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Abstract: Achievement of the quality of a choral piece
performance is possible provided that the ensemble sound
is maintained, the purity of the structure, the expressiveness
of timbres, dynamics, and the technical training of the choir
members are achieved. The aim of the study is to determine
the impact of digital technologies on the improvement of
choral performance, considering methods of sound processing
and work on a musical piece. The training of choral performers
was implemented using digital technologies - Vocalista (for
sound processing) and ChoralLine (for work on a musical
piece). The research results demonstrated that the students’
choir members were able to achieve a high level of vocal
emotionality (4.9 points), an ensemble nature of vocal parts
(4.8 points) and performance technique (4.6 points); it has
been found that digital technologies had a positive impact on
the development of musical ear (4.7 points) and memory (5.0
points). The article’s practical significance lies in the possibility
of expanding approaches to teaching choir members using
digital technologies. Prospects for further research include
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comparing the effectiveness of digital and virtual technologies
for processing musical sounds and musical pieces in general.

Keywords: ChoralLine. ensemble of vocal parts. emotionality of
performance. Vocalista. vocal synchronicity.

Resumo: A obtencdo de qualidade na execucdo de uma peca
coral é possivel desde que se mantenham a sonoridade do
conjunto, a pureza da estrutura, a expressividade dos timbres,
a dinamica e o treinamento técnico dos membros do coro. O
objetivo deste estudo é determinar o impacto das tecnologias
digitais na melhoria da performance coral, considerando os
métodos de processamento de som e o trabalho com a peca
musical. O treinamento dos cantores corais foi realizado com
o uso de tecnologias digitais - Vocalista (para processamento
de som) e Choraline (para o trabalho com a pec¢a musical). Os
resultados da pesquisa demonstraram que os estudantes inte-
grantes do coro atingiram um alto nivel de emotividade vocal
(4,9 pontos), de coesdo das partes vocais (4,8 pontos) e de téc-
nica de interpretacdo (4,6 pontos); constatou-se que as tecno-
logias digitais tiveram um impacto positivo no desenvolvimen-
to da percepc¢ao musical (4,7 pontos) e da memaoria musical (5,0
pontos). A relevancia pratica do artigo reside na possibilidade
de ampliar as abordagens de ensino de coros por meio do uso
de tecnologias digitais. As perspectivas para pesquisas futuras
visam comparar a eficacia das tecnologias digitais e virtuais no
processamento de sons e de pecas musicais em geral.

Palavras-chave: Choraline. conjunto de partes vocais.
emocionalidade da performance. Vocalista. sincronia vocal.
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1. Introduction

Choral performance is a collective art form that involves the
coordinated blending of different voices to produce a unified
sound (Densley et al., 2025). Choral performance is a multi-
level system that, through intonation, timbre, and rhythmic
characteristics, ensures synchronicity to create a musical image
(Cao and Ismail, 2025). The quality of choral singing depends
on the singers’ auditory control, which affects intonational
accuracy. The coordination of choral singing depends on
dynamic interaction and the ability to create accents. Minimal
deviationsinthe performance of some choir members affect the
“blurring” of the sound and complicate synchronicity (Zhukov
and Barrett, 2025).

A comprehensive artistic performance requires a certain
singing culture, technical training of singers, developed artistic
taste, emotionality, repertoire selected according to certain
criteria, and artistic expressive means of conducting technique.
The training process should be aimed not only at developing
the vocal skills of choral singers, but also at expanding cultural
knowledge and understanding the ways of interpretation of the
artistic image of a musical piece (Kambs, 2025). It is possible to
ensure high-quality training for choral singers by using digital
technologies that facilitate a wide range of approaches to
developing professional competence.

Despite the increasing integration of digital technologies
into music education, their application in choral performance
remains methodologically underdeveloped and insufficiently
justified. Contemporary research highlights the expansion of
digital tools, including Al-based systems, mobile platforms, and
interactive environments, which significantly transform vocal
pedagogy (Huang and Wang, 2026; Zhang et al., 2025). However,
these approaches are oriented toward solo singing, where vocal
parameters can be isolated and precisely controlled. Such a
focus limits its direct applicability to choral performance, which
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is inherently grounded in complex polyphonic interaction,
ensemble balance, and collective sound production. Existing
technological solutions rarely account for these features,
revealing a conceptual mismatch between the design of digital
tools and the specific ensemble singing (Turchet and De Cet,
2023).

At the same time, digital technologies demonstrate
clear pedagogical potential in choral contexts. They provide
expanded access to learning resources, enable flexible
rehearsal formats, and support analytical feedback on
intonation, rhythm, and sound balance. These capabilities can
contribute to the development of individual vocal accuracy
within the ensemble. Digital technologies provide a detailed
analysis of the performance and mechanisms for improving
or editing the musical piece. Specialized applications facilitate
the improvement of vocal skills by focusing on voice tuning and
compliancewith therequired rhythm and intonation (Wardani et
al., 2023). This allows for a focus on minimizing technical errors
to develop dynamics and emotional expressiveness. Focusing
on interactive exercises or video lessons facilitates expansion
of vocal skills. Digital vocal analysis allows to identify a lack of
synchronicity in joint performance, intonation mistakes, and
rhythmic inaccuracies. Digital singing recognition motivates
choir singers to adjust their vocal skills and interact with other
choir members. Therefore, this approach can have a qualitative
impact on the processing of an individual sound and musical
piece. Processing mechanisms aim to transform a musical
piece in accordance with the vocal capabilities of choral singers
(Hurley and Atkins, 2023). The process ensures work with sound
textures, adjustment of individual sound frequencies, pitch
changes, overall expressiveness of the composition, etc.

Nevertheless, their effectiveness remains limited due to
several critical constraints. Current systems show insufficient
capacity to process polyphonic textures and overlapping
vocal frequencies, which are fundamental to choral sound.
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As a result, technological feedback often prioritizes individual
correction over ensemble cohesion. Furthermore, the lack of
robust datasets and computational models for choral sound
analysis significantly restricts the accuracy and applicability
of such technologies (Narang et al., 2023). This indicates that
existing digital approaches may not only be insufficient but
potentially problematic when applied uncritically to collective
performance.

Therefore, the relevance of this study lies in the need for a
critical reassessment of the role of digital technologies in choral
practice. While their effectiveness in solo vocal training is well
documented, thereis an apparentlack of theoretically grounded
and empirically validated approaches tailored specifically to
choral performance. Previous studies have not sufficiently
addressed how digital tools influence key ensemble parameters
such as coherence, intonation alignment, and expressive
unity. Moreover, the absence of integrated methodological
frameworks that combine sound processing technologies with
ensemble-based pedagogy reveals a significant research gap.
Addressing this gap is essential for avoiding the uncritical
transfer of solo-oriented technologies into choral contexts.
Accordingly, the present study aims to evaluate the impact of
digital technologies on choral performance through sound-
processing methods and work on a musical piece.

To achieve this goal, the following research tasks were
formulated:

- to develop approaches to teaching choral singing with
the use of Vocalista and Choraline digital technologies, which
facilitate sound processing and work on a choral piece;

- to evaluate the level of choral performance of musical
pieces before and after the research according to the criteria
determined (performance technique, vocal emotionality,
ensemble of vocal parts);
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- to evaluate the effectiveness of learning approaches to the
improvement of musical ear and the development of musical
memory, which are interrelated with the quality of choral
performance, by the students’ choir members.

- to analyze the performance of arrangements of Ukrainian
folk songs by the students’ choir (as illustrated by a specific
example).

1.1 Literature review

The quality of the ensemble performance of a composition
is possible due to consideration of melodic, intonation, and
timbre features of the voices and reproduction of a unique
sound style. The use of melody variation techniques allows
the conductor to expand their creative intent. It is important
to ensure a balance between the vocal part and instrumental
accompaniment, rationality, and emotionality in performance
(Prokopov, 2019; 2022). The complexity of the piece affects the
quality of performance. The singing culture, preservation of
the artistic integrity, and essence of a musical piece are also
important. The created performance version of a piece can be
achieved because of the singers’ deep comprehension of the
musical text, an important level of technical and performance
skills, inspiration, and expressiveness (Prokopov, 2023). These
parameters collectively define the structural and expressive
integrity of choral performance and determine the conditions
under which ensemble coherence can be achieved.

Sound-processing mechanisms also directly affect the
quality of choral performance, particularly through intonational
variability, which influences pitch formation (Huseynova and
Seyidov, 2025). Timbre heterogeneity can lead to a “layered”
soundandalackofvocal blending, whiledynamicinconsistencies
contribute to unevenness and reduced synchronization
between parts (Cao and Ismail, 2025). As a result, the absence of
clear accents and cohesion becomes apparent, and inadequate
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sound processing may lead to deviations from the original
interpretation, affecting intonation, timbre, dynamics, and
rhythm.

In this context, the growing interest in methodological
integration becomes theoretically grounded. The first group
of articles for analysis concerned the combination of different
methods of choral singing formation with the use of innovative
technologies. The use of interactive technologies for vocal
education can be combined with work on voice production and
expression.Acombination oftwo methodsduringtrainingallows
choral singers not only to focus on vocals but also to understand
the meaning of music and embody it in their performance.
Such an approach ensures a transition from isolated technical
training to a more holistic model of choral pedagogy, in which
technological tools support both the analytical and interpretive
dimensions of performance. Thus, optimizing the vocal training
method involves using VSSA models to focus and refine
training, leveraging artistic effects that positively impact the
singer’'s emotions. The artistic effect contributes to the sensual
reproduction of music, which is especially important during folk
song performances (Huang, 2024).

Innovative vocal technologies foster creative thinking,
improve technical skills, and enhance artistry. However,
the best results in choral performance can be achieved
because of a combination of innovative technologies and a
compensatory approach. The compensatory approach aims to
create problematic situations during training to promote more
focused learning. The combination of approaches in education
ensures higher performance by choir members and improves
their motivation to develop their vocal and choral technique
(Shumska et al., 2024). The emphasis on combining low-level
methods to improve choral singing is also found in the study of
Batovska et al. (2023). The expansion of traditional performing
functions is possible using practical interactive methods (audio
analysis, audio selection) and an interdisciplinary, sociocultural
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approach. This approach is reflected in a better understanding
of intonation principles, an enrichment of technical means,
improved sound quality, and greater expressiveness in
singing. In the study of Aderogba (2025), it was found that the
combination of innovations and a compensatory approach
affect not only the quality but also the endurance of singing.
This is associated with adjustments in breathing, emotional
regulation, and pedagogical systematicity. The combined
approach to teaching choral singing affects the consideration
of technique and empathy of performance. Awareness of the
artistic, professional features of choral performance problems
on the coherence of singing (McAllen et al., 2026). Thus, a
combination of different educational methods can facilitate
better results. However, the regular use of a compensatory
approach can create an additional burden on choir members,
leading to decreased motivation. In the training process, it is
necessary to alternate approaches to achieve better results.
The development of the singing voice through the application
of digital technologies enables the implementation of more
accurate methods for humming and sound transmission. Digital
technologies enable a detailed approach to analysis, enhancing
the experience of song performance and vocal processing. The
approach contributes to vocal aesthetics and to the selection of
effective strategies for continuous voice improvement (Hughes
and Knowles, 2024).

The peculiarities of combined rehearsals of singers in a
choir are analyzed in the next group of scientific papers. Cloud
storage services - such as Zoom and Google Drive - can be
used to improve a choir's rehearsal process. The storage of
video and audio recordings in an accessible format enabled the
synchronization of distance training. The process involved not
only the reproduction of musical materials but also their edition
to achieve vocal individuality. A comparison of students’ choir
members’ results using traditional and technological learning
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approaches showed a 5% advantage for the second approach
(Zhang, 2023). Cloud storage can be used as an additional tool
during the training process. However, the choice of specialized
applications enables better results. The training of choristers
should first focus on breathing techniques. This will affect
flexibility and sound quality, but only if the conductor’s gestures
are correctly perceived. Preparation of vocal combinations can
be regulated using video stimuli. Digital technologies enable the
use of congruent and incongruent combinations of gestures,
helping choir members understand the conductor’'s movements
and their combination with the voice (Platte et al., 2024).

In the next group of works, attention is paid to the research
of the processes of musical piece processing to achieve higher-
quality results. During vocal education, it is possible to use
new or transformed musical pieces that yield high-quality
vocals. Work on musical pieces contributes to choristers’
independence and to the regulation of listeners’ emotions.
The use of various applications facilitates the application of
principles to a musical piece and the understanding of more
precise mechanisms for its interpretation (Eusterbrock, 2023).
The vocal technique is important for the performance of choral
compositions, particularly arrangements of folk songs, which
are often characterized by a wide range of melodic phrases
and profound meaning. For this purpose, singers shall become
aware of the fundamentals of the vocal technique during
training to improve the sound of their voices. Therefore, it is
necessary to develop detailed courses to teach students to sing
across different registers, to study the timbre capabilities of the
voice, and to master breathing practices. The additional use of
innovative technologies will allow for determining the timbre
features of the future performer’s voice and direct the vector of
performance capabilities (Dai and Hu, 2024).

Choral performance should aim to ensure high-quality
linguistic and musicological features that are interrelated
with the repertoire. Consideration of linguistic and ideological
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indicators in education affects emotional performance and
enables better transmission of stylistic musical models (Konert-
Panek and Gradowski, 2024). These indicators reflect the aspects
of work with the repertoire, but in research, the peculiarities
of the transformation of musical pieces have not been clearly
studied to expand the capabilities of students’ choir members.

The Vocaloid virtual application can facilitate improvements
in the vocal performance of opera and folk songs. The Vocaloid
application facilitates the determination of musical genres
for the aesthetic reproduction of images during vocal singing.
An important feature of Vocaloid is an opportunity for choral
singers to interact with virtual idol characters (Roussel, 2024).
Virtual technologies can facilitate teaching to sing. However,
their use is expensive, making it difficult to implement in the
educational process among many students.

Based on an analysis of published articles, it was possible to
identify the use of various methods of teaching choral singing.
They arerelated to the use of digital technologies, a combination
of two teaching methods, or consideration of certain elements
that need to be addressed for the development of choral skills.
At the same time, insufficiently studied issues are ways to
adapt selected teaching methods, mechanisms for using digital
technologies that require detailed clarification.

2. Methodology

The methodological design is justified by the experimental
pedagogical framework aimed at evaluating the impact of digital
technologies on choral performance. The study integrates a
structured intervention (Vocalista and ChoralLine), longitudinal
training (20 weeks), and multi-criteria assessment (performance
technique, vocal emotionality, ensemble coherence, musical
ear, and memory). The use of combined teacher evaluation
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and automated digital feedback enables methodological
triangulation, while statistical procedures (Student’s t-test,
Cronbach’s Alpha, Spearman’s correlation) ensure quantitative
validation of results.

2.1 Research design

The first stage of the research was aimed at implementing
a training program for choral singers. Therefore, the authors
developed teaching approaches aimed at achieving vocal
purity and expressiveness. Thus, considerable attention in the
educational process was paid to work with the repertoire and its
adaptation to the voices of the choir members. The tools used
to implement the training process were digital technologies:
Vocalista (for sound processing) and ChoralLine (for working with
the repertoire). The choice of these applications for training was
made with the educational tasks in mind, which involved not
only the development of an ensemble nature of vocal, but also
individual work on sound processing and musical composition.
Attention was paid to adaption of their interactive capabilities
for the learning approach and a certain learning pace. Feedback
from the applications and the quality of such feedback were
also considered. In total, about fifty digital technologies were
analyzed to ensure the training process.

The Vocalista application provided students’ choir members
with personalized vocal exercises tailored to each choir
member’s vocal range. Using the application made it possible to
control the correctness of each note, performed by the choral
singers. Attention was also paid to tracking progress, with
consideration of the purity of performance within a particular
range. The application contributed to adjusting the dynamics
and timbre of the performance and to avoiding additional noise.
The Vocalista application was primarily used to work on diction
and clarity of intonation as well as emotional expressiveness of
the voice production.
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The ChoralLine application facilitated rehearsals and work
with a specific repertoire. The interaction of the students’
choir members with the application primarily involved
learning a specific musical piece and achieving a high level of
performance. This facilitated improvements in the accuracy
and expressiveness of the singers’ vocals. Work with vocal parts
involved not only vocal correction, but also adaption of the
musical piece to the singers’ capabilities. This provided a more
personalized approach with work on volume and pitch. The
application allowed users to listen to and compare different
versions ofamusical piece, facilitatingthe search for appropriate
ones. A crucial element of the application’s functionality was
the ability to create your own variations of vocal parts. This
approach facilitated the regulation of the ensemble of vocal
parts, ensuring a convenient learning pace. The presence of
an interactive voice assistant contributed to better information
assimilation. For deeper learning, the application enabled
analysis of a specific vocal part performed by a professional.
The Choraline application was used in training to work on
understanding the musical piece’s content and the ensemble
nature of the vocal parts.

The training lasted 20 weeks, from September 2024 to
January 2025. The training process included individual and
group work with vocalists, involving constant interaction with
the Vocalista and Choraline digital technologies.

The second stage of the research included an assessment of the
choral performance of musical pieces. The evaluation identified
three criteria (performance technique, vocal emotionality, and
ensemble of vocal parts) as having the greatest impact on the
overall quality of the choral sound. The assessment of the
performance technique involved a comprehensive approach,
including proper breathing techniques. The assessment of
intonation during singing was also considered, with a focus on
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the preservation of vocal purity in both simple and more complex
musical pieces. The performance technique also included an
articulation assessment that influenced the overall quality of
the choral performance. Vocal emotionality was determined
by the musical images conveyed and the emotional mood of
the musical piece. The assessment of vocal emotionality also
included the dynamics of performance, the appropriateness
of changes in vocal power, and the clarity of musical pauses.
The ensemble nature of the vocal parts included an assessment
of the interaction between the voices and the achievement of
a dynamic, timbre balance between them. The level of choral
performance of musical pieces was assessed by the teachers,
using the Vocalista digital application, because of the exercises.
The teachers assessed it through observation, which included
an analysis of the dynamics of the quality of the choral singers’
performances of musical pieces and their understanding of the
materials during rehearsals. The use of the Vocalista digital
application provided automatic tracking of the correctness of
the performance of musical pieces and voice control based on
interactive exercises for students’ choir members. The scores
from teachers and for the exercises in the Vocalista application
were grouped together, which provided an average value for all
members of the choir (5 - the highest score). According to the
scores received, the student’s t-criterion was calculated (O'Hara,
2025). The chosen statistical methods were aimed at verifying
the results, given the possibility of comparing the performance
of choral singers before and after the research. The calculations
assumed adherence to the normal distribution of data, which
is based on the expectation of a random variable. The use of
digital technologies in education was taken as an impact of a
random variable. The number of degrees of freedom was equal
to 3, so if a=0.05, the student’s t-criterion is equal to 3.18. If
the calculated value exceeds 3.18, the indicators will not be
interrelated.
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The third stage of the research aimed to evaluate the
effectiveness of digital technology-based learning approaches
for improving choral singers’ musical ear and developing their
musical memory. The assessmentincluded tests for memorizing
melodies (musical memory) and recognizing chords, intervals,
and their alterations (musical ear). Based on these tests,
completed by the students’ choir members, not only was the
possibility of developing musical ear and memory determined
using digital technologies, but also the possibility of assessing
the specific level of their development. Musical memory was
assessed through the memorization of short musical fragments
by ear and their subsequent reproduction, implemented as a
quiz. Additionally, it was planned to revise the musical fragments
and provide the choral singers with an opportunity to perceive
these changes. The assessment was aimed at an ability to
memorize melodies and rhythmic patterns. The process of
melody reproduction after perception by ear was implemented
at several stages - immediately after listening, an hour later,
and the next day.

The development of musical ear involved the perception
of musical sounds and intervals. It was also intended that the
students’ choir members repeat the musical rhythm proposed
for interpretation. Rhythmic repetition was applied to both
simple and more complex fragments. The level of improvement
in musical ear and musical memory was determined based on
testresults and teachers’ observations. The observation process
focused on comparingtheinitial and final results of the students’
choir members. The level of assessment of the effectiveness of
the training process for the development of musical ear and
memory among choral singers was conducted after all tests
were completed (before the results were received) and due to
the direct use of digital applications. Numerical indicators were
collected via e-mail that made it possible to track the receipt
of values from all students’ choir members within 24 hours.
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The reliability of the results was assessed using Test-Retest
Reliability, which involved receiving repeated results within a
week. The reliability was mathematically confirmed with the
use of the Cronbach’s Alpha coefficient, which was equal to
0.91 (confirming an important level of reliability) (Leiper, 2021).
The assessment was scored on a scale of 1 to 5. The results of
the effectiveness of the impact of digital technologies on the
development of musical ear and memory were also determined
with the use of the Student's t-criterion. However, it was
considered that the number of degrees of freedom was equal
to 2, so if a=0.05, the student’s t-criterion was equal to 4.30.

The fourth stage of the research included an analysis of
the performance of arrangements of Ukrainian folk songs by
the students’ choir. The folk songs “Kolo mlynu, kolo brodu”
and “Vyidu ya na horu” were chosen for performance. The
compositions were arranged directly by the choral singers in
the choir laboratory within 2 weeks, allowing them to apply
the knowledge they had gained. The arrangement of the
Ukrainian song “Kolo mlynu, kolo brodu” involved changes, with
the application of a more modern approach. This created an
opportunity to create musical accents due to changes in the
rhythm.Thearrangement ofthe song “Vyiduyanahoru”involved
the inclusion of a polyphonic composition. The arrangement is
aimed at ensuring ensemble singing and achieving melody. The
choice of two songs was related to the possibility of accurately
tracking the high artistic level of performance, which involved
analyzing the criteria for the quality of musical interpretation
and the synchronicity of the choir members’ voices. The quality
of the musical interpretation was related to assessment of
the performance technique, breathing, correct intonation,
the dynamics of voice development and preservation of the
necessary rhythm. The process included the possibility of
reproducing the necessary vocal techniques and musical
interpretation methods. The synchronicity of the voices was
related to the harmonious combination of the choral parts and
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to the ability to ensure a high level of performance in Ukrainian
folk songs. The maximum mark that teachers could give for the
performance was five points.

A standardized Performance Assessment Rubrics framework
(Kaufman et al., 2025) was applied to evaluate the student
choir's performance in Ukrainian folk song arrangements.
The assessment covered intonation, rhythm, interpretative
technique, articulation, and stage presentation, enabling
identification of factorswith the greatestimpacton performance
quality. The rubric further facilitated evaluation of intonational
stability, ensemble synchronization, interpretative consistency,
vocal diction unity, and performance confidence. This ensured
a more objective assessment of choral performance quality. As
the interpretative technique had been analyzed separately, it
was excluded from the rubric-based evaluation. All assessments
were conducted using a 5-point scale.

The validity of the results was verified using Spearman’s
rank correlation coefficient (Rexhepi et al., 2024) to assess
monotonic relationships among selected variables. The
calculated coefficient (p = 0.88) indicates an important level of
convergent validity. These results confirm both the correctness
of the calculations and the reliability of the dataset, supporting
the robustness of the analytical approach and its applicability
to similar empirical studies while reducing the risk of systematic
error.

2.2 Sample

The research involved 50 choir members from Kharkiv I.P.
Kotlyarevsky National University of Arts, studying the specialty
“Choral Conducting”. The sample of respondents included
students from the choir of all years of study. When selecting
the respondents, the emphasis was placed on the educational
institution to enable comprehensive involvement of choir
members in the training process. The advantages of choosing
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an educational institution also included the availability of the
discipline “Arrangement,” a choral laboratory where choral
singers could develop individual approaches to musical pieces
for further interpretation. Restrictions regarding one educational
institution were established to ensure equal learning conditions
for students’ choir members, which involved determining the
impact of digital technologies on the improvement of choral
vocal skills. The research also involved 10 teachers who
supervised the choral singers’ training process. All respondents
provided voluntary consent to participate in the research and
signed the appropriate agreements.

2.3 Statistical processing

Microsoft Excel software was used to process the numerical
results that allowed for preliminary processing of the data
received. The generation of spreadsheets facilitatedthe grouping
of results for more accurate calculations. Additionally, SYSTAT
was used to perform statistical calculations. The calculations
obtained with the software used served as a basis for creating
graphic and tabular material.

2.4 Ethical issues

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Ethical approval for
the study was obtained from the relevant institutional ethics
committee of Kharkiv I.P. Kotlyarevsky National University of
Arts. All participants received full information about the aim,
procedures, potential risks, and benefits of the study prior to
participation. Written informed consent was obtained from all
participants. Participation was voluntary, and individuals could
withdraw at any time without consequences. Confidentiality and
participant anonymity were ensured throughout the research
process.Personal dataweresecurelystored and used exclusively
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for research purposes. No procedures involving deception or
any form of physical or psychological harm were applied. The
study was conducted in accordance with established standards
of research integrity and ethical publication practice.

2.5 Research limitations

Several limitations are identified. The study is confined to
a single institutional context, which restricts external validity.
The sample size (n = 50 students; 10 teachers) is adequate
for within-subject statistical comparison but limited for
population-level generalization. The exclusive use of two digital
platforms narrows technological representativeness and limits
comparative analysis across alternative systems.

Sample size constraints are acknowledged. Although
the current cohort supports statistically significant pre-
post comparisons under controlled conditions, larger, more
heterogeneous samples would improve statistical power
and external validity. However, expansion was limited by the
requirement for controlled pedagogical conditions, uniform
intervention delivery, and continuous monitoring of digital tool
usage. Future research should address multi-site sampling to
enhance generalisability and validate scalability.

3. Results

Awareness of ways to adapt a musical piece for choral
performance has a positive impact on students’ choir
members. Therefore, the authors developed approaches to the
development of choral skills related to sound processing and
choral performance. The learning process was implemented
using Vocalista and Choraline digital technologies (Figure 1).
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Figure 1 - Learning approaches to development of choral skills with a focus on
the use of digital technologies for sound processing and choral performance

Work on developing the content
of & musical piece

Work on diction and purity of
intonation

Work on expressiveness of the voice
saunding

Woark on the synchronicity of singing

\ (i< <[4

The work on the musical piece’s content understanding was one
of the tasks during training of choral performers. The approach
ensured not only the analysis of musical scores but also the
analysis of concert performances. The work on the musical piece
aimed at a comprehensive approach that included an analysis
of its history of creation, a fragmentary study, and an analysis of
operational and artistically perfect interpretations. The analysis
of other choirs’ performances enabled a focus on different
versions of the musical piece. Thus, the choral singers have
developed an understanding of the musical piece’s peculiarities
and seek the most appropriate strategies for its meaningful and
expressive performance. The ChoraLine application facilitated
work with musical fragments, allowing the choristers to better
understand the imaginative and emotional sphere of a musical
piece and convey it to the audience. The work on diction and
intonation was aimed at achieving a high-quality choral sound.
The students’ choir members ensured work onindividual sounds
and syllables, focusing on clarity in pronunciation to generate
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a beautiful timbre. The work on diction was performed due to
the peculiarities of the figurative content of the text and music.
The transition from one range to another, ensuring the equality
of the sound, was related to the breathing.

The work on voice expressiveness aimed to change the sound’s
strength, to reproduce culminating elements, and to create
dynamiccontrasts. Therefore,workontimbretintwasenvisaged,
depending on the nature of the musical piece, and development
of associations was ensured to reproduce the contrast of sound
tint. This was achieved through rhythmic expressiveness, the
dynamism of each part, and a deeper understanding of the
musical piece’s artistic image. Microdynamics techniques were
also used. The flexibility of the performance was achieved
through improvisational approaches that transformed ordinary
musical forms and were implemented using the Vocalista
application. The work on vocal synchronization aimed to
coordinate the voices of all choir members, focusing on tempo
and intonation. Synchronized vocals ensured rehearsals were
conducted with a clear rhythm. Digital technologies were used
to record individual choir members’ voices and combine them
to assess the level of sound synchronization. This approach
was aimed at ensuring the vocal correction in practice. During
the training, the voices' synchronicity was achieved through
adjustments to each part's role, ensuring a high-quality choir
sound.

The effectiveness of the used Vocalista and Choraline
digital technologies was checked after 20 weeks of training.
To present clearer results, the levels of choral performance in
the students’ choir's musical pieces were compared before and
after the research. The criteria for comparison are presented in
Table 1.
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Table 1 - Level of choral performance of musical pieces by the students’ choir
during the research period

Before research After research
Performance Received Received ; value
indicator ecgve M <D ecgve M D p
points points
Perfi
erformance 38 | 0527 | 0.087 46 0875 |0.144| 3192 0.02
technique
Vocal emotionality 4.2 0.531 0.089 4.9 0.883 | 0.147 3.005 0.04
Ensemble natureof) 5 o | 115 | 086 48 0881 |0.145| -3215 0.01
vocal parts

Assessment of the level of choral performance of musical
pieces before and after the research demonstrated significant
progress in the student choir members’ achievements.
Comparison of the results before the beginning of the research
demonstrateslowerresults, whichisduetoalackofanimportant
level of the ensemble nature of vocal parts. Senior choristers
achieved a higher level of performance, but first-year choristers
did not have a clear idea of how to preserve synchronous vocals.
However, the unfamiliarity of the songs for the senior students’
choir members also contributed to mistakes in performance
technique, vocal emotionality, and overall ensemble cohesion.
The results of the research demonstrated the achievement of a
higher level of musical performance. This was reflected in the
synchronicity of the sound of musical phrases, an important
level of expressiveness and clarity of vocal.

The vocal emotionality was related to a change in dynamics
to ensure a more convincing interpretation of a musical piece.
Correct breathing technique and consistent practice ensured
improvements in the choristers’ performance capabilities.
The training process contributed to choral singers’ ability to
reproduce sound shades, ensuring the reflection of a specific
musical image. The achievement of emotional vocal was related
to the naturalness and ease of performance, which emphasized
the overall aesthetics of a particular musical piece. Due to the
choir’'s vocal emotionality, it achieved a high level of artistry.
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The ensemble nature of the vocal parts was also important after
the students’ choir members used digital technologies in the
training process. This contributed to vocal intensity through
breathing, articulation, and the rehearsal of musical pieces.
The vocal was characterized by the expressiveness of the vocal
parts, which ensured a dynamic balance. Development of these
skills after training was related to constant control over the
performance technique, which contributed to correct inhalation
and the ability to use improvisational approaches.

The effectiveness of the learning approaches was also
assessed by the choir members themselves. The evaluation
process involved consideration of the development of musical
ear and musical memory. The emphasis on these indicators
was determined by the possibility of ensuring high-quality
performance of a vocal piece (Table 2).

Table 2 - Level of choral performance of musical pieces by the students’ choir
during the research period

Received
Criteria values, M SD t p-value
points
Before research (in choral singers’ opinion)
Ear for music 4.1 0.739 | 0.123
- 1.819 0.05
Musical memory 3.9 0.725 | 0.120
After research (in choral singers’ opinion)
Ear for music 4.7 0.892 | 0.148
- 1.908 0.05
Musical memory 5.0 0.893 | 0.148
Level of development of choral singers
Ear for music 4.9 0.899 | 0.150
- 1.923 0.05
Musical memory 4.6 0.894 | 0.149

The development of musical ear and memory was related
to interactive study that ensured attention and feedback for
each student’s choir member. According to the choral singers,
detailed work on musical pieces and on each sound'’s processing
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ensured an expressive performance. The development of
musical ear allowed for a more holistic perception of a musical
composition and ensured its reproduction through listening.
Through active perception of musical pieces, choir members
developed skills in melodious performance and emotional
perception. Based on their developed musical ear, the choral
singers perceived the durations of sounds and pauses to be
considered during performance. The development of musical
ear influenced intonation accuracy, enabling corrections to
improve performance purity. Students were more focused
on participating in improvisational vocal work, emphasizing
constant voice control. Maintenance of a stable sound ensured
high-quality interaction of all vocal parts.

The development of musical memory ensured an ability
to recognize different musical pieces during the quiz. Thus,
the choir members performed songs more meaningfully and
were focused on the use of cause-and-effect relationships in
practice. Memory development influenced the understanding
and memorization of choral parts with a focus on expressive
and emotional performance. It also had an impact on better
work with musical texts, ensuring not only the memorization
of words but also the transmission of the main sense through
emotional reproduction. Choral singers could freely interact
with other members of the choir, focusing on flexible, organic
performance and on tonal and rhythmic changes. The students’
choirmembersbelieved that, based ontheir developed memory,
they could be guided in choosing the right ways to present a
musical piece. Confidence in their own knowledge helped them
reduce stress and maintain psychological stability during public
performances. Coordination between the conductor and the
choir, based on the development of musical memory, ensured
a more synchronized performance.
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Additionally, to determine the level of vocal skills of the
choral singers, the performance of arrangements of Ukrainian
folk songs “Kolo mlynu, kolo brodu” and “Vyidu ya na horu” was
analysed. The final analysis of the performance of arrangements
of Ukrainian folk songs is shown in Figure 2.

Figure 2 - Level of performance of arrangements of Ukrainian folk songs by
the students’ choir

B Kale mlynu, Kole brodu (before research) = Kodo mivoik Kobo brodu (before research)
# Vyidu va pa bory {after research ) Vviduva na hoty (after research )

T s el

p——

e

36

H—

e

05
o
o -
The quality of Yogal Intonstion By thamic Artculatory Stage
iEnkical sy i hrony ACCIUALY stabdaty clanty presaKe
R ETpretation

The performance of arrangements of the Ukrainian folk
songs “Kolo mlynu, kolo brodu” and “Vyidu ya na horu” by
the choral singers demonstrated achievement of high-quality
musical interpretation and synchronization of voices. The
performance of the arrangement of the song “Kolo mlynu,
kolo brodu” was characterized by the transmission of lightness
and the reflection of a moderate tempo. The use of melody-
acceleration approaches ensured the transmission of the
song's character. The performance was characterized by a
smooth start and build-up of voices, while maintaining clarity
of articulation and purity of intonation.
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One of the tasks of the performance of the arrangement of
the song “Vyidu ya na horu” was to achieve a bright, emotional
sound. Preservation of the medium tempo had a positive
impact on the performers’ deep understanding of the emotional
performance. The increase in dynamics ensured the sound of
the culmination and the overall emotional intensity. Thus, it can
be concluded that the use of digital technologies in teaching
choristers has a positive impact. The use of sound correction
and processing techniques for choral compositions has led to a
better understanding of vocal interpretation methods.

Thus, post-interventionresultsdemonstrated higher student
performance, which can be attributed to the implemented
instructional approach integrating digital technologies. Improved
quality of Ukrainian folk song arrangements was associated with
enhanced understanding of musical interpretation, systematic
work on diction, and increased intonational accuracy. Work on
timbraldynamicsimproved ensemble synchronization, resulting
in greater expressive consistency and greater performance
confidence. These outcomes were linked to the systematic
processing of acoustic parameters, which enhanced temporal
stability and reduced tempo fluctuations across choral parts.

4. Discussion

Recent research demonstrates increasing integration of
virtual technologies and Al-based systems into vocal and choral
education within constructivist and interactive pedagogical
paradigms. Virtual choir environments, Al-assisted vocal
training, and video-based collaborative analysis have been
shown to improve breath control, intonation accuracy, and
learner engagement (Doganyigit and Islim, 2021; Lariccia et al.,
2021; Ngobeni, 2024). However, these approaches primarily
operate atthelevel of individual vocal development or simulated
ensemble interaction, rather than within a fully structured,
repertoire-centered choral training process.
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In contrast, the present study is methodologically grounded
in a controlled pedagogical intervention design (a 20-week
training cycle) that uses two integrated digital tools (Vocalista
and ChoralLine), which were systematically embedded into
both individual and group rehearsal processes (Section 2.1).
Unlike studies focusing on isolated virtual environments, the
methodology combined individual vocal calibration (Vocalista)
with repertoire-based ensemble construction (Choraline),
allowing simultaneous development of technical accuracy and
collective coherence. This design directly addresses a limitation
in previous research, where digital tools are typically evaluated
in isolation from real choral rehearsal dynamics.

The findings of this study align partially with prior evidence
on Al and interactive feedback systems (Bhatt et al., 2023; Wang
et al., 2024), which report improvements in vocal precision
and expressive awareness. However, the methodological
structure of the present research demonstrates that such
improvements become more pronounced when digital feedback
is continuously integrated into repertoire adaptation and
ensemble synchronization tasks, rather than used as an external
corrective mechanism. This is consistent with the intervention
design described in Methodology, where Choraline was used
not only for rehearsal support but also for adapting musical
material to vocal capabilities and regulating ensemble balance.

The results further extend previous findings on digital
audio production and compositional tools. Studies employing
Logic Pro X and similar environments report improvements in
pitch accuracy and structural control of musical material (Lei,
2024), while DAW-based approaches emphasize compositional
optimization and sound design (Aydin and Sokezoglu Atilgan,
2024). However, these approaches are fundamentally
production-oriented and studio-based and therefore do not
account for the dynamic variability of live ensemble singing.
In contrast, the present methodology prioritized real-time
ensemble interaction, where pitch, timbre, and dynamics were
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continuously adjusted through collective performance rather
than post-production correction. This distinction is critical, as
choral performance quality in this study was evaluated through
live criteria (performance technique, vocal emotionality,
ensemble coherence), rather than digital sound output alone.

The integration of performance assessment methods
further strengthens the validity of the findings. The use of
standardized Performance Assessment Rubrics (Kaufman et
al., 2025), combined with teacher evaluation and automated
feedback from Vocalista (Section 2.1 and 2.1 assessment
framework), ensured methodological triangulation. This aligns
with the statistical processing approach described in Section
2.3, where Student's t-test, Cronbach’s Alpha, and Spearman’s
correlation were applied to validate both performance changes
and measurement reliability. The high internal consistency (a =
0.91) and convergent validity (p = 0.88) confirm the robustness
of the measurement framework (Rexhepi et al., 2024).

Importantly, studies on musical ear and memory
development(D6ger Gundulz, 2025; Howe etal., 2025)emphasize
cognitive gains from digital exposure, typically treating these
competencies as separate training outcomes. However, the
present study demonstrates that, within a structured choral
rehearsal system, musical memory, auditory discrimination, and
ensemble performance function as interdependent processes.
This is directly supported by the third stage of the methodology
(Section 2.1), where melodic memory tasks, interval recognition,
and rhythmic reproduction were integrated with real rehearsal
cyclesanddigital feedbackloops. The combination ofimmediate,
delayed, and repeated testing further allowed for longitudinal
tracking of retention and perceptual stability.

The performance of Ukrainian folk song arrangements
(“Kolo mlynu, kolo brodu” and “Vyidu ya na horu”) provides
additional empirical validation of the methodological model. As
described in Section 2.1 (stage four), these works required not
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only technical execution but also stylistic adaptation, dynamic
restructuring, and ensemble synchronization. The application
of digital tools supported controlled modification of rhythm,
timbre balance, and polyphonic structure. The observed
improvement in ensemble coherence and expressive stability
indicates that digital mediation is most effective when linked
to interpretative decision-making in repertoire-specific tasks
rather than in abstract skill training.

Overall, the literature reveals a fragmented approach to
digital choral pedagogy, treating vocal technique, cognitive
training, and technological tools as separate domains. The
present study addresses this limitation through an integrated
methodological framework combining longitudinal training,
dual-platform digital intervention, multi-criteria performance
assessment, and statistical validation procedures. This
structure provides a more ecologically valid representation of
choral performance conditions than previous simulation-based
or production-oriented studies.

Accordingly, the scientific novelty of this research lies in
three interconnected contributions: (1) embedding digital
sound-processing technologies (Vocalista, Choraline) into a
repertoire-centered and ensemble-driven pedagogical model;
(2) aligning technological feedback with real-time choral
interaction rather than individual correction; and (3) integrating
technical, emotional, cognitive, and collective performance
indicators within a unified evaluative framework. These findings
suggest that the effectiveness of digital technologies in choral
education is contingent not on their standalone capabilities,
but on their pedagogical integration into structured ensemble
practice.

5. Conclusions

The obtained results reflect the achievement of the
research aim and the completion of the defined tasks. Thus,
the relevance of the selected topic is confirmed through the
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demonstrated positive impact of digital technologies on choral
performance. The aim was achieved through the integration
of two digital tools: the Vocalista application supported sound
processing and individual vocal accuracy, while the Choraline
application facilitated repertoire adaptation to the capabilities
of choral singers. The learning approach was primarily focused
on understanding musical content, diction, and intonation
clarity, vocal expressiveness, and ensemble synchronization. As
aresultof theimplemented intervention, a higher level of choral
performance was achieved compared to the pre-study stage,
with ensemble coherence (4.8), vocal emotionality (4.9), and
performance technique (4.6) indicating overall improvement.

The study also confirmed the positive influence of Vocalista
and ChoralLine on the development of musical ear and memory.
The obtained results demonstrated elevated levels of musical
ear (4.9) and musical memory (4.6), which contributed to
improved performance accuracy, interpretative awareness, and
psychological stability during singing. In the performance of
Ukrainian folk song arrangements, high results were recorded
in ensemble synchronization for “Kolo mlynu, kolo brodu” (4.9)
and in the quality of musical interpretation for “Vyidu ya na
horu” (4.9), confirming the effectiveness of the applied digital
intervention.

The practical significance of the study lies in the improvement
of methodological approaches to choral training using digital
technologies, which may be applied in educational practice by
choir conductors and music educators. Research prospects will
consider the possibility of determining intonation deviations
and rhythmic synchrony in real time during the performance
of musical compositions across various genres. This will enable
the identification of performance-related issues and the
potential transformation of choral singing through advanced
digital technologies. Future research will focus on comparative
analysis of different interactive systems and their scalability to
larger choral ensembles.
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