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Introduction. The

neurocognitive

The article highlights the problem of updating methodological approaches to understanding
solo and choral vocal performance in the context of the digitalization of arts education and
professional communication. The main topic of the study is the neurocognitive paradigm as an
interdisciplinary artefact, within which the effectiveness of performance is considered through
the prism of the integration of auditory and emotional perceptions, motor actions and bodily
sensations, supported by mechanisms of attention, self-control and reflection.

The purpose of the article is to justify the expediency of referring to the ideas of the neuro-
cognitive paradigm for conceptualizing vocal performance as a system of interaction between
cognitive, emotional, and bodily processes in a culturally and communicatively conditioned
context, as well as to identify appropriate forms of digital technology implementation to
improve the quality of performance by singers and choir conductors. Particular attention is
focused on related types of performance — solo and choral — the commonality between which
is determined by the task of simultaneously solving phonation-technical, interpretative-artistic,
ensemble-communicative and stage-suggestive tasks and the need to self-regulate the psy-
chophysiological state in stage conditions, the solution of which causes increased cognitive,
artistic-creative and emotional-volitional stress.

The neurocognitive paradigm allows us to consider vocal performance not only through artis-
tic-interpretative, stylistic and methodological factors, but also through the mechanisms of
the brain and body, in particular multimodal-sensory-motor integration, neuroplasticity, inter-
oceptive-auditory sensitivity, developed attention, memory, reflection, and emotional self-reg-
ulation. Digitalization is interpreted as a factor in the restructuring of cognitive strategies of
self-control, self-analysis, and improvement of the quality of vocal performance and conduct-
ing, as well as the mastery of solo and choral repertoire. An interdisciplinary approach con-
tributes to the integration of the neurocognitive concept and digital technologies and, thus, to
improving the quality of stage and performance activities of solo vocalists and choir singers.
Examples are given of technology-based self-analysis of the quality of a singer’s phonation
and mechanisms for using digital music notation programs, which help choristers to learn
complex choral works, in particular in terms of intonation properties and polyphonic texture.
Keywords: vocal, choral performance; choral conductor, neurocognitive paradigm, digital-
ization, reflection, emotional-volitional self-regulation, interdisciplinary approach, stage and
performance activities.

paradigm humans and the rapid expansion of the digital envi-

of musical performance in the era of digitalization
emerges as a response to two interrelated trends
in contemporary arts education: the intensification
of interdisciplinary integration of knowledge about

ronment of professional communication.

Traditionally, musical performance has been
understood through the prism of artistic interpreta-
tion, stylistic and methodological factors. However,
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there is now a growing need to explain its essence
and effectiveness in terms of neurocognitive mecha-
nisms that manifest themselves in the characteristics
of multimodal-sensory-motor integration, artistic-emo-
tional self-regulation, interoceptive-auditory sensitiv-
ity, and neuroplasticity (Z. Piao, G. Xia, 2022). It is
in this perspective that the development of memory,
musical thinking, artistic-associative representations
and reflection is actualised, and the concentration of
attention and the ability to distribute it between audi-
tory representations and the actual performance pro-
cess are enhanced (Cox, 2016).

In this context, digital technologies should be inter-
preted not as an external “addition” to traditional per-
formance practice, but as a factor that reorganizes
cognitive strategies of self-control, self-analysis and
planning of one’s own performance self-improvement,
as well as facilitating the process of mastering the
musical repertoire through the use of analytical and
digital feedback methods, music notation software,
electronic instruments and Al capabilities to enrich
and update corrective performance procedures (Ashi-
khmina, Melnichenko 2025; Nikolai, Linenko, Koehn
et al., 2019) and the implementation of the provisions
of an interdisciplinary approach and the organisation
of the educational process on the basis of interdisci-
plinary coordination.

Literature review. The methodological basis of the
article is the neurocognitive paradigm, which emerges
as an interdisciplinary approach within which human
activity and behavior are explained through the inter-
action of cognitive processes that provide perception,
attention, memory, thinking and imagination, as well
as the mechanisms of prediction and decision-making
through their neural mechanisms (Dehaene & Nac-
cache, 2001).

In the context of musical performance, its essence
lies in the fact that musical and psychological pro-
cesses are analyzed not as abstract ‘internal states,’
but as dynamic modes of brain functioning that are
realized through the interaction of functional networks
that integrate sensory information, motor actions,
emotional responses, and mechanisms of control and
self-improvement (Gilman, 2014).

Central to this view is the idea of neuroplasticity
as the basis for achieving a high level of mastery
through the brain’s ability to restructure neural con-
nections through training and purposeful practice.
Unlike purely psychological approaches, the neuro-
cognitive perspective emphasizes the bodily nature
of cognition, allowing us to consider thinking, imagi-
nation and emotions in close connection with senso-
rimotor organization, proprioception and interception,
thereby ensuring the integration of external motor-
auditory reactions and coordinating them with inter-
nal body signals (muscular, respiratory, vibrational,
visceral). As scientists note, it is these processes that
form the subjective self-awareness of singers and
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choir conductors, influencing their physical and psy-
chological state, in particular, muscle tone, the quality
of phonatory breathing, the expressiveness of facial
expressions and gestures, as well as the degree of
anxiety before a stage performance, thereby regulat-
ing affective processes and the quality of the realiza-
tion of performance intentions.

In vocal performance practice, these influences
manifest themselves through the sensation of breath
support, awareness of the bodily “map” of resonant
and articulatory settings, and the kinesthesia of pho-
natory, facial, and gestural actions, etc. These provi-
sions are embodied in the concept of “body mapping”,
which is based on rhythmic-playful physical activity
and exercises for the development of cognitive, motor,
and communication skills, improvement of motor
coordination, attention, memory, and communicative-
empathic properties (Gilman, 2014).

The involvement of singers in body training corre-
lates with the principle of embodied cognition (Craig,
2002) and is significant as a way of improving the
sense of bodily resonance, strengthening singing
skills on support, and improving motor coordination
by combining the sensory, emotional, and cognitive
components of singing. In addition, the role of sensory
intelligence is emphasized, which scientists associate
with the importance of trusting one’s feelings while
singing and relying on them as a source of informa-
tion about phonation-vocal coordination and the basis
of artistic intuition in the process of performing an
artistic-interpretative idea (Cox, 2016).

Thus, in the artistic sphere, the neurocognitive
paradigm allows us to consider performance pro-
cesses as holistic systems formed by the combina-
tion of auditory apperceptive representations and
motor actions aimed at the musician’s emotional and
expressive embodiment of the performance and inter-
pretative concept of a musical work.

An important component of the neurocognitive
paradigm is its socio-communicative vector: musical-
cognitive processes do not unfold in isolation, but in
interaction with other subjects of activity in specific
socio-cultural conditions. Hence, the mechanisms of
reflection and self-regulation are naturally actualized,
in particular, conscious control of vocal microtech-
nigue, performance and expressive actions, external
means of embodying artistic and performance inten-
tions, and emotional and volitional self-control during
preparation and in the process of public performance.

Purpose of the article is to justify the expedi-
ency of referring to the ideas of the neurocognitive
paradigm, which allow conceptualizing musical per-
formance activity as a system of interaction between
cognitive, emotional and bodily processes mediated
by cultural context and artistic tasks, as well as to
identify appropriate forms of digital technology imple-
mentation to improve the quality of soloists’ and choir
singers’ performance.
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Research methodology. The achievement of this
goal is based on the principles of the neurocognitive
paradigm, the implementation of which is ensured by a
complex of scientific approaches, in particular, interdisci-
plinary, integrative, etc., as well as a complex of modern
ICT technologies, the synergy of which lays the foun-
dation for improving the effectiveness of the performing
and performing skills of vocalists and choir singers.

Results and discussion. A synthesis of literature
and practical experience shows that the possibili-
ties for solving these tasks at the present stage are
significantly expanding thanks to the enrichment of
established methods for singers and choir conduc-
tors to improve their performance skills by taking into
account the guiding principles of the neurocognitive
paradigm. The use of somatic and suggestive trends,
VR (virtual reality) technologies to acquire stable per-
forming attention, emotional and volitional self-regu-
lation skills, and self-correction in conditions of stage
stress (Pengfei Yang, 2024) plays an effective role in
their implementation, as well as the use of Al support
tools and digital means of automated analysis of vocal
manifestations and feedback (Koehn, 2024; Pet-
tersen, Westgaard, 2005; Yu Funk, M. Hu & Q. Wang
et al., 2018).

The latter include digital devices, programs and
resources that work with digitized sound, musical
notation and audio data. The use of these capabili-
ties in the process of information exchange through
networking, sharing, remote interaction and content
transfer transforms these tools into a type of musi-
cal information and communication technology (Var-
navska, 2012). In our opinion, the most relevant digi-
tal tools that provide new opportunities for improving
performance skills include: notation tools and working
with digital scores; analytical tools for audio recording
and visualization of performance parameters; media
technologies for processing audio and video materi-
als for the purpose of self-control, self-analysis and
self-correction.

The least “costly” in terms of resources and rela-
tive complexity for future specialists in digital technol-
ogies to master in performance practice is the imple-
mentation of digital notation of musical works. For this
purpose, music notation editors are used, in particular
Sibelius, Finale, MuseScore, etc. The latter, in our
opinion, is the most accessible and at the same time
sufficient in terms of functionality to solve a significant
part of professional tasks for both soloists and choir
singers and conductors.

MuseScore is used to typeset and lay out musical
texts, transpose works, and enable various forms of
work with scores, including creative tasks (Ship, Mel-
nichenko, 2022). In addition, music notation editors
have tools that facilitate the study of vocal or choral
parts, including the mastery of new rhythmic patterns,
complex intonation turns, and phrasing features in
melodies with asymmetrical structures, etc.

The interactive format of the MuseScore mobile
app allows you to follow the score as it is played,
change the tempo, and, if necessary, loop a short
segment of the musical text for continuous repetition.
This allows musicians to listen to complex episodes in
more detail and repeatedly, to better memorize them,
and to interact with their electronic reproduction, grad-
ually automating the necessary skills.

Another valuable feature is the ability to listen to a
selected accompaniment part in order to focus on the
harmonic language and elements of polyphony in the
accompaniment.

We should also note the possibility of isolating and
listening to (singing along with) both a specific choral
part and various options for combining it with other
voices, textural elements, or the score of the work as
a whole, which is a significant aid in mastering com-
plex polyphonic works for both singers and choral
conductors.

A wonderful addition is the perception of the audio
recording of the work in combination with the simul-
taneous visual representation of the musical text of
the score. The interactive format of the MuseScore
mobile application allows you to follow the score while
it is being played, change the tempo as needed to pay
detailed attention to complex episodes, etc.

It should be noted that there are a significant
number of online scores available in the MuseScore
library. Although the sound quality does not fully cor-
respond to the natural timbre and the dynamics of the
musical material, this example is useful for practic-
ing rhythmic accuracy and understanding the overall
structure of the piece, its texture and the dynamics of
the musical material.

From this point of view, it is advisable to refer to
video recordings in the Music with score animation
format, an example of which is the recording of Zol-
tan Kolai's work “Adventi ének”, posted on YouTube
(https://www.youtube.com/watch?v=4KmgalzqwGU).

If the required example is not available in the public
domain or it is necessary to create a score animation
for a piece from your own repertoire, i.e. an animated
display of the musical text synchronized with the
sound of the piece, you can create it yourself using
video editors (e.g., CapCut, OpenShot, etc.), using
them as a tool for visualization and self-analysis.

It is advisable to use programs that allow you to
record your voice (Dykun, 2018) and analyze the
sound quality according to objective parameters. One
example of such analysis is the ability to rely on the
construction of a spectrogram of the fundamental
tone (FO / pitch) and the visualization of the melody
performed by the singer according to the parameters
of pitch-intonation movement in combination with its
unfolding in time. Programs such as Vocal Pitch Moni-
tor, Sonic Visualiser and others can be used as tools.
Their capabilities allow you to visualize the fundamen-
tal frequency of sound (FO), measured in hertz (Hz),
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which corresponds to musical perceptions of pitch. On
the graph, the change in FO is represented as a line that
unfolds in an upward/downward movement, reflecting
the change in pitch; the waveform (change in line thick-
ness) also characterizes the articulatory homogeneity
of the sound and the quality of the vibrato. If there are
visual “drops” in the graph, this most often indicates
the presence of unvoiced fragments, which can be
explained by overly long pronunciation of consonants,
significant pauses between inhalation and sound
attack, insufficient mastery of singing on support, etc.

It is important to note that FO is not an indicator
of loudness (loudness is described by intensity, usu-
ally in decibels) and does not characterize timbre:
timbre is formed by the ratio of harmonics and for-
mant zones, while FO forms the basis of the harmonic
series. In addition, it should be noted that for the cor-
rect determination of FO, it is advisable to set the pitch
search range according to the type of voice: male —
50-300/400 Hz; female — 100-500/600 Hz; child —
150-700/800 Hz (sometimes higher).

A rough algorithm for self-analysis can be pre-
sented as a sequence of the following steps: record-
ing a fragment in a quiet room while maintaining a
stable distance from the microphone; construct a
spectrogram and enable FO tracking with the range
adjusted to the voice type; interpret the results based
on the following characteristics: FO accuracy and
stability; presence of “approaches”/glissando; attack
characteristics; vibrato parameters; absence/pres-
ence of “drops”.

Mastering digital self-analysis tools is particularly
important for singers given the phenomenon of “vocal
confrontation”, i.e. the incomplete coincidence of the
internal perception of one’s own voice with the actual
external sound, which complicates adequate self-
assessment and self-correction. Therefore, visualiza-
tion of FO and spectrograms shifts self-assessment
from the level of general impressions (“good/bad”) to
the level of controllable parameters that characterize
the quality of performance according to certain cri-
teria — intonational stability, the nature of the sound
attack, the presence/absence of “approaches”, the
quality of vibrato, etc.

At the same time, it is important to realize that
obtaining such information is only the first step towards
improving the quality of singing: vocal technique relies
on subtle muscle sensations and coordination of
micro-movements, so further improvement requires
intensifying search activities and their proprioceptive
and auditory self-assessment, i.e. combining neuro-
cognitive principles of unity of thought, reflection on
polymodal and sensory-motor actions with digital
ICT as a practical tool. On this basis, effective tech-
nigues for correcting identified deficiencies should be
selected and means of high-quality phonation should
be identified, with their subsequent algorithmic rein-
forcement and automation.
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It is also useful to perform a comparative analysis
of the obtained analytical graphs of one’s own perfor-
mance “before” and “after” to determine the degree
of success/failure of the self-improvement techniques
used. Thus, the objective identification of performance
and technical problems enables more targeted cor-
rection of actions related to specific elements of pho-
nation technology: vocal position, articulation, breath-
ing quality, sound attack, sound control, etc.

Therefore, mastering these technologies increases
the singer’s ability to self-regulate and self-correct
on the path to success in the process of stage and
performance activity, and allows the choir conductor,
if necessary, to identify individual problems specific
to choir performers and provide them with specific
advice on self-improvement of singing skills.

This gives reason to assert that digital technologies
are not only an auxiliary resource, but also a factor
that reshapes the cognitive strategies of planning,
conscious control, and self-improvement by future
specialists in the field of vocal and choral artistry and
performing skills.

Conclusions and prospects for further
scientific research. Turning to the neurocognitive
paradigm allows us to more accurately understand
the essence and mechanisms of performing
activities in the field of vocal and choral art as a
holistic interaction of cognitive, emotional, and bodily
processes. Digitalization tools, in turn, provide a
practical combination of data from neuroscience
and music psychology with the real conditions for
improving professional skills in rehearsal and stage
performance activities.

From this perspective, the application of
neuropedagogical principles and digital music
technologies and their integration enhance the
controllability of the creative process, expand
the possibilities for self-control, search and self-
improvement activities, and stimulate the use
of innovative and effective means of eliminating
identified shortcomings with subsequent verification
of the effectiveness of one’s actions.

Thus, taking into account the principles of the
neurocognitive paradigm and applying the capabilities
of ICT lay the foundation for improving the quality
of vocal and performing activities of vocalists and
choir members in the context of the ongoing process
of digitization of modern arts education. Further
prospects lie in turning to the ideas of the somatic
approach and improving the emotional intelligence
of performing musicians through the use of modern
innovative technologies.
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Y cmammi sucsim/ieHo npobsemMy OHOB/IEHHSI MemOoA0sI02iYHUX Mi0X00i8 00 OCMUC/IEHHS
CO/IbHOI | XOPOBOI BOKa/IbHO-BUKOHABCLKOI Oisi/IbHOCMI 8 YMOBax yughposizayii mucmeybKor
ocsimu ma npogbeciliHoi KomyHikayii. OCHOBHOI MeMOK 00C/TIKEHHS € HelpoKo2HImuBHa
napaduema siKk MxoucyuniiHapHull apmecghakm, y Mexax sikoeo echeKmusHICmb BUKOHaB-
cmBa po32/150aembCsi Yepes npusMy iHmezpauii C/lyxosux, eMoyiliHuX ysiB/leHb, Pyxoso-
MOMOpPHUX Bili i MinecHuUXx siodymmis, Wo nNidmMpUMyHOmbCsi MEXaHi3Mamu yBaau, CaMOKOH-
mporio U peghrexcil.

Mema cmammi nosisizae 8 06rpyHmysaHHi 0oyisibHOCMI 38epHEHHs1 00 i0ell HelipokoaHImus-
Hoi mapaduemu 07151 KOHyenmyarsiayii BOKa/IbHO-BUKOHABCLKOI Oisi/TbHOCMI SIK cuCmeMU 83a-
€MOOI KO2HIMUBHUX, eMOUItHUX ma mifiecHUX Mpoyecis y Ky/ibmypHoMy U KOMyHIKamusHO
3YMOB/IEHOMY KOHMEKCMI, @ MakKoX y BU3HaYEeHHI 00Yi/IbHUX ¢hopM yrpoBadkeHHs Yughpo-
BUX mexHos102ili 3a0/151 MIOBULEHHS SIKOCMI BUKOHABCLKOI disi/ibHocmi criisakig. Ocobnusy
yBazy 30cepeoXeHo Ha CriopiOHeHUX BUOaxX BUKOHaBCMBa — CO/IbHOMY ma XopOBOMY, Cli/lb-
Hicmb MK SIKUMU BU3HA4YaEMbCs1 3aB0aHHsIM 0OOHOYaCHO20 PO3B’s3aHHs1 (hoHailHO-MeXHIY-
HuX, iHmMeprpemayitiHo-XyOoXHiX, aHCaMb/1eB0-KOMYHIKAMUBHUX i CUEHIYHO-CYy2eCmUBHUX
3aday ma nompe6oro 30ilicHIBamu camopezy/isiyito Ncuxoqisiono2iyHo20 cmaHy y CUeHId-
HUX yMOBaXx, BUPIWEHHS SIKUX BUK/IUKAE MiOBULEHE KO2HIMUBHE, XYOOXHbO-mBOopYe ma emo-
YiliHO-80/1b0BE HABAHMAXKEHHSI.

HelipokoeHimusHa napaduema 0ae 3Moey po32/isi0amu BOKa/IbHE BUKOHaBCMBO He /uwe
uepes XyooxHbO-iHmeprpemauyilHi, cmuaicmuyHi ma MemoOuYHi YUHHUKU, asie U depe3
MexaHi3Mu pobomu MO3Ky U mina, 30kpema My/bmuMo0asibHO-CEHCOMOMOPHY iHmeapa-
yito, HeliporiacmuyHicms, IHMepPoYernmusHo-aydia/ibHy 4Yymsusicms, PO3BUHEHI yBagzy,
nam’sms, pechbriekcito ma emoyitiHy camope2ynsyito. Ljughposisayis mpakmyemscsi K YUH-
HUK repebydo8u KO2HIMUBHUX cmpameaili caMOKOHMPO/I0, camoaHaslidy U yOOCKOHa/IEHHSI
SIKOCMI BOK&/1IbHO-BUKOHABCHKOI Qisi/IbHOCMI ma OraHyBaHHs crisakamu CO/IbHO20 | XOpOoBO20
penepmyapy. MixoucyunniHapHuli nioxio crpusie iHmezpauyii HelipOKO2HIMUBHO20 KOHYernmy
i yughposux mexHos02ili i mum camumu — NIOBULEHHIO SKOCMI CYEHIYHO-epchopMamusHOI
0isi/IbHOCMI co/licmiB-BOKaszlicmig | XopoBUX CriiBakis. HasedeHo npukiaou mexHo/102i3osa-
HO20 camoaHai3y sikocmi ¢hoHayitiHux dill criisaka ma MexaHi3Mis BUKOPUCMAaHHST Yughposux
HOMHO-2pachidHUX npoepam, 38EPHEHHST 00 SIKUX CMPUSIE BUBHEHHIO XOpUCMaMU CKIa0HUX
XOPOBUX MBOPIB, 30Kpema 3a iIHMoHayitHUMU 81acmuBOCMSIMU i MO/TiIGhOHIYHOK chakmyporo.
Knrodosi cniosa: Boka/ibHe, Xopose BUKOHABCMBO, Helipoko2HimusHa napaduama, 4ugposi-
3ayisi, pech/iexcisi, eMoyitiHo-80/1b08a caMmopeay/isiyis. MxoucyuniHapHUl nioxio, CYeHIHHOo-
nepghopmamusHa Oisi/ibHiCMb.



