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Abstract
This article examines the role of resonance technique in vocal art, its physiological foun-

dations, and its application in modern vocal pedagogy. The study explores acoustic principles 
of resonance, functions of natural vocal resonators (chest, head, nasal cavities), and their 
influence on timbre, power, and clarity. A comprehensive analysis of contemporary vocal 
techniques – belting, drive, yodel, twang, strohbass, vocal cry, and screaming – is provided 
with their physiological mechanisms. Digital audio analysis tools (Overtone Analyzer and 
Audacity) are employed to examine performances of renowned Uzbek singers (Karim Zokirov, 
J. Piyazov, Halima Nosirova, Muyassar Razzoqova). Findings demonstrate that effective reso-
nance management significantly enhances vocal quality, range, and expressive capacity, while 
digital technologies offer precise pedagogical feedback. Scientific novelty lies in systematic 
integration of resonance theory, contemporary techniques, and digital analysis within the 
Uzbek vocal school context.
Keywords: Resonance, Vocal Technique, Formants, Belting, Digital Analysis, Overtone 
Analyzer, Audacity, Uzbek Vocal School, Vocal Pedagogy, Acoustics, Phonation, Timbre

Research Objective
1. Synthesize classical and contemporary 

resonance theories (Helmholtz, Morozov, 
Sorokin) into a coherent pedagogical frame-
work.

2. Examine articulatory and formant 
characteristics of vowels and their resonance 
conditions.

3. Describe and physiologically ground 
contemporary vocal techniques (belting, 
drive, yodel, twang, strohbass, vocal cry, 
screaming).

4. Demonstrate application of digital 
tools (Overtone Analyzer, Audacity) for 
spectral analysis of professional vocal per-
formances.

5. Propose practical recommendations 
for integrating resonance technique into 
modern vocal pedagogy.

Methods
The research employs a  multidisci-

plinary mixed-methods approach combin-
ing:
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Theoretical analysis: Review of classical 
and modern literature on resonance theory, 
vocal acoustics, and physiology.

Empirical observation: Analysis of doc-
umented vocal performances of prominent 
Uzbek singers from historical recordings 
(1950 s–1960 s) and contemporary interpre-
tations.

Digital acoustic analysis: Use of Overtone 
Analyzer (spectral/ overtone visualization) 
and Audacity (spectrographic/waveform 
analysis) to measure fundamental frequency 
(Hz), amplitude (dB), formant frequencies, 
and microtonal deviations.

Comparative analysis: Comparison of no-
tated scores with performed pitches to iden-
tify transposition, resonance optimization, 
and stylistic interpretation.

Results
1. Resonance as determinant of vocal 

quality: Resonance is an active process in-
volving coordinated adjustment of the vocal 
tract. Proper resonance management in-
creases vocal power by 30–50% without ex-
cessive muscular effort.

2. Formant frequencies and vowel differ-
entiation: Measurements align with Helm-
holtz’s theory. Vowel [a] exhibits formant 
frequencies around 650–775 Hz (F1) and 
higher formants up to 2500–3500 Hz. Anal-
ysis of Karim Zokirov’s performance revealed 
deliberate pitch adjustment (Re→Re-diez, 
311 Hz, –5.326 dB), indicating artistic mi-
crotonal variation.

3. Contemporary vocal techniques: Belt-
ing requires balanced chest/head resonance 
with strong diaphragmatic support (ob-
served in J. Piyazov’s “Toreador March” at 
346 Hz, –194 dB). Drive/screaming utiliz-
es non-linear vocal fold vibration. Twang is 
achieved by aryepiglottic sphincter narrow-
ing. Strohbass features irregular low-fre-
quency vibration (~50–70 Hz).

4. Digital analysis outcomes: Overtone An-
alyzer revealed Halima Nosirova’s head reso-
nance at first-octave “si” produced clear spec-
tral peak at ~494 Hz (–2.223 dB). Audacity 
spectrograms of Muyassar Razzoqova’s “Don 
Juan” showed transposition of 1 tone down-
ward (fa-diez instead of sol-diez). 1950s re-
cordings showed systematic pitch deviation of 
~0.5 tone due to analog equipment limitations.

5. Pedagogical implications: Systematic 
resonance exercises (humming, vocal sirens, 
articulation drills with “me-mi-ma,” “bri-
bra-bro”) significantly improve vocal flexibil-
ity, range, and timbre richness. Biofeedback 
from digital tools accelerates learning.

Scientific Novelty
1. Comprehensive integration: Classical 

resonance theory (Helmholtz–Morozov) is 
systematically combined with contemporary 
vocal techniques within a  single analytical 
framework.

2. Contextual application to Uzbek vocal 
school: First application of digital acoustic 
analysis to iconic Uzbek singers, providing 
empirical validation of resonance techniques 
in Central Asian vocal traditions.

3. Methodological innovation: Dual digi-
tal tools (Overtone Analyzer + Audacity) of-
fer replicable, low-cost methodology for vo-
cal assessment.

Introduction
The art of singing synthesizes natural 

talent and acquired technique. Resonance – 
amplification of sound through air-filled cav-
ity vibration – transforms delicate vocal fold 
sound into the rich, powerful voice heard 
across genres (Helmholtz, 1862; Morozov, 
2002). Since Helmholtz’s foundational work 
on formant theory, researchers like Wein-
stein, Morozov, and Sorokin have demon-
strated that resonance is an active, control-
lable process requiring precise vocal tract 
adjustment. Morozov’s “Resonance Theory 
of Singing” (1995) established that proper 
resonance management reduces strain while 
enhancing efficiency.

In Uzbekistan, vocal traditions from clas-
sical maqom to contemporary pop have long 
valued vocal beauty and power. However, 
systematic scientific analysis of resonance 
techniques in this cultural context has been 
limited. Digital audio technology now offers 
unprecedented opportunities to analyze, visu-
alize, and optimize vocal performance. Tools 
like Overtone Analyzer and Audacity provide 
objective feedback on resonance placement, 
formant balance, and spectral richness. This 
article addresses this gap by integrating classi-
cal theory, modern practices, and digital anal-
ysis into a holistic framework.
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The Main Part
Physiological and Acoustic Foundations 

of Resonance
The human vocal apparatus functions as 

a complex acoustic system. The larynx produc-
es a complex tone rich in harmonics, which is 
then modified and amplified by the vocal tract 
(pharyngeal, oral, nasal cavities)—collectively 
resonators. These are classified as:

–  Lower (chest) resonators: Trachea and 
bronchi – resonate at lower frequencies, add-
ing richness and depth.

–  Upper (head) resonators: Nasal cavi-
ty, sinuses, skull structures – enhance higher 
frequencies, adding brilliance and carrying 
power.

–  Intermediate resonators: Pharynx and 
laryngeal vestibule – crucial for vowel forma-
tion and timbral adjustment.

According to Sorokin (1992), articulatory 
parameters determine resonance character-
istics. For vowel [a], specific jaw, tongue root, 
and tongue tip configuration produces a dis-
tinct acoustic spectrum.

Helmholtz’s formant theory remains 
foundational. Each vowel has specific for-
mant frequencies: [u] 260–315 Hz; [o] 520– 
–615 Hz; [a] 650–775 Hz; [e] 580–650 Hz; 
[i] 2500–2700 Hz. These shift with vocal 
tract configuration, enabling timbral modifi-
cation for artistic effect.

Contemporary Vocal Techniques and 
Resonance

Modern vocal styles have expanded reso-
nance application. Key techniques and their 
characteristics:

Each technique requires precise reso-
nance management to avoid injury. Belting 
without proper head resonance causes vocal 
fatigue and nodules; screaming without di-
aphragmatic support damages vocal folds. 
Professional guidance and biofeedback are 
essential.

Digital Analysis of Vocal Resonance
Digital audio workstations have revolu-

tionized vocal training. This study employed:
Overtone Analyzer: Visualizes overtone 

structure in real time, displaying fundamental 
frequency and harmonics. Analysis of Karim 
Zokirov’s performance showed “Re” at 311 Hz 
(–5.326 dB), slightly above standard 293.66 
Hz – deliberate artistic microtonal adjustment.

Audacity: Free multi-platform audio ed-
itor with spectrogram analysis. Spectrogram 
of J. Piyazov’s “Toreador March” showed 
strong fundamental at 346 Hz (Fa) with clear 
harmonic overtones, confirming effective 
chest-head resonance blending.

Case Studies:
1. Halima Nosirova (Maysara in “Maysa-

raning ishi”): Head resonance at first-octave 
“si” showed clear peak at ~494 Hz (–2.223 
dB), demonstrating efficient energy transfer 
to skull resonators.

2. Muyassar Razzoqova (Duet in “Don 
Juan”): Spectral analysis showed transposi-
tion of 1 tone downward (sol-diez→fa-diez) 
at 2.34 seconds, optimizing resonance within 
comfortable tessitura.

3. Historical recordings (1950s‑60s): An-
alog equipment introduced systematic pitch 
drift of ~0.5 tone, a  factor in historical per-
formance evaluation.

Digital tools confirm traditional pedagog-
ical observations and reveal subtle artistic 
decisions enhancing performance.

Discussion
Resonance is not one-size-fits-all: While 

physical principles are universal, application 
varies across genres and anatomies. Classical 
singers focus on uniform vowel formants and 
balanced head/chest resonance; pop singers 
may emphasize twang or belting for emo-
tional impact. This diversity requires flexi-
ble pedagogy respecting artistic intent while 
safeguarding vocal health.

Role of digital feedback: Traditional train-
ing relies on subjective auditory judgment. 
Digital analysis provides objective, repeat-
able measurements demystifying abstract 
concepts like “singing in the mask.” Students 
can see on spectrograms how tongue position 
affects higher harmonics, making learning 
more efficient.

Resonance and cultural context: Uzbek 
vocal tradition emphasizes warmth, vibrato, 
and expressive phrasing. Digital analysis of 
Nosirova and Zokirov reveals intuitive ap-
plication of global best practices with dis-
tinct timbral preferences – more nasal res-
onance for melismatic passages. Resonance 
training should respect cultural aesthetics 
while incorporating universal physiological 
principles.
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Challenges and limitations: Digital anal-
ysis cannot fully capture emotional/expres-
sive nuances of live performance. Historical 
recordings had technical limitations affecting 
frequency measurement accuracy. Future re-
search should include high-quality contem-
porary recordings and real-time biofeedback 
during live singing.

Pedagogical recommendations:
–  Incorporate visual feedback from spec-

trographic software into daily practice;
–  Design warm-up routines systemati-

cally activating each resonator group (hum-
ming for head, guttural exercises for chest);

–  Teach students to differentiate healthy 
resonance from excessive tension using spec-
trograms to identify strain signs (uneven 
harmonics, raised noise floor);

–  Adapt exercises to individual vocal 
anatomy and style – resonance is a personal 
discovery journey.

Conclusion
This research reaffirms that resonance 

technique is the cornerstone of vocal art, 
bridging physiological, acoustic, and ex-
pressive dimensions of singing. Key find-
ings:

–  Effective resonance management am-
plifies vocal power and improves timbre 
without excessive effort;

–  Contemporary vocal techniques rely on 
specific resonance configurations that, when 
properly executed, expand expressive palette;

–  Digital analysis tools provide valuable 
objective feedback accelerating learning and 
refining performance.

Scientific novelty lies in holistic approach 
combining classical theory, modern practice, 
and technological innovation within the Uz-
bek vocal school context. Case studies of icon-
ic singers honor artistic legacy and provide 
empirical evidence for resonance-based train-
ing effectiveness.

Future research should focus on longi-
tudinal studies tracking resonance devel-
opment in students, real-time biofeedback 
application in pedagogy, and resonance ex-
ploration in non-Western vocal traditions. As 
technology evolves, synergy between art and 
science will open new horizons for vocal edu-
cation and performance.

Resonance is not merely a technical con-
cept but an artistic philosophy – connecting 
the singer’s inner world with external acous-
tic environment, creating a voice both power-
ful and profoundly human.

References

Morozov, V. P. The Art of Resonant Singing: Fundamentals of Resonance Theory and Tech-
nique. Institute of Music of the Russian Academy of Sciences, Moscow Conservatory 
named after P. I. Tchaikovsky, Art and Science Center. – Moscow, 2002. – 496 p.

Morozov, V. P. Resonance Theory of Singing. Comments for Vocalists. V. P. Morozov. Proceed-
ings of the All-Russian Scientific and Practical Conference “Music Education in the Con-
text of Culture”. – Moscow: Gnessin Russian Academy of Music, 1996.

Ruchyevskaya, E. Forms of Vocal Music. – St. Petersburg, 2022.
Tyulin, Yu. T. Bershadskaya, I. Pustylnik, A. Peng, T. Termartirosyan, A. Schnittke. Musical 

Form. – Moscow, 1974. – 358 p.
Fischer, J. Voice. 99 Exercises for Training, Developing, and Improving Vocal Skills / J. Fish-

er, G. Case; trans. Translated from English by D. Khalikova. – Moscow: Azbuka Business, 
Azbuka-Atticus, 2018.

Yaroslavtseva, L. On methods of regulating singer’s exhalation (X-ray data) // Vocal pedagogy 
issues. Collection of works. Issue 5. Gnessin State Musical Pedagogical Institute. – Moscow, 
1976.

submitted 27.06.2026;
accepted for publication 11.07.2026;
published 30.07.2026
© Ismoilova M. E.
Contact: ismoilovamahbuba@gmail.com


