide an interface for ticket sales based on optimal auditory and visual parameters. 

3.3.4 Interior and sound quality 

Who? 

Musicians, managers of opera houses, philharmonics and concert halls, operators of the concert industry, 

architects, designers, and engineers. These user groups will mostly need an understanding of how auralisation 

technology can be used to improve the acoustic properties of concert halls. 

What and why? 

This scenario involves providing a service for creating auralised 3D models for concert halls where it is necessary to 

preserve and/ or improve the sound. In this case, in the process of creating a model, you can develop a project to 

adjust the hall to improve the sound quality. In other words, to “adjust” the sound of the hall or create perfect 

sound in an imperfect room. Today, 3D models of premises are actively used to adjust the lighting. This allows you 

to quickly create different lighting options and calculate optimal technical characteristics. 

Since changes to the hall can be major or temporary, there can be two options for use: 

In the first case, it is about the reconstruction of halls, modelling of architectural and interior design solutions. This 

service of creating an auralised 3D model will be very important for halls in which the value is not only the 

architecture but also the soundscape. For example, historical buildings. 
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In the second case, it is about the design of scenery and/ or display of equipment for maximum sound coverage and 

its effective setting. The usefulness of such a service lies in the ability to model and design an interior. In particular, 

various options for decorations that will not distort the sound. 

Business model recommendations 

All business models of the catalogue can be used for this scenario (Annex I).  

3.3.5 Education 

Who? 

School pupils, student musicians (beginners), teachers, and lecturers. These user groups will need the possibility to 

use auralised 3D models for gaming and distance learning, as well as a training simulator. 

What and why? 

The value of this scenario for the listed groups is the ability of the auralised 3D model to offer an audio-visual 

example. Such a concert model can be good for classes in school. Pupils will be able to visit concert halls around the 

world in art history class, in music class, or in the school library. They will be able to get acquainted with the iconic 

places of classical music performances and concerts, as well as learn about the history and peculiarities of the 

performance of classical works. In this case, the auralised 3D model can also become a platform for distance learning 

in pandemic conditions, for groups with low mobility or become an alternative for visiting concert halls in other 

countries. 

In this case, it is not only about the possibility to attend a concert in virtual reality but also about a virtual platform 

where the teacher can explain various aspects related to the performance/ sounding of classical music in different 

concert halls. Such a platform will help to explain how the instruments are located in the orchestra, and how the 

sound of the orchestra is balanced by the number of instruments (for example, how many violins are needed so 

that the violin part does not get muffled and does not interrupt the sound of other instruments), how each specific 

instrument or instrument groups sound, how the sound differs in the orchestra pit/ on the stage/ in the audience 

hall, how the technical solutions of the interior affect the sound of musical instruments. 

Such a platform can have components for learning in the form of a game when in addition to the opportunity to 

listen to the parts of individual instruments and the explanation of the teacher, there will also be the opportunity 

to play the part on a virtual musical instrument. Higher quality and more detailed models can be used to create 

simulators when you need to practice playing your part/conducting an orchestra in a specific concert hall. This 

method of use requires the development of additional VR tools based on auralisation technology. 

Business model recommendations 

All business models of the catalog can be used for this scenario (Annex I).  

3.3.6 Content and “place” of social interaction 

Who? 

Developers and operators of VR, AR, and XR services; users of VR, AR and XR services; game developers, gamers; 

site operators and content administrators; travellers 

Digital artists who experiment with new formats of presentation of classical music, seek to attract new audiences 

and use auralised 3D models as a component of artistic projects. 
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These user groups will need a product that can be further integrated into other products. For example, an auralised 

3D model can be downloaded. 

What and why? 

In this scenario, the main value will be access to attractive content and/ or the possibility of using such models as a 

platform for social interaction. 

The first case is about the creation of a larger number of auralised 3D models of concert halls and a single platform 

(application) for accessing them to organise leisure and/or spend time. It is something like a streaming platform or 

a section on a more popular subscription-based streaming platform and a large selection of auralised 3D models. 

Both end consumers and those who organise leisure for others may be interested in having such a platform. For 

example, on a cruise ship, in a home for the elderly, in a medical facility, to spend time during a flight, traveling by 

train, or ship; waiting for a flight connection (usual places – unusual content). More interest can be caused by 

immersion in an auralised 3D model in unusual places, for example, in caves, in a library, in a classical museum, in 

an open-air museum, etc. (unusual content in unusual places). 

The second case will require expanding the product's capabilities with the help of components that allow organising 

social interaction in the virtual space. For example, the opportunity to immerse together in an auralised 3D model 

and exchange impressions, go to a virtual meeting with friends and/or on a date. Such functionality will be not only 

extremely popular but also socially important in terms of the inclusion of non-mobile and low-mobility groups. 

Both components can also be interesting for the computer game industry when the auralised 3D model becomes 

an element of a new location or quest for gamers. 

Business model recommendations 

All business models of the catalogue can be used for this scenario (Annex I). 

4. CONCLUSIONS 

Modern technologies are constantly integrated into all spheres of life, satisfying a wide range of needs of both 

individuals and entire industries. Classical music is no exception and thanks to technological solutions in the last 

decade were able to go beyond concert halls, find many supporters among the younger generation and become 

part of progressive products created by creative industries. 

The analysis of publications on the age structure of classical music consumers and sources of music streaming shows 

an increase in the number of listeners of the younger generation from 2020. Also, the number of streams of classical 

music on streaming platforms has increased significantly in recent years. According to industry experts, there is 

currently a new boom in listening to classical music. We can consider restrictions on live concerts due to the 

pandemic, digitisation in listening to music and the emergence of new formats, and the use of classical music in 

video games as key factors that led to such changes. 

Despite the increase in the number of streams of music from various sources, they cannot fully convey the sound 

similar to a live performance which is especially appreciated by fans of classical music. Therefore, the introduction 

of modern VR and AR technologies in music reproduction has numerous advantages for the end consumer, and 

requests to attend virtual concerts are constantly growing from the target audience. The described cases of virtual 

concerts with the subsequent evaluation of the opinions of visitors confirm this. Also, the use of VR and AR has 

become an effective lever for artists and performers in expanding their audiences, the ability to work in conditions 
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of restrictions on live performances and generate income. For other industries, the combination of classical music 

and VR/ AR can enhance the visual and emotional effects of their products. 

Within the scope of the research, we explained the idea and advantages of auralisation as a technology for creating 

virtual sound landscapes based on 3D models that reproduce the sound environment of real space. Cases of its use 

for sound reproduction of cultural heritage objects, reconstruction of historical buildings and construction of new 

concert halls are described. In addition to modern technical solutions for room acoustics and sound simulation, 

auralisation technology can become a powerful promotion tool in the concert and music industry. 

We created a list of the main user groups and marketing scenarios that show different ways to convey the value of 

auralised products to these users. Based on these scenarios, typical business models that can be used to create and 

commercialise such products are proposed. 
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5. RESUME 

With the development of technology, formats and ways of listening to music are constantly expanding: from live 

performances to records, cassettes, CDs, sound files, and streaming services to VR and AR. Performers are also 

looking for new ways to create a more immersive musical experience. Professional development of digital artists is 

taking place. Technology develops, and equipment becomes more affordable, so new products appear. The 

spectrum is diversified. 

The audience of listeners/ users of classical music is steadily growing. The intersection of the interests of different 

audiences creates more opportunities for the use of classical musical works. Connoisseurs of classical music, those 

interested in cultural heritage, developers of computer games and VR, cultural managers, and artists find value for 

themselves which ensures greater interest. 

Modern VR and AR technologies have proven themselves to an effective tools for the promotion of classical music. 

The use of technology has had positive results in attracting new audiences and has actually helped to lower the 

average age of the typical classical music listener in recent years. 

Auralisation as a key technology for modelling and reproducing sound for the listener. It is closely related to both 

VR and AR, and goes hand in hand with 3D modelling. 

Auralisation makes it possible to reproduce the sound of concert halls that have historical and architectural value, 

therefore it has a great potential for use specifically for research and promotion of cultural heritage. 

VR auralised models can be effectively used to reconstruct spaces and improve their acoustics, including objects of 

musical and architectural heritage. 

Auralisation of 3D models of concert halls has a high chance of becoming popular as an important component of 

creating attractive content and platforms for social interaction, organisation of leisure and/or spending free time. 

Auralised 3D models are an effective method of promoting events and concerts. 

Auralisation as a key simulation technology can be developed for the training needs of musicians. 

There is a high potential for the commercialisation of auralised models. The key to success is an effective business 

model that will provide a competitive advantage and determine ways to convey the value of such a product to the 

target audience. 
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ANNEX I  

Catalogue of business models 

Business models are fundamentally related to technological innovation but the structure of a business model is 

essentially separate from technology. A business model can be defined as a system that solves the problem of 

identifying who the listeners are, interacting with their needs, their satisfaction and monetisation of value37. A 

number of researchers, including A. Osterwalder & Y. Pigneur38, and Demil & Lecocq39, have suggested that the 

business model concept lies within the traditional strategy of competitive advantage. However, the business model 

itself is a separate concept, because a business model is a model40. Therefore, technology itself will affect the 

capabilities of business models41. This means that technologies from other sectors, such as information technology, 

will influence the process of creating and adapting business models. 

A number of scientific studies on the classification of business models have already been conducted, in particular 

in the works of Bocken et al.42, Gassmann et al.43, and Remane et al44. In our opinion, in the latter two works, the 

classification of business models is most fully explained following the theoretical and template approach. With this 

in mind and based on the analysis of possible business models for a product using an auralised 3D model, it is 

advisable to choose basic models (Gassmann et al45), as well as the Canvas model (A. Osterwalder & Y. Pigneur)46. 

Later the authors adapted the selected business models for the product from AURA and also described and 

illustrated them with a documentation tool for current business processes called Thinging Machine47. 

Accordingly, the following business models were selected: 

1. Canvas 

2. Barter 

3. Common ownership 

4. Crowdsourcing 

 

                                                 
37 Baden-Fuller, C., & Haefliger, S. (2013). Business models and technological innovation. Long range planning, Elsevier, 46(6), 419-426 

38 Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a handbook for visionaries, game changers, and challengers (Vol. 1). John 

Wiley & Sons. 

39 Demil, B., & Lecocq, X. (2010). Business model evolution: in search of dynamic consistency. Long range planning, Elsevier, 43(2-3), 227-246. 

40 Baden-Fuller, C., & Morgan, M. S. (2010). Business models as models. Long range planning, Elsevier, 43(2-3), 156-171. 

41 R. Bärenfänger and B. Otto, "Proposing a Capability Perspective on Digital Business Models," 2015 IEEE 17th Conference on Business Informatics, 

2015, pp. 17-25, doi: 10.1109/CBI.2015.18. 

42 Bocken, N., Short, S., Rana, P., & Evans, S. 2014. A literature and practice review to develop sustainable business model archetype. Journal of 

Cleaner Production, 65: 42-56. 

43 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 

44 Remane, G., Hanelt, A., Tesch, J., & Kolbe, L. 2017. The Business Model Pattern Database  A Tool for Systematic Business Model Innovation. 

International Journal of Innovation Management, 21(1): Art. No. 1750004. 

45 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 

46 Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a handbook for visionaries, game changers, and challengers (Vol. 1). John 

Wiley & Sons. 

47 Al-Fedaghi, S., Makdessi, M. (2020). Modeling Business Process and Events. In: Silhavy, R. (eds) Intelligent Algorithms in Software Engineering. 

CSOC 2020. Advances in Intelligent Systems and Computing, vol 1224. Springer, Cham. https://doi.org/10.1007/978-3-030-51965-0_32 
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Business model 1 -  Canvas 

Despite the emergence of several alternatives to their original concept over the past few years, Osterwalder and 

Pigneur's (2010)48 original business model Canvas remains perhaps the most widely used business modelling 

artefact.49 50 Canvas business model consists of nine building blocks elaborated on the basis of an in-depth books 

review conducted by Alexander Osterwalder (2004).51 

The right side of the Canvas emphasises choosing, delivering, and capturing value using five building blocks: 

customer segments, value proposition, channels, customer relations, revenue streams. The left side is focused on 

value creation through internal and external processes and logistics using four blocks: key activities, key resources, 

key partnerships, and costs. The value proposition building block is the centrepiece of the Canvas52. 

Structurally, the Canvas business model is divided into nine building blocks53: 

1. Customer segments. 

2. Value proposition. 

3. Sales channels. 

4. Customer relations. 

5. Revenue streams. 

6. Key resources. 

7. Key activities. 

8. Key partnerships. 

9. Costs. 

 

For the purpose of AURA, we refined each structural block of the Canvas business model applicable to a product 

that uses an auralised 3D model. As a result, the modified table D.1 was created. 

Taking into account the aspect of monetisation, it is advisable to consider blocks 3 and 5 in more detail (see Table 

D.1). 

 

 

 

                                                 
48 OSTERWALDER, A., PIGNEUR, Y. (2010), Business Model Generation: A Handbook For 

Visionaries, Game Changers, And Challengers, New York, Wiley. 

49 BLANK, S. (2013), Why the Lean Start-Up Changes Everything, Harvard Business Review, 91(5), 63-72.  

50 MÜLLER, R.M., THORING, K. (2012), Design Thinking vs. Lean Startup: A Comparison of Two User-Driven Innovation Strategies, Leading Through 

Design, Proceedings of the DMI 2012 International Research Conference, August 8-9, Boston, MA. 

51 OSTERWALDER, A. (2004). The Business Model Ontology: A Proposition in a Design Science Approach, PhD Dissertation at Lausanne University. 

52 Lima, Marcos & Baudier, Patricia. (2017). Business Model Canvas Acceptance among French Entrepreneurship Students: Principles for Enhancing 

Innovation Artefacts in Business Education. Journal of Innovation Economics. 23. 159. 10.3917/jie.pr1.0008 

53 Lima, Marcos & Baudier, Patricia. (2017). Business Model Canvas Acceptance among French Entrepreneurship Students: Principles for Enhancing 

Innovation Artefacts in Business Education. Journal of Innovation Economics. 23. 159. 10.3917/jie.pr1.0008.  
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8 – Key partners 7 - Key activities 
2 - Value 

proposition 

4 - Customer 

relations 

1 - Consumer 

segment 

Ministries of social 

and cultural sphere 

Product development 

using an auralised 3D 

model increasing the 

creativity of 

musical and 

theatrical 

performances 

a product that 

uses an auralised 

3D model 

different types of 

classical music 

listeners 

Local governments Release to the market  

Artists and music 

experts 
Software support Advertising 

Enterprises of the 

tourist industry 

Research and project 

activities 
CRM systems 

Enterprises, 

institutions and 

organisations of the 

social and cultural 

sphere 

6 - Key resources 
popularisation 

of cultural 

events 

3 - Sales 

channels 

Human capital 
Internet 

advertising 
 

 
Materials 

Financial resources 

simulation of 

the acoustics 

of concert 

halls 

Forums, fairs  

9 -  Costs 5 - Product revenue 

Salary expenses State appropriations 

Costs for providing services Monetisation channels 

Costs for marketing services Investments 

Software maintenance costs  

Costs to develop a product using an auralised 3D model  

Expenses on social security  

Expenses for items, equipment, inventory  

Expenses for scientific research works  

Expenses for bills and energy carriers  

Expenses for servicing debt obligations  

Capital costs  

External and internal lending costs  

Payments to shareholders  

Table D.1. Canvas business model for a product using an auralised 3D model 
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(3) Sales channels show how users of a product using an auralised 3D model receive information about (2) value 

propositions. In particular, an auralised 3D model can promote its capabilities as a product through Internet 

channels (website, social networks such as Facebook, Instagram, Telegram, etc.), forums, fairs, advertising, etc. 

As an example of a sales channel, let’s consider the use of the E-commerce business process54 where traditional 

goods or services are delivered through Internet channels with a reduction in overhead costs, which is relevant for 

an auralised 3D model. Functionality that can be implemented by e-commerce systems for a product using an 

auralised 3D model includes the following: 

● registration and sale of tickets for performances (orders are stored in a single database); 

● self-registration of users/ clients/ listeners; 

● working with loyalty programmes; 

● receiving feedback base. 

Let's illustrate the E-commerce business process for a product that uses an auralised 3D model using the example 

of buying a ticket to a performance (Fig. D.1). 

 

 

Fig. D.1. E-commerce business process on the example of buying a ticket to performances. Source 

(modified by the authors)55 

(5) Revenues of the product with an auralised 3D model can be from government appropriations, for example, for 

the development of cultural heritage. At the same time, an auralised 3D model of how a product can earn money 

on its own, and this is possible through ways of monetisation. Monetisation methods include56 57 58 59: 1) advertising 

in a product; 2) additional options: in-product purchases, subscriptions, payment for downloads, etc. 

                                                 
54 Qin, Z., & Qin, Z. (2009). Introduction to E-commerce (Vol. 2009). Heidelberg: Springer. 

55 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 

56 Crespo, M., Pinto-Martinho, A., Foà, C., Paisana, M., & Pais, P. C. (2020). Business models of journalistic startups in Portugal: an analysis of 

product innovation, dissemination and monetization in media enterprises., (2), 261-296. 

57 Portilla, I., & Medina, M. (2016). Monetization strategies and audience data for online video. The case of Atresmedia. Quaderns del CAC, 19(42), 

27-36. 

58 Li, YM., Fang, Y., Jin, BH. (2012). Analyzing Monetization Models for the Digital Content Services: Channel Ownership and Royalty Contracts. In: 

Shaw, M.J., Zhang, D., Yue, W.T. (eds) E-Life: Web-Enabled Convergence of Commerce, Work, and Social Life. WEB 2011. Lecture Notes in 

Business Information Processing, vol 108. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-29873-8_18 

59 Bhattacharya, S., Scott, E. & Arthur, M. The phoenix rises from the ashes: Advertising and content monetization in a digital world. J Digit Asset 

Manag 2, 269–278 (2006). https://doi.org/10.1057/palgrave.dam.3650046 
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In the case of using advertising in a product that uses an auralised 3D model, it is advisable to use one of the most 

common business processes Affiliation (Fig. D.2) which demonstrates the interaction between listeners, sellers and 

a partner network (Google Adwords, Facebook Ads)60. 

 

 

Fig. D.2. Affiliation business process. Source (modified by the authors)61 

 

Data about user behaviour and habits may be collected and provided to advertisers to show in-app ads in the 

following formats: 

● Banner Ads62 63(Fig. D.3, D.4) – advertising can be placed in the form of banner posters when viewing the 

performance; 

● Native Ads – such advertising can be objects to which the user points and follows the advertising link. For 

a product with an auralised 3D model, it can be the clothes of other spectators, furniture on the stage, 

musical instruments, etc.; 

● Interstitial ads – a web page with advertising displayed before or after the expected page; 

● Video ads – presentation of video advertising in a product with an auralised 3D model can be at all possible 

levels. 

                                                 
60 Michalis Vafopoulos (2012), "The Web Economy: Goods, Users, Models, and Policies", Foundations and Trends® in Web Science: Vol. 3: No. 1–

2, pp 1-136. http://dx.doi.org/10.1561/1800000015  

61 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 

62  https://theappsolutions.com/blog/marketing/free-app-money/ ; https://kudapostupat.ua/reklama-banerowa/ 

63 https://www.theverge.com/2021/6/16/22535511/facebook-ads-oculus-quest-vr-apps 

https://theappsolutions.com/blog/marketing/free-app-money/
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Fig. D.3. Banner advertising. Source64 

 

 

Fig. D.4. Banner advertising for VR application. Source65 

In the case of purchasing goods, it is advisable to consider the Additional Features business process66 which usually 

includes a very well-thought-out pricing strategy.67 With additional features, the basic product is offered at a 

competitive price, and the total cost increases significantly due to the many features. 

                                                 
64 https://theappsolutions.com/blog/marketing/free-app-money/   https://kudapostupat.ua/reklama-banerowa/ 

65 https://www.theverge.com/2021/6/16/22535511/facebook-ads-oculus-quest-vr-apps 

66 T. A. -D. Hoang and T. B. Nguyen, "State of the Art and Emerging Rule-driven Perspectives towards Service-based Business Process 

Interoperability," 2009 IEEE-RIVF International Conference on Computing and Communication Technologies, 2009, pp. 1-4, doi: 

10.1109/RIVF.2009.5174659. 

67 Harika, A., Sunil Kumar, M., Anantha Natarajan, V., Kallam, S. (2021). Business Process Reengineering: Issues and Challenges. In: Goyal, D., 

Chaturvedi, P., Nagar, A.K., Purohit, S. (eds) Proceedings of Second International Conference on Smart Energy and Communication. Algorithms 

for Intelligent Systems. Springer, Singapore. https://doi.org/10.1007/978-981-15-6707-0_35 

https://theappsolutions.com/blog/marketing/free-app-money/
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In a product that uses an auralised 3D model, users can pay a significant amount of money for additional functions 

(Fig. D.5): choosing a better place, choosing better sound, and others. This is the advantage of the Additional 

Features template: listeners can choose between buying a ticket according to their preferences and rejecting 

unnecessary features. Conversely, listeners may prefer to pay more for all the features of a performance than for a 

competitor's similar product. When forming the value proposition of a performance ticket, it is necessary to 

determine which additional functions can have the maximum marginal utility for the majority of listeners. 

With the Additional Features business process, you can get another way of monetisation – creating markets or 

marketplaces, connecting users with performers of certain works or owners of goods that can use auralised 3D 

models. And with an auralised 3D model, one can develop a marketplace so that other theatres of the world can 

join it. That means they can sell their services and pay interest for the use of auralised 3D models. 

 

 

Fig. D.5. Additional Features business process. Source (modified by the authors)68 

The Canvas business model for the scenarios “New opportunities for cultural heritage”, “Interior and sound quality” 

and “Content and place of social interaction” allows to determine the main actions when using an auralised 3D 

model, external as well as internal, at the initial stage of design. Therefore you can calculate all expenses for running 

this scenario. 

In the scenarios “Concert in a box”, “Tickets and classical music promotion”, and “Content and place of social 

interaction”, the e-commerce business process will affect all levels and aspects of the product using auralised 3D 

models. Also, in these scenarios, you can use the Affiliation business process which allows you to place ads in the 

application and thus receive additional income from the product that uses an auralised 3D model. Here you can 

also use the Additional Features business process which allows you to create a set of free basic functions and 

additional features. 

It is also worth considering the use of the Additional Features business process in the “Content and place of social 

interaction” scenario, as an opportunity to create markets or marketplaces that will connect listeners with 

performers of certain musical works using AURA technology. This will create another monetisation channel. 

                                                 
68 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 
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Business model 2 - Barter 

One of the most attractive systems on the Internet is the Pay with a Tweet system which uses social network 

platforms to promote products and services. Companies register the products they want to promote via Twitter on 

the Pay with the Tweet website. Twitter users receive a free product sample if they tweet a link to the company's 

social page. When using tweets, you can expect the potential support of about 550 million Twitter users. Thus, the 

Barter business model can be considered quite effective for the use and promotion of goods or services in various 

social networks. 

The application of this business model for a product using an auralised 3D model makes it possible to create a 

potential base of classical music listeners, and, accordingly, to form a feedback base. Moreover, it is possible to test 

future products with an auralised 3D model. Figure D.6 shows an example of the application of the Barter business 

process for the interaction of classical music listeners and the community with a product that uses an auralised 3D 

model. 

 

Fig. D.6. Barter business process: the logic of the Pay with a Tweet scheme. Source (modified by the authors)69 

 

Barter business model should be applied in the “New opportunities for cultural heritage” scenario to form 

(strengthen) partnership ties between various organisations in the cultural sector. 

When applying this business model in the “Interior and sound quality” scenario, the possibilities of designing a new 

theatre construction can be demonstrated (on relevant forums). 

When applying this business model in the “Content and place of social interaction” scenario, promoting a product 

using an auralised 3D model in social networks and relevant forums. 

 

Business model 3 - Common ownership 

With the Common Ownership business model, investors do not buy the entire asset as a whole, but only its share. 

This business model is usually implemented in the form of pooling when each investor receives a certain degree of 

access depending on the share of ownership. The owners of a product that uses an auralised 3D model, as a rule, 

manage assets (capital). Cost sharing under this business model can be particularly beneficial in the case of capital-

intensive assets. 

                                                 
69 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 
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Applying the Common Ownership business model for the product, using an auralised 3D model will allow to create 

an investment environment, and accordingly increase capital investment. Figure D.7 shows an example of the 

interaction of potential investors with the owner of the product, using an auralised 3D model within the framework 

of the Common Ownership business process. 

 

Fig. D.7. Common Ownership business process. Source (modified by the authors)70 

 

It is expedient to apply the Common Ownership business model in the scenarios “New opportunities for cultural 

heritage”, “Interior and sound quality”, “Education” and “Content and place of social interaction” to find investors, 

which will allow to improve a product that uses an auralised 3D model due to new ideas and developments in the 

future. 

Business model 4 - Crowdsourcing 

The purpose of this model is to expand the company's knowledge and sources of innovative capabilities and create 

conditions for the development of effective solutions. With the help of Crowdsourcing, new original ideas can be 

generated and solutions to specific problems can be discussed. The Crowdsourcing business model is also well-

suited for gathering information about listeners' desires for future products using an auralised 3D model. 

Figure D.8 shows an example of a crowdsourcing business process for a product using an auralised 3D model. 

 

Fig. D.8. Business process based on Crowdsourcing. Source (modified by the authors)71 

                                                 
70 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 

71 Gassmann, O., Frankenberger, K., & Csik, M. (2014). The business model navigator: 55 models that will revolutionise your business. Pearson UK. 
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This model should be applied in the scenarios “New opportunities for cultural heritage”, “Interior and sound 

quality”, “Learning”, as well as “Content and place of social interaction”, using for example the InnoCentive72 and 

Peer To Patent73 platforms. Moreover, a separate AURA Crowdsourcing platform can be created here to improve 

the product using the aurilised 3D model by accumulating new ideas with the stimulation aspect in mind. 

  

                                                 
72 Innocentive. InnoCentive. URL: https://www.innocentive.com/ (date of access: 08.10.2022). 

73 Home – Peer to Patent. Peer to Patent. URL: https://www.peertopatent.org/ (date of access: 08.10.2022). 
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ANNEX II 

Data Analysis of Music Preferences of Web Users based on Social 

and Demographic Factors 

Natalya Shakhovska, Solomiia Fedushko,74 

Lviv Polytechnic National University, Lviv, Ukraine 

Abstract 

This study deals with the present-day problem of analysing data of music preferences of web users based on social 

and demographic factors. The paper also analyses the basic parameters of the user profile, which include such 

parameters as music preferences and movie preferences, personality traits, hobbies and interests, views on life, 

spending habits, phobias and health habits, and opinions, and demographics. The missing data imputation is carried 

out by multivariate imputation by chained equations. For analysis, 257 attributes are taken into account. 

Classification and Regression Trees were used as an algorithm for tree construction to find related variables to 

target variables "Opera" and "Classical music." Based on the constructed tree, the related preferences to classical 

music are found. It allowed the dissemination and promotion of the new performances and shows in the additional 

target group and extended the audience. An actual task of developing methods of web profile establishment is used 

for music preferences analysis. Random forest and KNN are the best predictors for a chosen dataset in this study. 

The feature selection is organised based on random forest. This method allows to fond the most regularly 

preferences to classical music. 

 

© 2021 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

Peer-review under responsibility of the Conference Programme Chairs. 

Keywords: information  technology; data analysis; missing data; music preferences; social and demographic factors. 

1. Introduction  

Information technology is the basis for the modernisation of any sphere of public life. In particular, education, 

medicine, agriculture, economics, art, and music use the popular and effective means of upgrading quality results. 

Large global companies use data analysis methods to analyse market trends, forecasting a popular product or event. 

In particular, in the music industry during the global quarantine caused by the COVID-19 pandemic, there is a need 

to use modern information and communications technology, artificial intelligence systems, smart systems, and the 

internet of things, computer technology, web technology, augmented reality technology, machine learning 

methods) to avoid the decline of this industry. Technological progression is the key to the development of cultural 

progression. For the music industry's strategic development, big data analysis methods are used to analyse data on 

music products, determine the benefits for music consumers, and information about potential consumers of a 

certain genre of music (in particular, opera). Also, with the help of analytical tools, experts have the opportunity to 

predict the level of popularity of a particular music product or music performer, analysing current data in the music 

industry. Modernisations in science date make it possible to predict human emotions and recommend music to the 

mood through data analysis. With technological progress, the parameters (age, gender, financial status, 

                                                 
74 Shakhovska N. Fedushko S. Data Analysis of Music Preferences of Web Users based on Social and Demographic Factors. // International workshop 

on Small and Big Data Approaches in Healthcare (SBDaH). November 1-4, 2021, Leuven, Belgium. 
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temperament, emotional state, social characteristics, etc.) of the conservatory audience, i.e., potential consumers 

of classical music, have changed. So, this work aims to perform a data analysis of music preferences of web users 

based on social and demographic factors. 

2. Related work 

The method of analysis of musical data is presented in the study of Weihs C., Vatolkin I., Rudolph G., and Jannach 

D. [1]. Scientists have proposed a method of recognising tools and tempos based on specially designed software. 

Chin T., Rickard N., Coutinho E., and Scherer K. [2] explore musical preferences from six genres on the internet and 

explore the main reasons for increased motivation: a particular style of music to regulate emotions, outline social 

and musical identity. Chen D., Tan S., Huang Z., and Guo C. [3] investigate the behavioural model in real-time when 

watching an opera using augmented reality (AR) - AR-system. Kelly S. and colleagues [4] have developed methods 

for displaying opera on premium mobile phones in real-time - the AR-ia system. Petrović N. [5] proposed a method 

of modelling their applications with augmented / virtual reality. The results of the scientist's work showed that 

supplemented web programmes and virtual reality programmes effectively contribute to the demonstration of 

exhibitions in audio-visual art. Orman E., Russell C., and Price H. [6] developed and confirmed with practical results 

the effectiveness of using a virtual reality learning environment to teach orchestra conducting. 

3. Methodology 

To study the profile of users of music services used machine learning algorithms, includes such methods Linear 

regression [9, 10], Regression tree [11, 12], Random forest [13, 14], k-nearest neighbours algorithm [15, 16], SVM 

with radial kernel [17, 18] and SVM with linear kernel [19]). The main parameters of the user's web profile are 

analysed [7, 8] (music and movie preferences, views on life, spending habits, phobias, health habits, personality 

traits, hobbies and interests, and opinions, and demographics). 

 

The data file [20] consists of 1010 rows and 150 columns (139 integers and 11 categorical). 

● The data contain missing values. 

● All participants were of Slovakian nationality, aged between 15-30 years. 

The variables can be split into the following groups: 

● Music preferences (19 items) 

● Health habits (3 items) 

● Movie preferences (12 items) 

● Personality traits, views on life, and opinions (57 items) 

● Hobbies & interests (32 items) 

● Phobias (10 items) 

● Demographics (10 items) 

● Spending habits (7 items) 

 

Rstudio [21] was used for data analysis. First, data preprocessing was organised. The structure of missing data is 

given in Fig. 1. 
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Figure 1: The structure of missing data 

4. Results and  Discussion  

Multiple imputation by chained equations (MICE) [22] was used for missing data imputation. Totally more than 1000 

values were imputed. Attributes Punctuality, Lying, Alcohol were removed. Next, one-hot-encoding was used for 

categorical attributes. Totally 257 attributes are taken into account. 

Statistical analysis is given below: 

● Music preferences (women or men) (Fig. 2) 

● Clustering using k-means [23] (Fig. 3). A number of clusters are chosen using gap statistics [24]. 
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Figure 2: The chart of gap-statistics 

 

 

 

 

 

 

 

 

Figure 3: Cluster plot 

 

Figure 3 demonstrates the clusters intersection. Therefore, the next step is predictor choosing (Table 1).  

 

Model RMSE M

APE 

Linear regression 0.4413

324 

0.

0986859 

Regression tree 0.4750

182 

0.

09281347 

Random forest 0.3364

884 

0.

08304411 

k-NN 0.3364

884 

0.

08304411 

SVM with radial kernel 0.4117

143 

0.

07733009 

SVM with linear kernel 0.5020

585 

0.

08799748 

Table 1. The model predictive accuracy 

For this investigation, we choose the following forecasting metric (KPI): Root Mean Squared Error (RMSE) and Mean 

Absolute Percentage Error (MAPE).  

The regression tree looks like the following:  

  1) root 326 182.3436000 3.625767   

    2) Classical.music< 4.5 214  77.8130800 3.411215   

      4) Techno..Trance>=1.5 145  34.2482800 3.296552   

        8) Folk< 3.5 120  20.9250000 3.225000   
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         16) Spending.on.healthy.eating< 3.5 44   0.9772727 3.022727 * 

         17) Spending.on.healthy.eating>=3.5 76  17.1052600 3.342105   

           34) Getting.up>=3.5 39   4.3589740 3.128205 * 

           35) Getting.up< 3.5 37   9.0810810 3.567568   

             70) Small...big.dogs< 3.5 26   6.3461540 3.423077   

              140) Elections>=3.5 11   0.9090909 3.090909 * 

              141) Elections< 3.5 15   3.3333330 3.666667 * 

             71) Small...big.dogs>=3.5 11   0.9090909 3.909091 * 

        9) Folk>=3.5 25   9.7600000 3.640000   

         18) Passive.sport< 4.5 17   4.1176470 3.411765 * 

         19) Passive.sport>=4.5 8   2.8750000 4.125000 * 

      5) Techno..Trance< 1.5 69  37.6521700 3.652174   

       10) Loss.of.interest< 3.5 54  23.4259300 3.462963   

         20) God>=1.5 44  11.1590900 3.295455   

           40) Prioritising.workload>=1.5 37   7.6756760 3.189189 * 

           41) Prioritising.workload< 1.5 7   0.8571429 3.857143 * 

         21) God< 1.5 10   5.6000000 4.200000 * 

       11) Loss.of.interest>=3.5 15   5.3333330 4.333333 * 

    3) Classical.music>=4.5 112  75.8571400 4.035714   

      6) Musical< 4.5 74  39.6216200 3.756757   

       12) Height< 163.5 12   2.2500000 3.250000 * 

       13) Height>=163.5 62  33.6935500 3.854839   

         26) Passive.sport>=2.5 38  18.5526300 3.657895   

           52) Countryside..outdoors>=3.5 29  11.2413800 3.482759   

            104) Weight>=62.5 18   3.1111110 3.222222 * 

            105) Weight< 62.5 11   4.9090910 3.909091 * 

           53) Countryside..outdoors< 3.5 9   3.5555560 4.222222 * 

         27) Passive.sport< 2.5 24  11.3333300 4.166667   

           54) Height>=183.5 7   1.7142860 3.571429 * 

           55) Height< 183.5 17   6.1176470 4.411765 * 

      7) Musical>=4.5 38  19.2631600 4.578947   

       14) Musical.instruments< 2.5 12   8.9166670 4.083333 * 

       15) Musical.instruments>=2.5 26   6.0384620 4.807692 * 

 

CART (Classification and Regression Trees) was used as an algorithm for tree construction. Based on the constructed 

tree, it is possible to find related variables to target variables "Opera" and "Classical music." The pruning is used too. 
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Variables actually used in tree construction: 

 [1] Active.sport       Celebrities         Changing.the.past   Classical.music     

 [5] Elections           Gardening           Hiphop.Rap         Musical             

 [9] Musical.instruments Thinking.ahead      Unpopularity        

Therefore, based on the constructed tree, the related preferences to classical music are found. It allowing the 

dissemination and promotion of the new performances and shows in the additional target group (active sport, for 

example) and extending the audience. 
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Conclusion 

The results of this research can be summarised as follows: 1) the web profile can be used for music preferences 

analysis; 2) Random forest and KNN are the best predictors for a chosen dataset; 3) the feature selection is 

organised based on random forest. It allows funding the most frequent preferences to classical music. 
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