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Abstract: Regarding the context of creating an interactive
learning environment, the impact of bel canto vocal pedagogy on
the development of performance abilities among Chinese vocal
students was studied. Based on the analysis method, the authors
identified the advantages of using IoT devices for studying the Bel
Canto technique by calculating the significance coefficient. The use
of loT devices for studying the Bel Canto technique contributes
to training in breath control (2.557), standardization of musical
sounds (2.518), development of vocal power (2.493), expansion of
phoneticresonance (2.397), and vibrant expressiveness (2.009). The
implementation of voice sensors facilitates detailed monitoring and
analysis of students’ vocal techniques. These technologies enable
instructors to provide more precise and timely recommendations,
enhance students’ technical skills, and accelerate their progress. It
is crucial to investigate the pedagogical and social aspects of loT
integration in music classes and the economic efficiency of these
solutions. Standardized methods for assessing the effectiveness of
loT systems in music education need to be developed, and optimal
approaches for their integration into traditional teaching methods
must be determined.
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Resumo: Em relagdo ao contexto de criagdo de um ambiente de
aprendizagem interativo, foi estudado o impacto da pedagogia
vocal do bel canto no desenvolvimento de habilidades de desem-
penho entre estudantes vocais chineses. Com base no método de
analise, os autores identificaram as vantagens do uso de disposi-
tivos IoT para estudar a técnica Bel Canto calculando o coeficiente
de significancia. O uso de dispositivos 10T para estudar a técnica
Bel Canto contribui para o treinamento em controle da respiracao
(2,557), padronizacdo de sons musicais (2,518), desenvolvimen-
to de poténcia vocal (2,493), expansdo da ressonancia fonética
(2,397) e expressividade vibrante (2,009). A implementacdo de
sensores de voz facilita o0 monitoramento e a analise detalhados
das técnicas vocais dos alunos. A utilizacdo dessas tecnologias
permite que os instrutores fornecam recomendag¢des mais preci-
sas e oportunas, aprimore as habilidades técnicas dos alunos e
acelere seu progresso. E crucial investigar os aspectos pedagogi-
cos e sociais da integracdo da loT em aulas de musica, bem como
a eficiéncia econdmica dessas solucdes. E necessario desenvolver
métodos padronizados para avaliar a eficacia dos sistemas de loT
na educacdo musical e determinar abordagens 6timas para sua
integracdo em métodos de ensino tradicionais.
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1. Introduction

The active interaction of musical cultures resulted in changes
in the techniques of teaching vocal skills at the end of the 20th
century and the beginning of the 21st century. Bel Canto is one such
performance technique (Quin, 2021). The concept of “Bel Canto”
implies a technique of virtuoso performance, which provides for
the transition of smoothness of sounds, saturation of sound, and
mobility of melodic patterns (Yu, Krom, 2018). In Chinese music,
the Bel Canto technique directly relates to the Western style of
performance, built with academism (Ho, 2018). The genesis of the
bel canto technique is intricately linked to the manifestation of
elevated standards in vocal performance, which are intertwined
with technical precision and artistic mastery.

Furthermore, the canto technique is associated with the
inherent nature of the human voice, specifically directed towards
the rendition of high notes. Bel canto technique is characterized
by exemplary singing, wherein substantial attention is accorded
to the timbre of the voice and a high level of artistic finesse.
Consequently, applying the bel canto technique can be extended
to interpreting Chinese compositions, which are known for their
brilliance, virtuosity in sound, and elevated levels of artistic
expressiveness. The virtuosity of execution reflects adherence to
thetechnical parameters of the composition, incorporating melodic
embellishments to achieve harmonic resonance in the musical
pieces. Based on this, Bel Canto's techniques for vocal training
in China correlate with Western and national musical traditions
(Zheng et al., 2017). The difference in sound stylistics, breathing
techniques, and artistic elements reflects the juxtaposition of
different cultures (Ho, 2018). A Chinese performer must master
free breathing, artisticintonation, and resonator sound production,
interrelated with phonetics and articulation through the Bel Canto
technique (Hash, 2017). The Western manner of performance
stems from sound mixing, which combines pure performance
and falsetto as a result of smooth cross-fades (Chen, Lee, 2013).
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Register cross-fades help Chinese performers comply with the
requirements of the Bel Canto technique. Sound production should
also be given special attention since it should aim at forming a free
sound that affects the performance quality (Liu, Zhou, 2021). The
difficulties of Chinese performers’ mastering Bel Canto stem from
the phonetic differences between Chinese and European languages
(He, 2020). They manifest in a considerable distance between
vowels and consonants in the Chinese language, which requires
work on articulation (He, 2020). The challenges confronted by
Chinese performers while utilizing the bel canto technique are also
linked to the performance style, which manifests in sound stylistics
and metro rhythmic aspects. The distinction between Western and
Chinese performance styles may impact the reflection of sufficient
artistic execution and expressiveness (Chen, 2023). Furthermore,
challenges for Chinese vocalists are associated with the necessity
of adopting diaphragmatic breathing and differences in the
intonation of Chinese and European languages. Special attention
should be directed towards intonation, as it significantly influences
the artistic rendering of musical compositions.

Contemporary technologies can ensure systematic training
to address the presented challenges (Ho, 2018). The utilization
of diverse repertoires facilitates the monitoring of precision in
executing specific musical parameters, aiming at developing
practical skills and their subsequent variations. This approach
enables access to a musical library, fostering practical capabilities
(Liu, Zhou, 2021). Digital technologies facilitate interaction between
educators and students in a remote setting. Using Internet of
Things (IoT) devices in interactive educational environments within
music classrooms aims to enhance learning efficiency (Terzieva
et al., 2022). However, traditional teaching methods often prove
insufficiently flexible and adapted to individual student needs,
potentially resulting in slowed learning processes and diminished
motivation (Hofer et al., 2021). Modern loT technologies offer
innovative solutions to address these challenges by enabling the
creation of interactive learning environments. Here, students can
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receive instant feedback, utilize personalized learning programs,
and interact in real-time with various musical instruments and
devices (Li, Han, 2023; Nizeti¢ et al., 2020; Sarker et al., 2023).
Yet, implementing such technologies in educational settings is
accompanied by several challenges, including the complexity
of integrating diverse IoT devices, ensuring data security, and
maintaining system stability under high load conditions (Liao et al.,
2020; Sadeeq et al., 2021).

The motivation behind this article lies in the necessity to explore
the capabilities and advantages of using loT in music education,
particularly for teaching bel canto technique, and to identify key
technical and methodological approaches for developing effective
interactive learning environments. The relevance of this topic is
underscored by the increasing popularity of digital technologies in
education and the need for individualized educational programs
tailored to each student’s abilities and requirements. This research
contribution holds the potential to significantly refine methods for
teaching musical techniques, foster a deeper understanding of
vocal training processes, and enhance student outcomes through
the application of modern technologies.

1.1 Literature Review

Multimedia training saves time and increases the effectiveness
of acquiring musical knowledge and skills. In vocal training,
multimedia technologies aim to display graphics, images, sound,
and animation, establishing a logical relationship between students
and learning tools. Computer technologies aim to facilitate and
optimize the learning process, which contributes to transferring
melodies and musical knowledge (Peng, 2021). Cross-vocal training
contributes to the provision of modern training needs. Cross-
training results from the study of several musical aspects that are
applied during one lesson in turn. For example, the development of
articulation and range of sound. During the development of vocal
skills using the Bel Canto technique, the emphasis should also
be placed on breathing, which is interrelated with performance
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quality. The Bel Canto technique should rest on a combination
of aesthetic, artistic, and technical indicators (Wilson, 2021). The
Bel Canto technique should include resonance, sound formation,
vocal phonetics, and articulation. For the distance-learning format,
it is necessary to ensure high-quality transmission of acoustic
processes, which can be achieved using online platforms.

Providing a vocal learning process in an online learning
environment should be associated with listening to videos and
audio materials that contribute to developing virtuoso vocal
skills. Orientation on the singing of J. Puccini, who also used the
Bel Canto technique, allows the development of academician
vocal skills. During the training, the emphasis should be
placed on vocal-technical and aesthetic indicators, which are
interrelated with singing, breathing, and imaginative thinking.
The expressiveness of the sound is achieved by improving the
timbral tone, considering dynamic nuances (Semkin, Bushueva,
2020). Music education should rest on a high-quality sample of
vocal art performed in the Bel Canto technique. Vocal training
should develop vocalization skills, emphasizing passaggio and
duration of notes (Zhang, Yu, 2021).

To develop vocal skills, performers should vary in genres
and musical styles. Primary emphasis should be placed on
breath control and resonance within the context of the Bel Canto
technique and contemporary vocal music. The use of various
musical styles influences a repertoire based on different vocal
qualities (Winnie, 2017). The Bel Canto performance style should
stem from analyzing sound recordings of famous performers
(Fernando de Lucia, Alessandro Bonci, and Giacomo Lauri-Volpi).
This makes it possible to study approaches to the interpretation
of a musical text and to identify the characteristic attributes of a
performance, which manifest themselves in the range of sound,
the manner of performance, and the use of expressive elements.
Listening to compositions also helps to determine a harmonious
combination of virtuosity and ease of performance (Zaitov, 2016).
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The development of Internet of Things (loT) devices and
their application in educational technologies is a topic actively
researched within the academic community. General trends in
published works indicate a growing interest in integrating loT
into various fields of education, including music education (Qiao,
2021). Researchers emphasize the potential of IoT to enhance
learning effectiveness, provide interactivity and adaptability in
educational environments, and explore its potential for creating
more personalized educational programs (Cheung et al., 2021;
Matthew et al., 2021).

Most studies focus on developing and testing individual loT
devices and systems that can assist in teaching musical techniques.
For instance, a range of sensor devices has been developed
to measure voice parameters and musical instrument data,
providing instant feedback (Davanzo, Avanzini, 2020; Dickens,
2022; Turchet et al., 2020). However, in theory and practice,
conflicts exist regarding the optimal methods for integrating these
devices into the educational process. Some studies highlight the
necessity of a comprehensive approach that combines loT with
traditional teaching methods, while others advocate for complete
automation and digitalization of the process (Khanna, Kaur, 2020;
Sadeeq et al., 2021).

Methodological issues also remain pertinent. Different
approaches to designing loT systems for music education often
lead to discrepancies in research outcomes. The absence of
standardized methods for assessing the effectiveness of such
systems complicates comparisons across studies and limits the
generalizability of conclusions.

Among the primary constraints in research, it is noteworthy to
mention the insufficient amount of empirical data regarding the
long-term impact of IoT usage in music education and the lack of
studies analyzing the economic efficiency of implementing these
technologies. Most existing works focus on the technical aspects of
developing and testing loT devices, neglecting the pedagogical and
social aspects of their application. The relevance of this article is
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driven by the necessity to overcome these limitations and develop
a comprehensive approach to utilizing 10T in teaching the Bel
Canto technique. The main novelty of the study lies in integrating
loT devices into the educational process while considering the
specifics of music education and individual student needs, thereby
enabling more effective and personalized learning. Thus, the
article contributes to filling gaps in existing research and proposes
new approaches to developing interactive learning environments
for music classrooms.

2. Materials and Methods

2.1 Study Design

The first stage of the study included determining the
advantages of the Bel Canto technique for vocal training. We
chose the Bel Canto technique as the basis of the survey since it
contributed to improving vocal skills based on the traditions of
different nationalities. This study emphasized the combination of
Western European and Chinese vocals. Bel Canto promotes the
development of virtuoso vocal singing, contributing to sound’s free
reproduction. Using the analysis method, the authors revealed the
following advantages of the Bel Canto technique:

* respiratory training;

+ combining musical sounds;

+ development of sound power;
+ expansion of sound phonetics;

+ colorful expressiveness.

The chosen analysis method for this study involved the
exploration of theoretical materials and existing musical
compositions utilized in the practice of the Bel Canto technique.
Within the scope of the study, vertical analysis was employed,
enabling the examination of the nuances of musical composition
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performance in the bel canto style. Additionally, vertical analysis
facilitated the identification of specific indicators influencing the
development of the bel canto technique. The analysis of musical
works within the Bel Canto technique and Chinese national
compositions facilitated the identification of distinctive features
of Bel Canto. Identifying specific elements presupposed their
presence in more than 50% of the 580 analyzed compositions. The
authors of the article directly determined the findings.

Additionally, among the identified features of the bel canto
technique, their significance was further determined by the
potential enhancement of the quality of vocal performance in
Chinese compositions. This impacted the development of teaching
approaches in the context of distance learning. They calculated
the significance coefficient by determining the most effective
impact of the identified advantages. The formulation development
was undertaken by the authors based on the assumption of the
potential effectiveness of a specific characteristic indicator of the
bel canto technique. This endeavor was directed towards achieving
high-quality vocal performance in the future.

_Z(NaTa(i)) (1)

sign N b

p

k

where N is the number of significant indicators; T, is the
conditional effect of the advantages of the Bel Canto technique; N,
is the total number of advantages.

The advantages of the Bel Canto technique made it possible
to determine the need to introduce it into the educational
process. The progression of Bel Canto vocal skills was aligned
with established methodologies, prioritizing aspects such as
breath control, pitch development, sound clarity, and expressive
aptitude (Wilson, 2021; Yoo, 2017; Zaitov, 2016). The uniqueness
of this study lies in the formation of approaches to vocal training
based on the Bel Canto technique because of its adaptation to the
distance-learning format. We identified the following methods to
learning to ensure the educational process is effective for one
semester (September 2023 - February 2024):
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« communication during training;
« work on vocals;
« work on diction;

« emphasis on conducting movements;
* group singing.

The training took place gradually, evolving through the
development of communication skills among the participantsin the
educational process, which subsequently influenced work on vocal
techniques, diction, emphasis on conducting gestures, and group
singing. The training was centered on the practical development of
vocal skills by applying the Bel Canto technique. The selection of a
musical composition for the study involved initial vocal work that
required developing technical skills.

The third stage of the study involved determining the
effectiveness of the developed approaches to learning. Initially,
we determined the three most compelling aspects of training
(technical skills, expressive performance, and learning processes)
for students and teachers. They also determined the indicators
for calculating the significance coefficient using formula (1).
Determining instructional aspects involved using the same formula
as employed in the initial stage of the research. This approach
aimed to affirm the interconnection between different phases of
the study.

Using the Cohen coefficient, they calculated the statistical
relationship between the indicators within one study group
(students or teachers).

(Ml_MZ)
|S+5?
2

where M, and M, are the average values of the indicators
between students and teachers; S, and S, are the quadratic mean
deviations of the data obtained between students and teachers.

d= (2)
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The calculation of the Cohen coefficient shows the relationship
between the values when the calculated values approach 0.

We determined the quality of the student’s knowledge at the
third stage of the study. The musical compositions were selected
for performance based on the authors’ preferences and the
specified songs. In this process, students were required to possess
technical knowledge, which contributed to their understanding
of the Bel Canto technique. Accurate and clean performance of
musical compositions resulted in high students’ knowledge. Up to 3
mistakes marked average knowledge; failure to complete the tasks
indicated low knowledge. The assessment of student’s knowledge
was conducted by 20 educators who instructed over 700 students
in vocal performance using the bel canto technique.

y, = 20:%2. 00 o 4 3)

YO0

where 20, - points for the technique of execution; 20, - points
for the aesthetics of performance; 20 - the number of acceptable
points; d - the performance quality coefficient.

The calculated indicator from 0.79 to 1.0 showed a high quality
of knowledge. The average level of knowledge was 0.51 to 0.78.
The calculated indicator from 0.1 to 0.5 characterized a low quality
of expertise.

A multimodal system was employed that detects the student's
vocal pitch and respiratory state, providing real-time visual
feedback. The system displays musical scores with the tonic sol-
fa and breathing cues in the background mode. Based on singing
mechanics, the wearable device utilizes pressure sensors to detect
movements of the ribs, lower abdomen, and waist to measure
respiratory state. Subsequently, the detected data on respiratory
movements and pitch frequency are processed and visualized
to help students understand their breathing patterns and pitch
characteristics. The device comprises five thin-film pressure
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sensors on an RP bend length of 110 mm and five resistance-to-
force conversion modules connected sequentially to the sensors.
The pressure sensors are separately located on the front lower
abdomen, two segments of the waist at the back, and two sides of
the ribs. Each pressure sensor consists of two parts: a thin film and
a pressure-sensitive layer on the upper part of the sensor and a thin
film and a conductive circuit on the lower part. When external force
is applied to the active area, the disconnected chain of the lower
layer will connect through the upper layer's pressure-sensitive
layer, converting force into resistance. We affixed elastic Velcro
straps on the sides of the belt, overlapping to adjust the length and
ensure a snug fit to the student’s body. To better accommodate
the positioning of each sensor for various body shapes, we placed
a large area of loops on the inner layer of the belt so that sensors
with hooks could be adjusted to the desired location.

2.2 Sampling

The study involved 182 students (79 males and 103 females)
and 20 teachers from Minxi Vocal & Technical (Longyan, China).
Gender distribution did not impact the study or the attainment of
final results. The sampling condition included vocal specialties to
perform Chinese national musical compositions. First-year students
were selected for the study as they did not possess the established
Bel Canto technique, which ensures the preservation of the national
vocal style. The limitations within the scope of the study allowed
for monitoring the level of development in technical skills and
expressive performance after undergoing the training. The sample
of students consisted of 200 people. However, 18 students did not
meet the criteria because they studied modern musical creativity.
As the study aimed to examine the comprehensive application of
Bel Canto techniques for vocal development in a distance learning
setting, it was not obligatory to gather information regarding the
distribution of students by gender and age.
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2.3 Statistical Processing

We selected the Spreadsheet application to calculate the
results (Figure 1). It allowed formatting and creating tables with
the necessary data for calculations. The program’s functionality
is analogous to Microsoft Excel, enabling the input of formulas
for calculations and the creation of distinct figures. They used
Spreadsheets to calculate the effectiveness of the influence of Bel
Canto's advantages on the learning process, the quality of training,
and the Cohen coefficient.

Figure 1 - The functionality of the Spreadsheet application utilized for

conducting calculations
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2.4 Ethical Issues

Ethical issues contribute to conducting research within the
framework of regulated norms (ESOMAR, 2016). The confidentiality
of data from the students and teachers ensured high-quality
research results. The authors exclude falsification and borrowing
of the proposed research results.
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3. Results

The development of vocal performance skills can result from
effective methods and techniques, which can be represented by
an emphasis on the development of practical skills, the study
of theoretical material, the development of creative skills, and
the application of the Orff or Suzuki techniques. The conducted
research emphasized vocal training using the Bel Canto technique.
We employed the significance coefficient (Figure 2) to demonstrate
the advantages of using loT devices for studying the Bel Canto
technique. The establishment of significance parameters was
achieved based on the utilization of the vertical analysis method.

Figure 2 - Advantages of the Bel Canto technique for vocal training
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Respiratory training is essential to the Bel Canto technique
(2.557), which affects the sound that is aligned and clear during
performance. The Bel Canto technique during the performance
of Chinese songs contributes to the breathing amplitude because
of the development of mixed breathing. The Bel Canto technique
involves using a large amount of air, which is not typical of the
Chinese manner of performance. Therefore, Bel Canto contributes
to a subtle flow of air, affecting the performance depth.
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Combining musical sounds (2.518) is also an advantage of the
Bel Canto technique since it promotes a combination of natural
sound and falsetto, which is displayed harmoniously and affects
the pitch of sounds. Bel Canto contributes to the sounding range,
which can result from a smooth sound rather than using a single
register, which was previously characteristic of Chinese folk
compositions. Combining musical sounds contributes to the clarity
and precision of sounds. Shallow breathing contributes to less
force of sounds, which affects the variety of breathing.

The development of sound power (2.493) is also possible using
the Bel Canto technique, while vowel sounds are formed in the
forepart of the mouth. A half-breath helps to create long sounds
supported by breathing in the Bel Canto technique. To maintain
the purity of sounds and the development of Chinese national
vocals, the resonator center should be directed forward, while the
throat should be used minimally. Using the Bel Canto technique
allows for sound reinforcement in Chinese vocals, manifesting
itself in high notes’ purity. Using mixed resonance contributes to
combining Chinese national vocals and Western singing.

The expansion of sound phonetics (2.397) affects the
preservation of national color, which results from a rigorous
approach toword pronunciation and articulation. Hard consonants
are formed because of airflow, and the emphasis is primarily
on consonant sounds. Combining syllables and lengthening
the middle part of words achieves a harmonious combination
of words and music. The middle part also affects the change in
timbre and resonance, while the first part affects the naturalness
of performance.

Colorful expressiveness (2.009) stems from using register
and intonation ratio and ease of sound formation in the Bel
Canto technique—the principles of Bel Canto rest on maximum
naturalness, which is also characteristic of Chinese singing. When
trainingthe Bel Canto technique, theemphasis should be onsmooth
register transitions, which contribute to the evenness of sounds
in different ranges. The expressiveness of sounds is achieved
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because of reducing the load on the vocal cords and affecting the
performance quality when using the Bel Canto technique.

Based on the advantages of the Bel Canto technique, this
research identified approaches that contributed to acquiring
national vocal performance skills in a distance-learning format
using online platforms. The development of teaching approaches
also involved the application of the vertical analysis method aimed
at facilitating the education of 182 students (Figure 3).

Figure 3 - Approaches for acquiring vocal skills in a remote format

—-t 1. Communication during training J

‘t II. Work on vocals j
‘L III. Work on diction J
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4{ V. Group singing J

We identified the expectations of students (182 students)
and instructors (20 instructors) regarding the presented teaching
process over 6 months (Table 1).

Table 1 - The influence of the learning process on the development of
technical, expressive skills and training

Development Organization
of performance of learning
expressiveness processes

Development of

Group of respondents
P P technical skills

Students 2.731 2.018 1.964
Teachers 2.615 1.872 2.597

Comparison of data
based on the Cohen 0.027 0.052 0.047
coefficient
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The results indicated that students (2731) and teachers (2615)
perceive that the presented teaching approach predominantly
enhances technical skills development. This is attributed to
the adherence to Bel Canto technique requirements during
instruction, facilitated by loT devices. This has impacted the
quality of sessions and the fidelity of sound reproduction, which
is crucial for developing vocal skills. Students believe that these
teaching approaches contribute to expressive performance
development (2.018), as they could perceive melodies played by
the instructor accurately.

The culmination of the research process involved assessing
the quality of knowledge acquired by students (Table 2).

Table 2 - The quality of knowledge acquired by the students during the
distance learning process

Percentage distribution

Quiality of training of the students

Training quality indicator

High 73% 0.92
Average 26% 0.67
Low 1% 0.21

The results indicated that 73% of students achieved high-
quality knowledge, as evidenced by their ability to correctly
interpret musical compositions using the Bel Canto technique.
However, 1% of students acquired weak knowledge due to
incomplete attendance at all sessions, which affected the quality
of information assimilation.

4. Discussion

Improving the quality of vocal training following the Bel Canto
technique can result from using computer applications based
on semantic recognition of Bel Canto elements. The clustering
method would help to appraise sound quality (Ke, 2022). The
development of vocal skills should begin in childhood, contributing
to the accuracy of vocal performance. Education using |oT devices
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contributes to forming a new educational system that enhances
accessibility to learning regardless of location and time constraints.
The development of singing should stem from improving vocal fold
vibrations and the degree of voice interruption. Voice production
should emphasize rhythmic intonation. The results showed that
the performance accuracy of familiar songs was higher than that
of unfamiliar compositions (Kim, 2022). Skills in using melodic
patterns result from imitative processes, which are based on
modeling sounds in one tone and during the transition to another.
In our article, the determination of the optimal perception of
music education based on the age of students was not explored.
However, we indicated that the quality of acquiring vocal knowledge
depends on the approaches employed. Based on this, researchers
have elucidated the advantages of using IoT devices for studying
the Bel Canto technique, which results in improved breath control,
standardized musical sounds, development of vocal strength,
expansion of phonetic range, and vibrant expressiveness.

When learning vocals, attention should be paid to the accuracy
of pronunciation. The motor skills of speech have a directimpact on
pitch and intonation. The pitch of sounds stems from studying new
associations of speech and sound and receiving auditory feedback
usingonline technologies. Vocal training should be a systematicand
disciplined process which affects the quality of sound production
and emission (Chen et al., 2015). The precision and excellence
of performance are interconnected with the act of breathing, as
it significantly influences the fluidity of sound production (Wang,
2022). The study of national musical compositions should rest on
the use of rich sounds that reflect the history and culture of China.
At the same time, preserving acoustic parameters is an essential
aspect of a harmonious combination with texts of compositions.
When using the Bel Canto technique, they must repeat melodic
models to comply with the national musical style. Therefore,
the same melodies should be played in different keys during
training (Chan, 2022). Unlike the analyzed studies, our research
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demonstrated that teaching methods and expressiveness can be
enhanced through the application of IoT devices.

Intercultural communication allows for extending the
potential of the learning process. The improvement of vocal skills
stems from playing melodies aurally and recording and listening
to songs, chords, and intervals. The interaction of technologies
and training programs allows for effective feedback and individual
training (Shi, 2021).

Integrating devices in music classrooms presents new
opportunities for enhancing the quality of education and achieving
outcomes. In particular, using sensors, smart devices, and
Internet of Things (loT)-based applications enables the real-time
collection of detailed data on students’ vocal performance metrics.
Consequently, instructors can analyze student performances with
greater precision and provide personalized recommendations. This
approach has the potential to significantly transform the dynamics
of teaching, making it more interactive and flexible. Rather than
adhering to traditional “passive” learning methods, where students
merely absorb knowledge, |oT devices can facilitate active student
engagement in self-analysis of their performance. However, it
is crucial to acknowledge that implementing such technologies
necessitates changes in lesson planning and assessment
approaches, as educators will need to familiarize themselves
with new methods for working with [oT technologies. The social
implications of integrating IoT into music education are equally
significant, as introducing these devices alters not only teaching
methodologies but also the social dynamics within the classroom.
Students can receive immediate feedback not only from their
instructors but also from loT systems. Conversely, it is essential
to consider the potential social challenges; for instance, using
loT devices may exacerbate the digital divide between students
with access to these technologies and those without, potentially
impacting learning outcomes and developmental opportunities.
Moreover, some students may experience feelings of isolation
if their interaction with technology supplants interpersonal
communication with instructors or peers.
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To evaluate the effectiveness of 10T systems in vocal education,
it is advisable to develop preliminary frameworks or criteria that
encompass both the pedagogical and technical aspects of these
technologies’ impacts. It is essential to focus on student learning
outcomes. The primary criterion for assessing the effectiveness of
loT technologies should be the enhancement of students’ technical
proficiency in performing vocal exercises and techniques. This
proficiency can be measured using objective data collected by loT
devices, such as pitch accuracy, duration of tone retention, and
breath control.

Additionally, the level of student engagement in the learning
process should be taken into account; assessment criteria may
include the quantity and quality of interactions with IoT devices
during lessons, the frequency of independent practice utilizing
these technologies, and student participation in feedback
and discussions with instructors. Another component is the
effectiveness of the pedagogical process: educators must be able
to adapt their teaching methods based on the data obtained
through loT. Criteria could be developed to assess how the
integration of 0T assists instructors in providing individualized
feedback and adjusting curricula according to each student’s
needs. This assessment may involve evaluating the extent to which
analytical data are utilized in teaching materials and strategies
and the overall impact of this data on teaching effectiveness.

Furthermore, an essential component is the technical
performance metrics of loT systems, which encompass device
stability, the accuracy and timeliness of data collection and
processing, and the user-friendliness of technologies for both
students and educators. It is also vital to assess the integration of
loT with other educational resources and platforms; criteria could
include user feedback regarding the convenience and ease of use
of these systems, along with technical reports on device uptime
and error rates.
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Finally, the extent to which loT usage fosters interaction
between students and educators should be evaluated, along with
any issues of social inequality or digital divide that may arise.
Ethical considerations related to student data privacy and the
confidentiality of collected information should also be addressed.
Therefore, these criteria can be a foundation for further research
and enhancement of 10T systems in music education.

While discussing literary sources, researchers identified that
most studies focus on exploring the benefits of a single program,
which has led to the emergence of new approaches to creating
interactive learning environments. In our study, the research
process was centered on enhancing Bel Canto’s vocal skills through
the application of loT devices. The research also identified the
overall effectiveness of the proposed teaching approaches and
assessed the quality of student learning outcomes.

5. Conclusions

The study enabled researchers to identify the advantages of
using loT devices to study the Bel Canto technique. It was found
that these advantages include breath training, standardization
of musical sounds, development of vocal strength, expansion of
phonetic range, and vibrant expressiveness. After a semester of
training, we found that the students (2.731) and the teachers (2.615)
believed that training influenced the development of technical skills
due to the selection of high-quality auxiliary elements that affected
the effectiveness of training. This allowed for the development of
vocal singing skills in the bel canto technique, which manifested
in the performance of musical compositions of varying levels
of complexity. The practical significance of this paper includes
improvingonlinevocaltrainingusingthe presentedtechnologies, the
effectiveness of which the researchers determined by calculations.
The research prospects should be associated with combining
vocal development techniques to ensure greater expressiveness
of sounds. Additionally, there are plans to explore the advantages
of contemporary technologies and the difficulties that arise from
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their integration into music instruction. In the future, the authors
plan to expand the age category of respondents for teaching vocal
skills based on the advantages of the Bel Canto technique (school-
age children (9-12 years old) and students (17-21 years old).
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