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RESUMEE

Development of a Digital Songbook Web Application for European Historical Songs
Study program: Information Technology Systems Development

Keywords: digital songbook, European historical songs, web application, lyrics comparison,

RBAC, song database

The title of the thesis is: ,,Development of a Digital Songbook Web Application for European
Historical Songs”. Keywords: digital songbook, European historical songs, web application,
lyrics comparison, RBAC, song database. This thesis focuses on the development of a web-
based songbook application for European historical songs. Currently, many lyrics for
European historical songs are found in disparate sources, such as old songbooks, limited
online publications, and websites with limited functionality. This makes searching,
comparing, and studying these lyrics difficult. The goal of this thesis is to create a web-based
songbook application that brings together as many of these songs as possible in one place.
This solution will allow for a full analysis, rather than simply using images and lyrics as
many existing solutions do. This thesis analyzed existing applications, identified their
strengths and weaknesses, and identified the features needed for a songbook to address this
problem. This primarily concerns a catalog of all songs in the database, a song card as the
main object, metadata for searching by title and lyric section, a system of user roles and
rights, and new solutions in this area, such as a version comparison function that allows for
visual comparison of differences between versions of a single song. Another important
solution was the implementation of Al prompt functionality within the song card context for
translation, explanation of the song's meaning, and historical context. The practical benefit
is that this web application allows for the unification of such a large database, consolidating
it in a single system, significantly simplifying search, user experience, and preserving

European historical heritage.
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INTRODUCTION

In the current era of widespread digitalization, access has become available to digitized
recordings of old songs previously recorded on obsolete audio media (e.g., vinyl records).
The main problem is that many of these song lyrics are found in disparate sources, and
finding specific lyrics for a particular old song involves a complex internet search, reading
old songbooks, and attempting to decipher them by ear. Addressing this issue is important
because music functions as a medium of cultural memory and autobiographical
remembrance, while digital cultural heritage collections still face persistent problems of
fragmented description, interoperability, and user access (Bennett & Janssen, 2016; Jéncke,

2008; Elings & Waibel, 2007; O’Neill & Stapleton, 2022).

The goal of this work is to create a web application in the format of a digital songbook,
specializing in storing lyrics of European historical songs that are difficult to find online.
This web application should reduce the need to search for lyrics in disparate online sources.
Each text also includes links to websites where you can listen to performances of each
specific song, which in some cases makes it possible not to publish protected materials

within the web application.
Below are the tasks which must be completed to achieve the goal of this thesis:

Design a song database.
Create a database of 5,000 songs that meet the criteria described above.

Create a visual prototype of the web application.

1
2
3
4. Create a prototype website for scalability and gradual addition of new features.
5. Complete the development process with all tasks completed.

6

Testing and improvements.
The following research questions are addressed in this thesis:

1. What role hierarchy (RBAC) and what application system can protect the database from

vandalism while still allowing for collection expansion?

2. What elements of the song card structure support easier perception, text analysis, and

navigation compared to selected analogs?

3. How does a system for storing multiple versions of the same song in a single card and a
comparison system enable direct comparison of lyrics within a single card, compared with

the selected analogs?



The following key terms are used in this paper. “Song card” refers to the basic interface unit
combining song lyrics, metadata, versions, sources, and user actions. “Multiple versions”
refers to multiple text versions of the same song, stored within a single “song card.” “Version
comparison” refers to the visual comparison of text versions with direct display of
differences. “Draft” refers to an unpublished version of a song transcription for editing and
preparation for publication or moderation. “Confidence marking” refers to a mechanism for
manually indicating the degree of confidence in the correctness of a line or individual word

transcription.

The practical and scientific novelty of this work lies in the fact that, through the analysis of

existing solutions, a specific research problem was identified and addressed.

Existing digital songbooks are almost always focused on a single country, language, or other
narrow selection criteria. Consequently, there is currently no unified system that
simultaneously integrates a pan-European corpus of historical songs, a unified song card
with lyrics in the center of the interface, integrated storage and comparison of multiple

versions, and controlled collection expansion through role-based moderation.

This thesis addressed this existing gap by developing and testing a comprehensive web
application that combines structured storage of materials, metadata and text search, direct
version comparison, and access rights management. This makes the collection, study, and

further expansion of the corpus practically feasible within a single working environment.

This work does not collect data from individuals for research purposes. No surveys,

interviews, or experiments involving respondents were conducted as part of this thesis.



1 RESEARCH AND ANALYSIS

First, it should be noted that there are no comprehensive solutions to this issue, as there is
no single songbook for all European countries. However, there are several websites that

partially correspond to the intended concept, but they are very limited in their focus.

1.1 Existing solutions and the comparison matrix

For the research and analysis of existing solutions, the narrowly focused websites A-Pesni,
SovMusic, and PolskaTradycja were selected. These websites were chosen because they
offer songbooks of various types with various additional features that simplify the process
of finding the desired lyrics. These three in particular are illustrative and sufficiently

comparable web songbooks.

The comparison is based on the following criteria: lyrics availability, categories, historical
notes, audio availability, site search, sheet music, multiple versions, user submission,
comments, text comparison tools, collaborative transcription support, event-specific search,

transcription tools, and Al integration.

The choice of these criteria is partly based on literature on metadata standards,
interoperability, and access in digital cultural heritage systems (Elings & Waibel, 2007;
O'Neill & Stapleton, 2022), while some criteria reflect the specific goals of this project. The

comparison results are summarized in Table 1.
1.1.1 A-PESNI

A-PESNI is a web-based songbook focused on the musical culture of the former Russian
Empire, with a primary emphasis on Russian music. It also features songs in other languages,
such as Ukrainian, Yiddish, Belarusian, and Polish. It offers a wide selection of rarely found

lyrics on its website, along with sheet music and historical information for each song.

The website offers song selection by direct search, as well as by category: language, genre,
and time. The website lists songs by clicking on a specific category. Under each song card,

the lyrics are listed, along with their source. Historical information is sometimes provided.

The strength of this web application is its extensive collection of rare lyrics found only on
this website. This is due to its direct collaboration with songbooks, demonstrating the
author's serious approach to content creation. Its weakness, however, is its poor structure,

meaning the lyrics are interspersed with commentary, sheet music, and historical



information. This hinders the comprehension of the lyrics. In the author's observation at the

time of analysis, the website's collection may face further loss of materials.

As of April 14, 2026, during the preparation of this thesis, this risk proved real and was
confirmed in practice. While rechecking existing solutions, it became clear that the A-PESNI
website at this domain no longer reliably fulfilled its former function as a song archive. At
the time of this recheck, accessing the site through a search engine or by directly visiting the
address did not reliably open as a song archive and in some cases led to a Greek Orthodox

religious website. Archived copies of the song archive, however, remained available.

This episode demonstrates that private digital songbooks can be not only limited to a single
country, language, or topic, but also that they can be organizationally vulnerable. Thus, the
practical necessity of creating a unified and sustainable system for storing, structuring, and

further expanding the corpus was confirmed.
1.1.2 SovMusic

SovMusic is a technically outdated songbook web app where the author and admins have
compiled a collection of songs from the Soviet era, both widely known and extremely rare.
The songs are presented as a historical legacy of the USSR and part of its history and culture,
so that the music and lyrics can help to understand the lives of the people of that era
(enthusiasm, “great construction projects,” victories, faith in a “bright future,” with direct

references to the Gulag).

The website's stated goal is to provide an opportunity to listen, read, and comprehend the
context of time. In the author's observation at the time of analysis, the site has no clear central
management; the site's news section shows no new posts after 2013, but those who maintain
the administrator panel continue to maintain it on a limited basis. At the time of analysis, the

site appeared organizationally vulnerable.

The strengths of this web resource include its impressive database, which covers a large part
of the Soviet song repertoire, making this web app a benchmark for comprehensive coverage
of its field. The site's weaknesses include complex design, noticeable technical issues, and

the absence of visible site news updates after 2013.
1.1.3 PolskaTradycja.pl

PolskaTradycja.pl is a Polish web application specializing in Polish history and culture,

offering a vast range of content on Polish history, traditions, proverbs, cuisine, folklore,



legends, and more. This site also has a section on military songs, but the selection is limited,
clearly indicating that the tool does not address the problem of finding rare military-historical
song lyrics. On this site, all songs are organized by category (“military/national/patriotic”).
The song page is designed as a card: a brief historical overview and full lyrics, plus a block

of links to similar songs and section navigation.

The strengths of this web resource include well-structured sections, an integrated player next
to the lyrics card, and an intuitive design. The site's downsides include an excessive amount
of information and visual elements. The song collection is also very limited, and there is no

search by text or title.

Table 1. Feature comparison of A-PESNI, SovMusic.ru, and PolskaTradycja.pl. Source: author's compilation.

Feature (EN) A-PESNI | SovMusic.ru | PolskaTradycja.pl
Lyrics v v v
Categories v v v
Historical notes v v v
Audio X v v
Site search v v X
Sheet music v X X
Multiple versions v X X
Submit own song X v X
Comments X v X
Text comparison tool X X X
Collaborative transcription (by ear) X X X
Event-specific search X X X
Transcription tool X X X
Al integration X X X

Table 1 legend: v = feature present; X = feature absent.

Table 1 shows that all three selected websites have limited functionality as tools for the
comprehensive study of European historical songs. All three websites focus on a limited
range of topics: only Soviet songs, only songs of the former Russian Empire, and only Polish
songs. Taken together, these findings indicate a gap not only in corpus coverage but also in

the integration of structured metadata, user-oriented search, and multi-version presentation
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within a single environment, which is consistent with the fragmentation described in digital
cultural heritage literature (Elings & Waibel, 2007; O’Neill & Stapleton, 2022; Gibson et
al., 2024).

Existing solutions are mostly limited to one country, one language, or one thematic corpus.
More broadly, the literature shows that digital heritage collections still face problems with
fragmented description, interoperability, and user access (Elings & Waibel, 2007; Gibson et
al., 2024).

Also significant is the fact that aforementioned web applications lack some important
modern features that would facilitate database management. This applies primarily to the
design and functionality of these websites. None of them can provide the level of service a

modern user is accustomed to.

This is particularly related to their narrow focus and the manual labor required to assemble
a database, which must be very extensive to cover a large number of songs of that period
that were recorded and preserved to this day, and thus forms an important part of

understanding the lyrics.

In developing a pan-European historical songbook, the author aimed to incorporate all the
functionality currently available in the aforementioned alternatives, while also adding many
new features that created a more functional solution. All of the above components must be
considered to create a comprehensive and functional new tool that more fully addresses the

requirements.

The element that is not considered for now in the songbook's development is sheet music, as
its implementation would significantly complicate data collection. Therefore, this topic is
beyond the scope of this thesis, with the possibility of future consideration during the further

development of the web application.

Based on the analysis of existing solutions, it can be concluded that the most important

features of the new system developed in this thesis should be:

1. A unified, structured song card, which allows the focus to be placed primarily on the lyrics

by reducing visual and secondary elements.

2. Search by title and by lyric lines to ensure efficient access to songs without scrolling

through the catalogue.
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3. A catalog and filters by language, country, period, topic, and tags to ensure focused
research without unnecessary details.

4. Text versioning and version comparison for a complete picture for the researcher, so that
the user can see all existing versions in a single card, rather than manually comparing them
across different sources or within a poorly designed page.

5. A source for each recording and external links to audio, if available, for convenient further
study and listening.

6. A role system, edit moderation, and a change log ensure the proper functioning of all

system components.

1.2 Functional requirements

1. The system should display the song catalog as a list.

2. The system should support searching by full and partial song titles.
3. The system should support searching by partial lyrics.

4. The system should support detailed search by key categories, such as language, country,

period, and topic.
5. The system should open a song card with lyrics, metadata, source, and external links.
6. The system should store and display multiple versions of the same song, if available.

7. The system should provide a version comparison function with a visual display of

differences.
8. The system should display external links to listen to the song, if available.

9. The system should provide the user with access to Al tools for translation and lyric

clarification via predefined queries.

10. An unregistered user should be able to browse the catalog, open song cards, read

versions, and use the search function.
11. A registered user should be able to add songs to and remove them from favorites.

12. Registered users should be able to leave comments on song cards and manage their

comments.
13. Registered users should be able to submit a request to add a new song.

14. Registered users should be able to submit a request to correct an existing song.

12



15. The system should support drafts before a song is published.
16. The system should support collaboration between multiple users on a draft.

17. The system should implement a role model for Visitor, Registered User, Administrator,

and Super Administrator with differentiated access rights.

18. The Administrator should be able to moderate requests, including approval and rejection

for revision within the granted rights.

19. The Super Administrator should be able to appoint administrators, revoke the role, and

configure their permissions.
20. The system should provide authentication and protection against unauthorized actions.

21. The system should support a mechanism for specifying confidence for text lines and

individual words in the transcribed text.

The web application includes the following text analysis features. First, it provides
predefined Al prompts about the historical context of the era in which the song was written.
Second, it provides predefined prompts for translation into all supported languages. Third, it
provides predefined prompts for text clarification, explaining metaphors, subtleties, and

other difficult-to-understand aspects.

1.3 Data concept: entities and relationships

The entire data concept in a songbook is built around the entity called song, which is the key
object of the system. It consists of many components, the main one being the lyrics, but not
the only one that carries semantic load. The entry also contains metadata, which supports
classification and richer description in the system (Elings & Waibel, 2007) and can also

record authenticity-related information where relevant (Pacheco et al., 2023).

These features include the title, artist name, lyricist name, composer name, language, and,
in some cases, the era of the country, the song's setting, theme, lyric source, notes in the form
of comments, a verified translation, the year, and service metadata. A structured entity model
of this kind supports consistent description, interoperability, authenticity-related
documentation, and more precise retrieval, all of which are recurrent requirements in digital
cultural heritage and archival metadata research (Elings & Waibel, 2007; O’Neill &
Stapleton, 2022; Pacheco et al., 2023). Song entities are linked by a one-to-many

relationship to enable the storage of different versions of the lyrics.
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Another important entity in the full system is the user, whose role is used to store credentials,
roles, nicknames, and access rights, which ensure the web application's hierarchy for proper
operation. The favorite songs feature and its associated entities, namely song and user, have

a many-to-many relationship, allowing multiple users to favorite multiple songs.

Also, to support user initiative, a contribution mechanism exists. This mechanism consists
of song submission and draft entities, which facilitate song editing before submitting it for
moderation. A draft can be linked to an existing song (suggesting its editing) or to a
completely new song. For the draft entity, there is typically a one-to-one relationship
between the draft and the user, but when using the draft collaboration feature, a one-to-many
relationship exists. One user is the owner of the draft, and participation by multiple editors

is facilitated through collaborators and invitations. The core entity structure is shown in

Figure 1.
id &2 int
song_id & int
title text
id &2 int
lang varchar
| song_id & int
. , hyrics text
d & int -o— title text
text
title text souree £ url -
- sort_order int
lang varchar kind varchar
country varchar version_id & int
period varchar sort_order -
year int id & int
verified boolean —< song id & int
status varchar ctatus varchar
created_at datetime version int
updated_at datetime created_at datetime
updated_at datetime

dbdiagram.io

Figure 1. Simplified ER diagram of the core song, version, link, and draft entities of the songbook web application database.
Source: author's compilation.
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1.4 Interface, navigation, and search concepts

1.4.1 Design

Design is a key element of any tool. Designers devote considerable time to ensuring an
interface that is intuitive, attractive, and understandable to first-time users. Users form a
lasting first impression of a website almost immediately, and this early impression can later

influence perceived usability and trustworthiness (Reinecke et al., 2013).

Modern solutions place significant emphasis on design, as it determines the success of a
product, regardless of its purpose. To truly simplify the exploration of historical songs and
improve the user experience, it is essential to apply basic web interface design principles to
a web application, ensuring the easiest possible use of the solution. Recent usability research
likewise shows that homepage intuitiveness, search-box design, and overall interface clarity
measurably affect user experience in digital information systems (Kuhar & Mercun, 2022;

O’Grady & Mangina, 2025).
1.4.2 Website color palette
First and foremost, the website's color scheme is important in design.

Research on online environments shows that blue is associated with trust and other favorable
perceptions among users (Broeder & van Doremalen, 2021). For this reason, a dark blue

color palette was chosen for the web application.
1.4.3 Navigation and information architecture

Secondly, the key design element is the placement of buttons that provide navigation through
different sections, access to various functions, and, accordingly, website management for
research purposes. Research on mobile interfaces shows that bottom navigation with clear
icons and labels can improve learnability and usability compared to more complex

navigation structures (Umar et al., 2024).

The interface has several main sections. The catalog allows users to browse song cards by
category and easily search by topic using a visual interface and topic-specific collections.
The song card itself contains lyrics, metadata, lyric versions, external listening links, and
interaction buttons. Separate website sections provide sections for adding a song, viewing
and interacting with favorites, working with drafts, and an administration panel for site

administrators. The administration panel is not accessible to regular users.

15



The web application search has several hidden search options. First, there is the ability to
search by title, where the user types the official song title. The second option is to search by

words in the lyrics.

Additionally, it is possible to filter results by category, which supports more targeted access
to the collection and matches user-centred approaches to search in digital cultural heritage

websites (Gibson et al., 2024).

The main tools for lyric analysis are located within the song card. The song card page is
useful not only for reading the lyrics but also for working with the material. On a song’s
page, users can view and compare different versions of the lyrics, save the song to their
favorites, follow external links to listen to it, and view the official translation verified by the

administration.

Additionally, for additional depth of analysis, there are ChatGPT buttons on the user side
with ready-made prompts. Submitting requests to edit songs, adding songs, and working

with drafts is only available to authorized users.

1.5 Access policy and the RBAC role-based access control model

RBAC is appropriate here because it assigns permissions to roles rather than individuals and
supports hierarchical separation of duties, making it suitable for systems that must protect
core content while still allowing controlled contribution and moderation (Ferraiolo & Kuhn,

1992; Sandhu et al., 2000).

To ensure proper distribution of web application functionality, an RBAC system is
implemented, providing logic for assigning permissions to each role. This is necessary to
prevent breaches of site data security and to ensure centralized system management,
preventing unauthorized deletion, addition, or editing of cards, as well as the assignment of

accounts to administrator roles by non-super administrators.
1.5.1 Visitor (read-only)

Visitor (read-only) is a user role without the right to modify data on the site. This user can
freely browse the song catalog, open song cards, read lyrics, use the search, click on listening
links, and also has access to external Al tools. The Visitor role is used to provide access to
content without registration, when a user is not interested in extensively exploring the site

and 1s simply looking for the lyrics.
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Visitors do not have all the rights of the Registered User and higher roles. To obtain these,
they must register. This encourages new users who need additional features to register on

the site.
1.5.2 Registered User

A Registered User has all the same capabilities as a Visitor. In addition to the basic Visitor
features, a Registered User has a wide range of capabilities: saving songs to and deleting
them from the favorites, writing comments under songs, editing and deleting comments,
submitting song addition requests, and requesting lyric corrections. An application must be

approved by an authorized administrator.
1.5.3 Administrator

Administrator is a user type assigned by a Super Administrator. This assignment is not
general, but rather specific permissions for each individual Administrator. This means that
an Administrator has the right to perform certain administrative actions only in the areas

approved during the assignment.

Each administrator privilege is granted only if the Super Administrator has included it in the
user's administrator permissions list. This means, for example, that if an Administrator was
granted permission to administer only the German language section, they would not be able
to make changes to the Polish language section. The same applies to technical permissions
such as deleting content, editing existing songs, adding new songs, and unlinking/linking
links. This is done to protect the site from sabotage, vandalism, and carelessness on the part

of certain individuals.

Depending on the permissions granted, an Administrator can perform the following actions:
adding songs, editing songs, deleting songs, approving edits, rejecting edits, sending edits
for revision, adding listening links, adding comments to song cards, editing song
descriptions, managing versions and lyric variants, and moderating user requests and

registrations. Each of these actions requires a separate permission.
1.5.4 Super Administrator

A Super Administrator is the highest administrative user level in the entire system and has
full control over the website. A Super Administrator has no restrictions on managing the web

application.

17



The key role of a Super Administrator is to oversee the management of the entire website
and ensure its protection from vandalism and the preservation of its intangible heritage in
the form of metadata. Only a Super Administrator can assign and remove users to the
Administrator's role. Likewise, only a Super Administrator has the right to decide what rights

each individual Administrator has.

The Super Administrator can perform all administrative actions: adding, editing, and
deleting song cards, managing versions and sources, moderating user requests, and
managing disputes that require a final decision. If necessary, the Super Administrator can

change, or revoke previously granted administrative rights.

The Super Administrator role is designed to provide centralized control over the entire web
application's administrative system to ensure uniform content management rules and
protection against unauthorized use of the web application. This role is key to the stable and

secure operation of the web application. The role hierarchy is shown in Figure 2.
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‘Super Administrator
Includes all Administrator rights
* Assign Administrator role

* Remove Administrator role

* Configure permissions
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(Administrator | Includes all Registered User rights
Includes all Registered User rights » Manage listening links
* Create songs * Add comments to song cards
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* Delete songs * Approve requests
* Manage versions and lyric vanants * Reject requests
'* Manage sources ) * Request changes
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* Manage favorites
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- Submit lyrnic correction request )
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* Search songs

* Open song card

* View versions

* Open listening links

* Open predefined Al translation prompt

5 Open predefined Al meaning explanation prompt |

Figure 2. Role-Based Access Control (RBAC): roles and permissions. Source: author's compilation.

1.6 Ethics

The songbook web application processes only account, session, and contribution data
necessary for the proper operation of the service, and not for research purposes, particularly
for cybersecurity and protection against vandalism. This data includes usernames, email
addresses, password hashes, and session IDs. Contribution data includes comments,

favorites, requests, drafts, and collaborator records. Account data is stored to the minimum
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extent necessary for authentication, security, and service operation. Passwords are hashed
using PBKDF2 and are not stored in cleartext. NIST states that memorized secrets shall be
stored in a form resistant to offline attacks and salted and hashed using a suitable one-way
key derivation function; examples include PBKDF2 (Temoshok et al., 2025). The app is
designed to minimize the processing of personal data and use it only for authentication,

security, and service operation. This data is not used for purposes unrelated to the web app.
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2 METHODOLOGY

The design science research methodology was used in writing this thesis because the study
was aimed at identifying a practical problem, designing and developing a digital artifact in
the format of a web application, as well as its subsequent demonstration and evaluation using
comparative analysis, functional requirements, iterative development and multi-method
validation. In the design-science paradigm, knowledge and understanding of a problem
domain and its solution are achieved in the building and application of the designed artifact

(Hevner et al., 2004).

2.1 Song corpus and selection criteria

These songs were selected from published, open, non-commercial sources, such as those
freely available on national non-commercial songbook websites, PDF scans of historical
songbooks, and the author's personal collection, which contains approximately 50
songbooks. During the selection process, the key attributes were the historical and cultural
relevance of the material, the availability of lyrics and titles, and the technical feasibility of
importing into the database. When available in the metadata, the date of composition of the

lyrics was used as a guide to select primarily historical songs.

The main ethical issue relates to the lyrics. The European songbook web application database
primarily contains historical songs from open and non-commercial sources. Individual legal
verification of each text and its copyright was not within the scope of this bachelor's thesis;
therefore, the public content displayed on the site includes only texts without identified
copyright restrictions. Under the Estonian Copyright Act, musical works with or without
words are protected works, and works shall be used by other persons only in the case of
transfer of the author’s economic rights or on the basis of an authorisation, except in cases

prescribed by law (Copyright Act, §§ 4, 46).

The vast majority of the site's content is folklore or clearly historical, and all other song texts
with signs of modern or potentially protected material have been hidden from the public

interface until the legal status of each song is individually clarified.

2.2 Technology

The project's technical foundation is based on a single, standard stack. Cloudflare Pages is

used for client-side publishing, and the server logic itself was created using Cloudflare Pages
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Functions on a Workers runtime. This approach allowed the interface and server to be

located in a single environment, eliminating the need for a traditional server and saving costs.

Cloudflare D1 serves as the primary database for this web application. This database stores
song lyrics, users, lyric versions, drafts, requests, favorites, roles, and access rights. To
implement search functionality by song title or lyrics, a hybrid full-text search based on
SQLite FTS5 is used, along with normalization logic, prefix search ranking, and typo
correction. This solution plays a crucial role in the songbook web application, as searches

are often performed by partial titles, partial words, or approximate matches.

At the same time, the client side of the songbook web application is implemented as a single-
page application in Vanilla JavaScript. This solution allowed for a relatively lightweight
interface infrastructure without a heavy framework, thereby supporting the catalog, song
cards, filters, search, drafts, and administrative sections. Authorization and security features
utilize JWT with session storage in an HttpOnly cookie, PBKDF2 for password protection,
and rate limiting for critical actions. The access rights model itself is built on the RBAC
model with selective permissions for each administrator, allowing for restriction within

specific language sections.

Another important technology is WebSocket, which is used for draft collaboration. Git,
Wrangler, Node.js, and npm were used as supporting development tools. These tools are

required for local work, building, and publishing the project.

2.3 Development process and key decisions

2.3.1 Development stages

Website development was gradual. The first version of the website was created in early
February as a technical prototype, with only a rough design and interface for the future web
application. This first version lacked a full logical structure within the pages, no role
permissions, and navigation and action buttons were merely rough drafts. The very first
version of the website only offered the ability to view song lyrics and did not provide any
interaction options. This initial website prototype helped determine the direction for the

gradual development of the project and its finalization into a presentable version.

By the end of the first month of development, the website was ready to demonstrate its core
functionality. By this point, key parts of the system had been implemented, supporting basic

user and administrative workflows. By the time this work was prepared, the main
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functionality of the system had already been implemented, but nevertheless, further

development is being focused on long-term support and improvement of the system.
2.3.2 System development process

From the very beginning, the key element of the system was the song card. Initially, it
contained only a text field, a field for the lyricist, and a field for the composer. The logic of
the entire songbook web application was further configured around this element. The next
system element added after the song card was the role system, as the issue of proper

collection management and security was considered a key one.

From the very first version of the website, search by lyrics and song title was supported, but
measures were taken to improve it during development. Initially, the search performed
poorly with fuzzy matches, but after its modernization, search capabilities without exact
matches were implemented, allowing users to find song lyrics even without complete

certainty.
2.3.3 Key implementation decisions

The first and most important decision to ensure the website's functionality was to add a
hierarchy of roles and user rights. This decision was considered even before development
began, because without it the site would be extremely vulnerable to vandalism and
carelessness with lyrics collection. This necessitated the development of a clear, hierarchical

model of user rights.

The second important decision was the addition of predefined Al prompts for processing
song lyrics. This solution allowed the user to save time on queries, and for the site
administration, it was a cost-effective solution, as there was no need to purchase an API to

implement these functions.

The third important decision was the implementation of a function for comparing versions
of the same song. This function aims to simplify the labor-intensive process of comparing
lines side-by-side by rereading two different lyrics simultaneously, instead comparing
versions of the lyrics and immediately identifying line-by-line differences. Another
important decision was the text confidence system, which displays the level of confidence
in the aurally transcribed line of text, as well as in each individual word, allowing the user

to be clearly alerted to problematic areas in the aurally transcribed text.
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2.3.4 Design and navigation

A significant portion of the development time was devoted to the visual component of the
web application. As development progressed, the placement of buttons, their appearance, the
overall website color palette, and the interface navigation logic itself changed almost daily.
Approaches used by major digital platforms such as TikTok, YouTube, Instagram, and

similar platforms served as design guidelines.
2.3.5 Data import and classification challenges

The most challenging part of the project was creating a filtering and classification system
for songs collected from across the internet. This work began at the very end of development
and proved to be the most time-consuming part of developing the distribution logic. Some
sources contained thousands of songs that needed to be correctly categorized by language
and country. Third-party website elements added by site owners posed a particular challenge.
They cluttered the text with comments, technical markup and irrelevant fragments, notes,

notations, and other fragments not directly related to the lyrics.

To solve this problem, it was necessary to gradually strengthen the heuristic logic, introduce
additional cleanup rules, and refine the classification criteria. Consequently, the most
challenging aspect of the entire development process was precisely converting large volumes

of text into a format suitable for importing.
2.3.6 Change management

In the early stages of the project's development, changes were published directly through
Cloudflare, and the actual change review took place on the live version of the site. Due to
the limited reliability of this approach, Git version control was introduced midway through
development, allowing for better version control and backups in case of technical issues or

improperly implemented changes.

From start to finish, the entire development process was focused, with no major changes in
concept. The project went from a simple concept to a finished product. The main changes
involved improving and expanding functionality, enhancing the catalog structure, song

cards, search settings, and refining the design.
2.3.7 What was postponed

First and foremost, the idea of adding audio storage and playback capabilities to the website

was postponed. This decision was driven by the fact that it would have required significantly
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more resources, specifically storage space, which in the case of song audio recordings takes
up much more space than the actual text. It would also have required separate legal

considerations.

Adding some language sections was also postponed, as this would require a significant

amount of work to search, import, and clean up.

2.4 Use of Al tools in development

2.4.1 Useof Al

The author of this thesis has familiarized himself with the University of Tartu's guidelines
for the use of artificial intelligence and describes its application in this thesis in full
accordance with the university's requirements (University of Tartu, n.d.). Al tools were used
only as an aid, while the author independently defined the tasks, verified the results, and

made the final decisions.

In the creation of the project and the preparation of this thesis, Al was used solely as an
auxiliary tool. ChatGPT was used as an auxiliary tool for searching websites with related
scientific articles, as well as other information necessary for writing the thesis. ChatGPT
Codex was used as the primary software implementation tool in Visual Studio Code. After

the official Windows release of the program on March 4, 2026, Codex was used within it.

It is also important to note that Al was not the independent author of the project. Artificial

intelligence in this work was used as an intermediate tool for technical implementation.

System architecture, task definition, requirements refinement, results verification, and key
decision making were the responsibility of the author. In essence, in this case, this was
analogous to using a high-level programming language: in the same way that a developer
does not write a program in machine code but instead strives to use more convenient high-
level languages which are easier for human understanding. In this project, the ChatGPT
Codex was used to translate the author's logically formulated problems into program code.
At the same time, the author was solely responsible for the choice of architecture, functional
logic, readiness criteria, evaluation, and testing of results, and Al was merely a means of

accelerating implementation, not a source of engineering logic.
2.4.2 A practical approach to working with Codex

The basic workflow was as follows. First, the author determined which features or parts of

the website were missing, what was incomplete or unstable, and what could be improved
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with a new implementation. Then, the author formulated the task in text form and submitted
it to Codex. After implementing the code, the result was tested directly on the website. If the
result did not meet the expected requirements, the task was clarified, after which a correction

was made.

Therefore, Codex was not an autonomous developer. It was assigned only the technical part

of the task, while goal setting, result evaluation, and key decisions remained with the author.
2.4.3 Tasks for which AI was used

Codex was used throughout the development process and was essentially the primary coding
tool for implementing, refining, and correcting the website. It was used to create and modify
design and interface elements, song card components, user role and permissions logic, parts
of the database structure, search and filter functions, and several other website mechanisms.
The examples below show only representative types of tasks it was used for during

development and are not representative of all cases.
2.4.4 Examples of tasks for Codex

A representative example of Codex use might be the request “Collaborate on a song in draft
mode. While the song is not published, in editing mode, the draft owner adds another user
by nickname to the editing section. After adding, both users gain access to the same song
card draft and can edit it simultaneously, primarily the lyrics. Similar to collaborative editing
in Notion, edits are visible immediately as you type, without the need for manual “refresh
the page.” Mechanisms must be implemented to ensure edits are not lost or overwritten
unnoticed, and changes are guaranteed to be saved with micro-control of the saving process,
clearly indicating what exactly was saved and what was not lost during simultaneous

editing.”

The goal was to enable the creator of a song draft to add another user by nickname to a
shared draft before publishing it to the website. This would allow both users to collaborate

on the same song card.

After Codex received the prompt to implement this feature, it added real-time
synchronization and a wide range of interface elements for collaboration. However, during
testing, which occurred immediately after implementing the concept in the web application,
it was discovered that real-time synchronization created an excessive load on the system,
resulting in interface lag. Furthermore, some of the added elements were visually redundant

and inconvenient, thus not meeting the original intent.
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Many buttons were poorly positioned and hindered intuitive navigation. After testing, the
request for Codex was clarified, and the code was reworked: unnecessary buttons and visual
elements were removed, and the logic itself became clearer and easier to use intuitively. In
the final version, the system that accepted the last edit as the final one was adopted, as this
approach did not overload the system. Testing showed that the feature worked as intended,

with two users having simultaneous access to a shared draft.

Another illustrative example is the query “Confidence percentage for each variation. For
each line variation, a confidence percentage is manually entered, indicating how confident
the editor is that it's sung that way. This is not an automatic assessment, but rather a manual

entry tied to a specific variation of a specific line.”

This task was related to the logic of aural transcription, where a user might hear multiple
variations of an unclear passage in a recording, forcing them to record all guesses and rank
them by probability. This is a key tool when writing lyrics by ear, especially when the song

is rare and its lyrics are not available online.

In the first implementation of this idea, Codex created a system for storing confidence levels
for each line variation guess, with visual gradient highlighting. The first implementation
allowed for free input of a confidence percentage from 0 to 100, but testing revealed that this
option was inconvenient due to the large number of possible options. Furthermore, some
visual elements malfunctioned, with some buttons not working reliably or not being pressed
at all. Entering a confidence percentage into a box did not work at all, as it did not allow for
custom input. After identifying these issues, refinements were made and the system was
redesigned. First, the redesign added a fixed confidence range of five buttons instead of a
free number. Second, unnecessary visual elements that hindered user perception were

removed. The idea was ultimately implemented and works properly.

A third illustrative example is “Search + Advanced Search: Fix a bug with searching after
selecting a country in the advanced search. Currently, if you select a country in the advanced
search, then perform a regular search, enter a query, and search, the search does not work
correctly or does not allow you to search properly. This connection needs to be fixed:
selecting a country in the advanced search should not disrupt further searching; results

should be displayed correctly.”

The essence of the problem was that filtering was not working correctly, or rather, was not

working at all, meaning it had virtually no effect on the results in the first version. After
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discovering this during testing, a task was formulated to fix this bug, and Codex fixed it so
that when selecting a country in the advanced search, the results actually show songs related

to that country.
2.4.5 Limitations and problems

During the use of Codex, numerous problems were encountered. Quite often, these errors
manifested themselves in incorrect visual display of website elements, as well as general
system failures due to careless code rewriting on Codex's part. In some cases, Codex changed
or added unintended components, which caused development delays and added complexity,

forcing the task to be reformulated and clarified.

The most challenging tasks were those related to filtering and visual logic. In these areas,
the degree of control over the logic was greatest, and was essentially entirely based on the

logical filter defined by the author.
2.4.6 Author's control

At the same time, the author was responsible for all project logic, all ideas for functions to

simplify database work, testing, analysis of the process, and complete control over the work.

Even though Codex was used quite actively, the author still single-handedly determined the
overall concept of the site, formulated all the tasks, made decisions, checked the obtained

results, and decided whether this or that component of the site was ready or not.

One of the most time-consuming tasks was working on the website's light theme. At one
point, it was temporarily removed because, while tweaking the dark theme's design, new
issues with the light theme regularly arose. This necessitated disabling it until the end of
development to immediately revert to the approved design. Ultimately, the website structure

became more stable, and the light theme was reinstated.
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3 IMPLEMENTATION, RESULTS, AND EVALUATION

3.1 Implemented functions and modules

By the final stage of writing the thesis, the functions stated in the project objectives had been
implemented. The web application is a working system for storing, searching, and editing a
database of historical European songs. The core element of the system is the song catalog
with convenient navigation to the desired song card, where the user can work with the lyrics

and explore related data.

The final version of the website includes functions for browsing the catalog, searching by
title or part of the lyrics, opening a song card, working with metadata, displaying language,
source, country, year, and other information, and storing multiple song versions in a single
card. There is also a function for interacting with the Al within the site context using
predefined prompts, linking to external services for listening, and for authorized users, a

favorites function and a request to add a song.

A separate module for text analysis has also been implemented. In the song card, users can
not only read the lyrics but also explore their variants. A version comparison feature displays
two selected song versions side by side, highlighting any differences. This allows users to

instantly spot any discrepancies without repeatedly rereading large sections of text.

Additionally, for songs transcribed aurally, users can specify a lyric confidence percentage.
This allows users to mark problematic areas with a confidence percentage. This applies to
both the entire line and individual words. This percentage is visually displayed in the lyrics
with corresponding markings. The implementation status of the functional requirements is

summarized in Table 2.
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Table 2. System requirements and implementation status. Source: author's compilation.

ID

FR1

FR2

FR3

FR4

FR5

FR6

FR7

FR8

FR9

FR10

FR11

FR12

FR13

FR14

FR15

FR16

FR17

FR18

FR19

FR20

FR21

Requirement

Song catalogue

Title search

Lyrics search

Filtering

Song card

Multiple versions

Version comparison

External links

Al prompts

Guest access

Favourites

Comments

New song request

Correction request

Drafts

Draft collaboration

Role model

Request moderation

Super Admin permissions

Authentication and protection

Confidence marking

30

Status

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented

Implemented



An important part of the project's implementation was the administrative logic. The website
has a clearly defined hierarchy of rights across Registered User, Administrator, and Super
Administrator roles. Each role has its own set of permitted actions. Currently, mechanisms
for editing, moderation, draft management, edit approval, and editing control have been
implemented. This allows the website to be used as a tool for long-term development, rather

than just a ready-made static catalog.

The user experience is as follows. The user visits the website, opens the catalog, finds the
desired song through search or navigation, goes to the song card, reads the lyrics, compares
versions, if necessary, examines metadata, checks problematic areas in the transcript, follows
external links to listen or use AI, and saves to favorites. In addition to the above,

Administrators and Super Administrators can edit, check, and manage database content.

3.2 Key solutions implemented: search, versions, roles

The main achievement of this thesis was the successful creation of a unified database of
European historical songs, which had previously been scattered across various websites and
songbooks. Importantly, a large portion of these songs were located on websites without
active administration, which effectively helped preserve the collection within a single
centralized system. At the time of writing, the database contains approximately 40,000
songs. This significantly exceeds the 5,000 songs announced at the beginning of the project.
This allowed the web application to become a fully functional corpus for searching and

exploring songs.

The songbook's core principle was the song card design. Analyzing similar materials for this
study revealed that the primary focus of all songbook websites and paper songbooks is
always the text itself. Therefore, the card was built around the main page element—the text,
which is positioned at the very center. The page strives to avoid being overloaded with
secondary elements, and the navigation is designed to quickly navigate the user to the main
actions. This promotes efficient work with the song. An example of the implemented song

card interface is shown in Figure 3.
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— European Songbook

European Historical Songt

O#, 3a raem, raecm

o 0O %
Ukrainian

OW, 3a raem, raem,

FaEM 3e/1leHeHbKUM,
Tam opana AiBUMHOHbKa
BoavKOM YOpHEHbKUM.

Opana, opana,
He Bmina rykatu,
Ta 11 HaliHANa KO3aYyeHbka

Ha ckpunouui rpatu.

KosaueHbko rpae,
BpoBamu moprae...
Bpaxa /ioro matu 3Hag,
Ha wo BiH Moprae:

Yn Ha moi BoaK,

A un Ha KOpoBM,

Yu Ha Moe 6ine anuko,
Yu Ha yopHi 6poBu?

Figure 3. Song card interface. Source: author's screenshot.

The second important decision was the implementation of a versioning system. In many
existing sources, different versions of the same song are located in different places, hidden
in comments, or formatted in such a way that differences must be compared manually. In

this project, versions are collected within a single card and can be compared directly.

This is implemented in the interface using two columns with highlighted rows of differences.
This solution reduces the need for the traditional, labor-intensive comparison of textual
versions, as was the case in the analogs discussed above. Digital scholarly work on editions
addresses the presentation of textual differences and evaluates interfaces through criteria
such as usability, visualization, and display capabilities (Schmidt, 2021; Alvite-Diez, 2025).

The implemented comparison view is shown in Figure 4.
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Compare versions

VERSION 1

1: Version 4: Crenk Aa crenk KpyroM...

Version 1 Version 2
1: Version 4: Crenb ga cTenb KPYrom...

Performer: Mysbika 1 cnosa: C. Cagosckui, W. Performer: Mysuixa u caosa: C. Cagosckui, W.
Cypuxos Cypukos

Performance year: Not specified Performance year: Not specified

STANZA 1 STANZA 1
CTenb Aa cTenb Kpyrom, CTtenb Aa cTenb Kpyrom,
MyTb AaneKk nexwr. MyTe Aanek nexuT.

B Toi cTenu rayxou B ToW cTenu rayxou

STANZA 2 STANZA 2

WU, HabpaBumcb cun, WU, HabpaBumucb cun,

Yys cMepTHbIA 4Yac, Yys cmepTHbIA 4ac,

OTpasan Hakas: OTaaBan Hakas:

STANZA 3 STANZA 3
«Tbl, TOBapuu MOM, «Tbl, TOBapuu MOM,
He nonomHu 3na, He nonomHu 3na,

3pecb, B CTENU rAyxoi, 3pecb B cTenu rayxou

Figure 4. Lyrics comparison function. Source: author's screenshot.

The third important solution was the lyric confidence system. This is especially important
for older recordings and songs, as many of them only have a single, poor-quality recording
on a record, and anyone trying to write lyrics has to guess at unclear passages by ear. This

often leads to transcription errors, which can completely change the song's meaning.

This mechanism was implemented to reduce the likelihood of such errors and make
problematic sections more visible to the user. This mechanism not only preserves the most
plausible lyrics but also adds less likely versions, as well as other aurally generated versions,

to provide the user with a complete picture.

Equally important was the decision to delineate the roles and rights of website users. In the

current open database environment, it was not enough to provide everyone with equal editing
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capabilities. A structure was needed that would ensure database security while still allowing
users to contribute. During testing, it was confirmed that users cannot perform Administrator
actions, and administrators cannot perform Super Administrator actions. Thus, the security

aspect of the first research question received practical confirmation.

To ensure the long-term sustainability of the collection, a site inheritance logic was
implemented. If the primary Super Administrator does not log in for six months, they are
automatically sent an email asking for confirmation of continued project management. If the
system does not receive a positive response, control is transferred to the next pre-defined
user in the inheritance order set by the Super Administrator. This user receives full Super
Administrator privileges, as well as an email with a link and the necessary information to
access the project's backup copy stored in Google Drive. This system reduces the risk of site

loss and keeps its collection secure.

3.3 Testing: scenarios and results

Testing in this thesis was organized as a repeatable, multi-method validation process and
was conducted throughout development, not just at the final stage. The validation itself
combined repository checks, execution of existing automated tests, direct runtime testing of
the locally running application in the Cloudflare Pages and D1 environments, scripted
browser validation of key routes, additional manual browser validation by the author, local
role initialization to validate administrative scenarios, production build validation, and

separate local response time measurements.

Validations in desktop browser covered six desktop pages and two mobile routes: the home
page, song card, same-page version comparison mode, administrative requests page,
administrative user page, draft editor, as well as the mobile home and mobile song pages.
The functional coverage tested included catalog browsing, pagination, title and text search,
public filtering, song card loading, guest restrictions, favorites, comments, requests, drafts,
draft collaboration, role hierarchy, administrative moderation, super administrator actions,
authentication, session invalidation on exit, and maintaining confidence levels for lines and

words.

After final fixes, the final development cycle included two documented full runs of the Node
test suite, two full runs of the Python test suite, and two build verification runs before final
testing. Automated repository checks yielded 101 test cases, of which 100 passed, 0 failed,
and 1 skipped: 44 passed in Node, 1 skipped, and 56 passed in Python without failure. An
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additional scripted runtime cycle included 20 scenarios, all 20 of which passed successfully.
Scripted browser validation confirmed the correct loading of six desktop pages and two
mobile routes, and additional manual browser testing on a PC and phone confirmed the

correct operation of the remaining stated interactive features.

This testing confirms that all stated functional requirements were implemented within the

scope of this thesis.

In preparation for final testing, several functional defects were discovered. It was discovered
that the “verified song” filter was not returning songs due to an invalid query, verified
metadata was returned incorrectly in the song detail and list response, the administrative
verified filtering logic was corrupted by the same error, some seed metadata was in the wrong
country and period format, one repository test for the song card endpoint initially failed due
to incorrect metadata output, and search relevance ranking required adjustment so that title
matches were not displaced by weaker lyric-fragment matches. The discovered issues were
corrected, and filter runs, song card checks, administrative verified checks, and repository
tests were re-run; all relevant checks passed. The Node test suite result changed from 43

passed, 1 failed, 1 skipped to 44 passed, 0 failed, 1 skipped.

Performance metrics were also recorded as part of the final testing. Twenty total
measurements were performed across four API cases, and 12 total measurements were
performed across four browser render cases. The average response time for the health
endpoint was 17.005 ms, for the first page catalog 24.078 ms, for song card 22.294 ms, and
for title search 42.825 ms. The average rendering time for desktop home was 487.659 ms,
desktop song 470.684 ms, mobile home 378.219 ms, and mobile song 363.198 ms. The

empirical basis of system validation is summarized in Table 3.
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Table 3. Empirical basis of system validation. Source: author's compilation.

Validation level

What was checked

Empirical basis

Conclusion

Automated
repository tests

Internal logic and

regression stability of search,
authentication, song card behavior,
protected actions, import and
parsing logic

101 test cases,
100 passed,

0 failed,

1 skipped

Core internal logic
was empirically
confirmed

Scripted runtime
checks

Executable user and
administrative scenarios
in the running application

20 scenarios,
20 passed

Catalogue, search,
filtering, song card,
requests, drafts, roles,
authentication and
confidence marking were
confirmed in runtime

Scripted browser
validation

Availability and loading
of key interface routes

6 desktop pages and
2 mobile routes

Key pages and same page
comparison view were
confirmed in the browser

Additional manual
browser validation
by the author

Remaining declared
interactive functions
after final fixes

Manual checks on
desktop and mobile
devices

Remaining functional
requirements were
manually confirmed

Role seeding and
permission gated checks

Separation of guest,
administrator and
super administrator rights

Successful deny and allow
checks for protected and
administrative actions

The hierarchical access
model was shown to work
in practice

Build verification

Preservation of deployable
build integrity after fixes

2 successful
build runs

The final version preserved
build integrity

Local performance
measurements

Basic local quantitative
execution indicators

20 APl measurements and
12 browser render
measurements

Stable local response and
render times were recorded

As part of an additional assessment of the third research question, the author of this thesis
conducted a comparative scenario study, testing the suitability of the developed songbook
web application and existing solutions previously considered. Scenario execution time, the

number of required actions, and negative outcomes were assessed.

Negative outcomes included the absence of a search result for an incomplete query text, the
inability to use a working search function, and the inability to compare versions within a
single song card. Additionally, limitations of the resource's interface and structure were
recorded: the need to pre-select the search type, the distribution of song versions across

different pages, and the need for manual cross-page text matching.

The results of this study revealed that the developed songbook web application better
supports continuous work with a song within a single song card. When searching for the
song “Momnoaexnas’ (Molodezhnaya) using a single line of text with one missing word, the

search found the desired song in approximately two seconds, yielding two relevant results.
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The desired song opened first and was accessible within two steps. Meanwhile, on the
website of an existing solution called SovMusic, search results were displayed faster than
the solution created by the author of this thesis. However, the same abbreviated query

returned no search results, meaning the scenario for this particular search form failed.

To continue searching, additional search settings were required, including a corresponding
mode called “Text Search”, as well as the full text without omissions and in an almost exact
form. This meant the scenario was no longer executed in its original form. Furthermore, it
was discovered that in SovMusic, versions of the same song were effectively spread across
different pages and linked to individual performances, preventing direct visual comparison

of the text.

Switching to a version comparison required at least five steps and then manually keeping the
differences in mind. In the second test on the A-Pesni website, using the song “Cpenu
noiunbl poBHbIA” (Sredi doliny rovnyya), all song versions were available within a single

card.

However, a comparable result was achieved in approximately 40 seconds just for the initial
detection of differences. Search could not be reproduced as a working tool; navigation was
through the catalog, and differences had to be identified manually by reading and scrolling
the page. More reliable comparisons required even more time. In the same scenario, version
comparison in the developed solution was achieved in 21 seconds, while still opening the

visual comparison mode.

Another limiting factor was that the song versions were presented in fragmented form,
sometimes only as a single verse instead of the entire song. This weakened the possibility of

direct textual analysis and often made it impossible due to the unclear location of the verse.

SovMusic was not included in this testing scenario, as the resource did not provide a
comparable scenario for switching to version comparison for this song. Meanwhile,
PolskaTradycja.pl represented a different type of existing solution. A strength of
PolskaTradycja.pl was its built-in historical and cultural commentary. However, it remained
brief, serving as a summary of the song's history, tied to a specific page and presented only

in the Polish interface.

In the web application developed for this thesis, contextual support was implemented

through built-in buttons with pre-prepared prompts for ChatGPT for historical context,
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translation, and explanation of meaning. This does not limit the user to this information but

rather allows for further analysis based on the contextual prompts provided.

This solution also allows access to information not only in Polish, but also in Russian,
Ukrainian, English, and Estonian, within the supported prompt languages on the website.
Thus, the advantage of the created songbook is that it combines search, version access, and
direct comparison within a single card, as well as a built-in mechanism for contextual,

translation, and semantic analysis.

This allowed for a test scenario with fewer steps, avoiding the previously required manual
cross-page text comparison. A limitation is that this study is a scenario-based study without
external respondents. However, it is important to note that the purpose of this testing was
not to collect subjective user preferences, but to compare analytical scenarios within existing
solutions and the newly created one. Within the framework of this study, it can be concluded
that the developed solution better supports song search by an incomplete fragment of a line,

comparing its versions and obtaining additional context than the selected analogs do.

3.4 Discussion: limitations and improvements

While the stated functional requirements were implemented within the thesis, the project
should not be considered complete in the final sense. The very logic of such a songbook
presupposes an extensive amount of work to fill, improve, and expand the database.
Historical European songs are scattered across various sources, many of which are not even
accessible online. Therefore, the project's development is a long-term process that will

continue even after the thesis is completed.

This thesis confirmed another practical aspect of the existing problem: the vulnerability of
songbook web applications themselves. One of the existing solutions under consideration
lost stable access to its previous functionality and no longer functioned reliably as a
standalone website. This demonstrates that the problem lies not only in the inconvenience of
searching through disparate sources, but also in the risk of losing already collected digital

song materials when such sources become unavailable.

Currently, the most significant limitations are not related to website development, but to
searching for material, populating the database, and further expanding the data. For many
small European languages, such as Belarusian, it is much more difficult to find collections

of historical song lyrics. Quite often, there are not even websites with collections of more
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than 50 songs, forcing us to resort to printed collections and their digitized versions, which

requires additional time to import.

Currently, several areas of project development have been deliberately put outside the scope
of the current thesis. These areas include the ability to listen to audio directly on the website,
further expansion of the language sections, and automatic song verification using an AI API
that will automatically populate all information based on the song's context. Within the scope
of this thesis, these functions would be unnecessary and would detract from the project's

original goal.

At this stage, the project's future development is expected to focus not on rebuilding the
existing system and its core, but on expanding it as deeply as possible to create a functional
web application within the stated goals. Its cultural and historical value will grow
proportionally to its song collection, improved metadata context around songs, an increased
number of links between individual songs, and improved search tools, version comparison,

and text manipulation.

3.5 Availability of the web application and source code

The final deployed version of the web application is available at:
https://euro-songbook.pages.dev

The source code repository used for development and version control is available at:

https://github.com/Sintagmatarches/euro-songbook-TU/tree/main
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SUMMARY

Summarizing the development of the web application, three main conclusions can be drawn.
Firstly, the goal set at the beginning of this work was achieved at the level of the
implemented and tested working version of the system: a songbook web application has been
created that stores, searches, and analyzes European historical songs. Second, the initial
target for the number of songs was exceeded several times over. At the time of writing the
thesis, the collection contained 40,000 songs. Third, the functional requirements formulated
for the thesis were implemented, resulting in a working search and analysis tool for European

historical songs.

The practical benefit of the project lies in its significant simplification of searching for lyrics,
which were previously scattered across disparate and inconvenient sources. Users no longer
need to manually compile material from numerous disparate websites and songbooks. The

core framework of European historical songs is now concentrated in a single system.

During the work on this thesis, this problem was further confirmed by the loss of one of the
songbook web applications analyzed. This highlighted the value of preserving song materials

in a separate, unified system.

It is also logical to conclude that the chosen role and application model has proven its worth.
The test showed that a clear hierarchy and delineation of rights allow for maintaining control
over the collection's contents while simultaneously allowing third-party users, not just the
administration, to add to the collection. Thus, the first research question was practically

confirmed in the implemented system.

The second research question was addressed through a comparative analysis of similar web
applications and the implemented interface structure. The implemented song card is designed
around the lyrics as the main focus; it is free of secondary clutter and supports convenient
navigation that allows for quick access to related actions. Compared to similar projects, this

project integrates more functions for reading and analyzing songs in a single interface.

The third research question was addressed through an analysis of the selected similar projects
and the implemented version system. The analysis revealed that in similar projects, the lyrics
versions are either located in different places or have an inconvenient design for direct
comparison. In the developed web application, the versions are collected in a single card and

include comparison functionality, significantly simplifying manual comparison.
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Further development will include scaling the project's song collection and functionality. This
may include introducing on-site listening, a built-in API for working with Al, and other

features that have not yet been defined.
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