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INVITATION

Dear Colleagues  and Friends,

We are delighted to announce that the 16th Pan-European Voice Conference (PEVOC 16) and Voice 
Istanbul 2026 will  take place in Istanbul between March 25т28, 2026.

PEVOC is a global interdisciplinary organization that provides a platform for voice professionals to 
exchange knowledge about the human voice. It continues to bring together ENT specialists, speech 
and language therapists, phoniatricians, singing teachers and voice coaches, singers, performing 
artists, and voice scientists from across Europe to share experiences, ideas, and engage in dynamic 
discussions.

As every year, we are honored to organize the Voice Istanbul Meeting, and this time, we are excited to 
hold it in conjunction with PEVOC 16.

Our aim is to bring these different specialties together to share knowledge and expertise in all aspects 
of the voice and to improve interdisciplinary collaboration. Panels, workshops, keynote lectures, case 
discussions, free paper presentations, and poster sessions will  offer both scientific  and artistic  
communities insights into the latest advances in voice science, voice care, and training.

Our congress will  be held in Istanbul, one of the ƽŸƖũĬќƚ most vibrant cities, where East meets West, 
offering a rich blend of history, culture, and modern life.

We are confident that this meeting will  be a great opportunity to reconnect with colleagues, discover 
or demonstrate new technologies and techniques, and build new friendships.

We look forward to seeing you in Istanbul.

Yours sincerely,

ÂƖŸŉЮШ?ƖЮШuƬƖƝċƣШòĲũťĲŰ
Pevoc16 Congress President

Prof. Dr. Hakan Birkent
Voice Istanbul Congress President
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RENATO BRUSON: THE ART OF SINGING, AUTHENTICITY AND DISCIPLINE. CONNECTIONS 
BETWEEN OPERA AND CHAMBER MUSIC
 
Sergiu Garabajii1
Doctoral School џÉŔŊŔƚůƨŰĬ ÑŸĬƨƧčѠе National Academy of Music џ]őĲŸƖŊőĲ ?ŔůċѠе Cluj-Napoca, 
Romania

SUMMARY. This article explores the artistry of the renowned baritone Renato Bruson, emphasizing the 
interpretative authenticity and discipline that have ensured his long-lasting career. Based on a direct 
interview conducted with the maestro in Parma during a vocal interpretation masterclass organized 
through the Renato Bruson Foundation, the research highlights essential themes such as the evolution of 
the baritone voice, the significance of chamber music in vocal development, and the role of textual 
interpretation in opera. Additionally, it examines the impact of this approach on the training of future 
performers and his perspective on vocal discipline and artistic authenticity. By integrating historical  and 
musicological perspectives, the study establishes connections between operatic and chamber music 
practices, emphasizing their reciprocal impact on the evolution of a lyrical artist. The conclusions
underline the necessity of balancing natural vocal talent with rigorous study while maintaining fidelity to 
the ĦŸůƓŸƚĲƖќƚ intentions, simultaneously developing a unique interpretative style.

Keywords: Renato Bruson, baritone voice, opera singing, vocal technique, artistic  authenticity,  chamber 
music, opera interpretation, musical discipline.

Baritone (i) (from Gk. Barytonos; Fr. baryton; Ger. Bariton; It. baritono)2ы͉͈ͤ͘ ͖͔͖͙͛), meaningљdeep
soundњШыbary- = low, deep; tonos = tone).

The interview with the great baritone Renato Bruson, conducted in Parma at the ůċĲƚƣƖŸќƚ museum-
house, took place during a masterclass he was offering. On this occasion, the maestro agreed to answer 
questions related to the doctoral research titled љThe Variability of the Baritone Voice Throughout the
Stylistic Evolution of the Opera Genre.њThe interview provided deep insight into essential themes for
lyrical singing: vocal technique, authentic interpretation, the importance of the word, and the longevityof
a successful career. Thebaritone Ion Budoiu3 states that, the baritone voice, now a welldefined category
in the opera world, emerged as a distinct classification only at the beginning of the 19th century.
Previously, it was alternatively associated with tenors or basses, dependingon the tessitura of the role.

1 PhDStudent. GheorgheDima National Academy of Music, SigismundÑŸĬƨƧčDoctoral School, Cluj-
Napoca. E-mail: garabajiisergiu@gmail.com 

2 O. Jander, J.B.Steane, E.Forbes, E.T.Harris, andG. WaldmanЯШљBaritoneыŔьЯњinTheNewGroveDictionary of 
Music and Musicians (accessed from a local PDF file on January2, 2025)

3 Ion Budoiu (1930т1992) was an exceptional baritone, performing major roles from the universal
classical repertoire, rangingfrom Mozartand Rossinito Verdi,Wagner,and Puccini. He also distinguished
himself in Romanian opera, taking the lead role in ÂċŰčLesnea Rusalin by Paul Constantinescu and
performing Enescu's lieder in Berlin under the baton of Kurt Masur. Seeљ95 de ani de la ŰċƟƣĲƖĲċ
solistului deŸƓĲƖčIon BudoiuЯњCotidianul HD, January3, 2025, https://hd .cotidianul .ro/95-de-ani-de-la-
nasterea-solistului -de-opera-ion-budoiu/. AccessedFebruary7, 2025.



4 However, the first uses of the term baritonans date back to the 15th century:љthe termћbaritonansќwas
first used in Western music towards the end of the 15th century, principally in French sacred polyphony,
where it may signify a voice lower in pitch than the bassus.њ5 In the 17th century,љŔŰ17th-century Italy,
the term ћbaritonoќtakes up its modern position between the tenor and bass partsњЯwith its use
becoming more frequent in both sacred music and opera.6 In the 19th century, baritone was solidified as
a distinct vocal category with the introduction of prominent characters in the operas of Romantic
composers. Verdi created roles thatљdemonstrated the dramatic flexibility and power of this voiceЯњsuch
as Germont (La Traviata, 1853) and Macbeth (Macbeth, 1847).7 In the 20th century, Italian baritones
continued to define excellence in the Verdian repertoire:љPiero Cappuccilli was regardedas the leading
Italian Verdi baritone; other Italians eminent in the Verdi and Donizetti repertories have included
Giuseppe Taddei and Renato Bruson.њ8 These transformations contributed to the diversification of the
repertoire and directly influenced the evolution of the careers of great opera artists. Renato Bruson (b.
Granze, Padua, January13, 1936) is one of the most remarkable baritones of the 20th century, renowned
for his exceptional interpretations of Verdiand Donizetti operas. His impressive career, spanningover five
decades, is the result of rigorous training and outstanding vocal development.

Renato Bruson began his vocal studies at the C. Pollini Conservatory in Padua under the guidance of
ProfessorElenaFavaCeriati, consideredљone of the most respected voice teachers in Italy.њ9 His official
debut took place in 1961 in Spoleto, in GiuseppeéĲƖĬŔќƚIl trovatore, where he performed the role of
Count di Luna.10Thisachievement came as a result of winning the Concorso NazionaleGiovaniCantanti
Lirici in Spoleto that same year.11 From that moment on, he embarked on an increasingly acclaimed and
recognized career. One of the most significant events that propelled him to international fame was his
debut in La forza del destino at the TeatroRegiodi Parma in 1967. Thissuccess opened the doors of the
Metropolitan Opera in New York and marked the beginning of an exceptional series of debuts on the
stagesof theƽŸƖũĬќƚmost prestigious theaters.

4 I. BudoiuЯШљTheBaritoneŔŰШ§ƓĲƖċЯњШŔŰШMusicologyStudies (Vol. 17-18, p. 190; Cluj-Napoca, 1985). 
5 O. Jander, J. B. Steane, E. Forbes, E. T. Harris, and G. WaldmanЯШљBaritoneыŔьЯњШŔŰШTheNew Grove
Dictionary of Music and Musicians (accessed from a local PDF file on January2, 2025). 
6 Ibid. 
7 Ibid. 
8 Ibid.

9 GBOperaЯШљAlbum of Memories: RenatoBrusonыĤЮШΝΦΟΣьЯњШaccessed on January1, 2025, from
https://www.gbopera.it/2022/01/album -dei-ricordi-renato-bruson-n-1936. 
10 TeatroLirico Sperimentaledi Spoletoљ ЮШ7ĲũũŔЯњШљDocenti del Corso di CantoЯњШaccessed on January1, 
2025, from https://www.tls -belli.it/docenti -del-corso-di-canto. 11 Claudio Del Monte and Vincenzo
RaffaeleSegreto, StagioneLirica (1991-1992). RenatoBruson. ÑƖĲŰƣќċŰŰŔdi carriera, p. 9 (Parma: Teatro
Regio, 1992). 



12 In the book by Maestro 7ƖƨƚŸŰќƚwife, Tita Tegano13, published on the occasion of his 25th career
anniversary, numerous posters and reviews of his performances were compiled. Among them is a 1986
review from Rome, in which conductor Giuseppe Sinopoli stated that, for him, Renato Bruson
represented the ideal realization of musical sensitivity and intelligence. Eventhen, it was foreseen that
Bruson would remain in the history of Italian opera as a benchmark baritone, thanks to his eleganceand
refined interpretative style.14 Today, 39 years later, theůċĲƚƣƖŸќƚcareer remains a compelling example of 
continuity and the preservation of essential qualities for an opera singer. Moreover, these traits have not 
only been maintained but also cultivated and passed on to future generations through non-formal 
education, making him a model of perseverance and excellence in the field. 

Amongthe most important theaters where Maestro Bruson has performed are Teatroalla Scala in Milan,
the Metropolitan Opera in New York, the Wiener Staatsoper, the Royal Opera House Covent Garden in
London, the Bayerische Staatsoper in Munich, the Teatro di San Carlo in Naples, and many others,
including the RomanianNational Opera in Cluj, where he performed the title role in Rigoletto in 1970.15

In 1970, he collaborated for the first time with conductor Riccardo Muti inéĲƖĬŔќƚUn ballo in maschera at
the TeatroComunale in Florence, marking the beginningof a long-lasting artistic relationship. In 1972, he
made his debut at Teatro alla Scala in Milan in Gaetano?ŸŰŔǍĲƣƣŔќƚLinda di Chamounix. In 1986, in
Ravenna, MaestroRiccardoMuti described RenatoBrusonas an authentic, expressive, and refined artist,
emphasizing that any conductor would wish to have him as a collaborative partner in the demanding
preparation and realization of an opera production. This recognition is also mentioned in TitaÑĲŊċŰŸќƚ
book, dedicated to theůċĲƚƣƖŸќƚcareer.16Amonghis numerous distinctions , one of the most notable is
the honorary title ofuċůůĲƖƚęŰŊĲƖ, awarded by the ViennaState Opera.17

12 Ibid.
13 TitaTeganowas a set designer, costume designer, and author of books, many of which were published
by Grafiche Step in Parma,dedicated to the art and career of her husband, baritone RenatoBruson. She
collaborated with TeatroRegiodi Parma,designingthe set for I due Foscari (1984т1985, directed by Anna
Proclemer) and contributing to numerous opera productions. In 2014, together with Bruson, she donated
an important art collection to the Cariparma Foundation, including 70 works by renowned artists such as
Giovanni Boldini and Giovanni Segantini. SeeљAddio a Tita Tegano, scenografa, costumista e moglie di
Renato BrusonЯњGazzetta di Parma, March 10, 2022, https://www.gazzettadiparma.it/spettacoli/ 2022/
03/10/news/addio-a-tita-tegano-scenografa-costumista-e-moglie-di-renato-bruson-632027/, accessed
February7, 2025.
14 Tita Tegano, ed., Renato Bruson: 25 anni di teatro in musica, with testimonies and critical notes by
Carlo Belli, Maurizio Arena, Gianandrea Gavazzeni, Gianluigi Gelmetti, Carlo Maria Giulini, Giuseppe
Morelli, FrancoMannino, Riccardo Muti, GiuseppeSinopoli, Alberto Antignani, Gioacchino LanzaTomasi,
Giuseppe Negri, Roman Vlad, Piero Rattalino, Sylvano Bussotti, Rodolfo Celletti , Giuseppe Puglisi,
Giorgio Gualerzi, Bruno Cernaz, Presto Moli, Bruno Cagli, Francesco Canessa, SergioSegalini, Daniele
Rubboli, Christian Springer, Angelo Foletto, Maurizio Modugno, Marcello Conati, Michelangelo Zurletti,
and ElvioGiudici, p. 21 (Bologna: EdizioniBongiovanni, 1986)
15 Ibid., p. 95. 
16 Ibid., p. 20. 
17 Istituto della Enciclopedia Italiana, founded by Giovanni TreccaniЯШљRenatoBrusonЯњШaccessed on 
January1, 2025, from https://www.treccani.it/enciclopedia/renato -bruson/.



This stands as both a testament to Maestro 7ƖƨƚŸŰќƚ Professional excellence and a reflection on the 
complexity of the operatic profession. It is a continuous process of exploration, preparation, and 
construction -an endless formation. Despite this, it is an imperfection that becomes perfect through the
lived experience of the performance. An emotion can never be repeated with absolute precision; it is a 
feeling that can be relieved, but always through the
lens of new preparation. Renato Bruson began his responses in the interview by emphasizing that his 
artistic  development was profoundly influenced by a teacher for whom he holds deep respect and 
gratitude. As mentioned in the ůċĲƚƣƖŸќƚbiography, this refers to Professor Elena Fava Ceriati. љf learned 
from my teacher, who had been a chamber music singer. From her, I acquired taste and sensitivity. And I 
must thank her even today because she taught me how to interpret and sing.њThis approach, rooted in 
chamber music, helped him develop a solid vocal technique and a deep awareness of the semiotics of 
artistic interpretation.
Chamber music is a highly exposed environment without the support of an orchestra, every detail
becomes fragile and delicate, and eventhe beating of the heart seems to take on a perceptible presence.
Accompaniment in chamber music represents an essential relationship, a collaboration and
synchronization between the performer and the accompanist because the accompaniment does not
merely provide support but complements the interpretation through specific musical motifs and
phrases. Thisfurther underscores the necessity of thorough education and rigorous preparation. Another
essential aspect mentioned by the maestro was the importance of discipline. Renato Bruson
emphasized: љFor a long career, you must know how to choose what to do and stay within your
repertoireЯњwarning about the risks singers take when exploring a repertoire that exceeds the natural
limits and possibilities of their voice.љYouĬŸŰќƣhave to do everythingtoday; many take on anything just
to make money. No, if you want a long career, there must be humility, seriousness, and complete
dedication.њIn his view, the ability to maintain a proper balance in repertoire selection is a quality that
sustains the longevity of an opera singer. This idea of discipline and balance resonates with Professor
PaulÂŸƓŸƻŔĦŔќƚ18 statement that љpassion must meet vocation and natural giftsЯњ19 emphasizing that
success in a career cannot exist without an alignment between inner desire and natural abilities.
Moreover, the concept of discipline extends to daily practice, which is regarded asљůŸƖċũhygieneњfor
those who approach their profession with such commitment .20 In addition to these observations, the
maestro emphasized the importance of understanding the stages of vocal maturation.љJustas the body
matures, so does the voiceЯњhe said, highlighting that each stage of aƚŔŰŊĲƖќƚlife must be approached
naturally and appropriately.

18 Paul Popovici is an associate professor and a specialist in law, actively engagedin legal education and
intellectual property. He served as vice dean (2020т2022) at the Faculty of Law, Dimitrie Cantemir
Christian University in Bucharest (Faculty of Law in Cluj-Napoca) and as a master's program director
(2013т2015). Since 2023, he has been an associate professor at Vasile]ŸũĬŔƟWestern University of Arad.
In addition to his academic work, he is a judicial technical expert, arbitrator, and mediator in the field of
intellectual property. See Curriculum Vitae т Paul Popovici, Vasile ]ŸũĬŔƟWestern University,
https://www.uvvg.ro/docs/ Facultati/cv_profesori/facultate_juridice/POPOVICI_PAUL.pdf, accessed
February7, 2025.

19 P. Popovici, љThe Ethics of Scientific Research and Academic IntegrityЯњonline course held at the
GheorgheDima National Academyof Music, SigismundÑŸĬƨƧčDoctoral School, Cluj-Napoca, December
2, 2024.

20 P. Popovici, љThe Ethics of Scientific Research and Academic IntegrityЯњonline course held at the
GheorgheDima National Academyof Music, SigismundÑŸĬƨƧčDoctoral School, Cluj-Napoca, November
25, 2024.



An excerpt from an academic paper presented at the Academy of Sciences in Paris, Manuel]ċƖĦŖċJr.21

supports the following idea: љxќŔŰƚŔĲůĲdella voce umana va soggetta ad innumerevoli modificazioni
sotto ũќŔŰŉũƨĲŰǍċĬĲũũќĲƣě, dei sessi, delle costituzioni.њыљThe human voice, as a whole, is subject to an
infinite number of modifications influenced by age, sex, and physical constitution .њь.22 As Robert Thayer
Sataloff23 and Karen M. Kost24 emphasize in their article љThe Effects of Age on the Voice, Part 1Яњ
published in the Journalof Singing, the official journal of the National Association of Teachersof Singing,
a U.S.-based organization, voice teachersљshould be familiar with many of the more important, clinically
relevant age-related changes that occur in the human voice.њ25 This approach helps singers adapt their
repertoire and technique according to the specific characteristics of each stage of vocal development.
This perspective is supported by specialized literature. In the book This is a Voice, authors Jeremy
Fisher26 and GillyanneKayes27 explain that:

Yourvoice is a biomechanism that changes with the rest of the body, growingand maturingтalong with
your lung capacity and the ability to control breath тas part of the life cycle from child to adult. The
positioning and size of the larynx are important factors, as well as the relative firmness of the
cartilages.њ28 This description highlights the importance of selecting the appropriate repertoire while
respecting the ĤŸĬǃќƚnatural development, allowing the voice to grow and mature alongside it in a
balanced manner.

21Manuel]ċƖĦŖċJr. (1805т1906) was a singer, pedagogue, and researcher of the human voice, renowned
for his revolutionary contributions to the study of vocal mechanisms. In 1840, he presented his paper
~ĳůŸŔƖĲsur la voix humaine at the Academy of Sciences in Paris, demonstrating a profound
understanding of the physiological phenomena of the voice. In 1854, he became the first to use the
laryngoscope, which allowed him to confirm his theories on vocal production. His singingmethod had a
significant impact on vocal education, and his observations on vocal registers and timbre remain
fundamental in modern vocal pedagogy. See~ŔĦőĿũĲCastellengo, љ~ċŰƨĲũGarcia Jr: A Clear-Sighted
Observer of Human Voice ProductionЯњ Logopedics Phoniatrics Vocology, DOI:
10.1080/14015430500298131, PMID: 16287657.
22 M. GarciaJr., Scuola di Garcia. Trattato completo ĬĲũũќċƖƣĲdel canto (Part 1, p. 14; Milan: Ricordi, 1970).
23 Robert T. Sataloff is a specialist in otolaryngology, professor, and chairman of the Department of
OtolaryngologyтHead and Neck Surgery at Drexel University College of Medicine. He is also a
professional singer, holding a Doctor of Musical Arts (DMA) degree in vocal performance. He has
published approximately 1,000 works, including 62 books, and servesas Editor-inChief of the Journalof
Voice and the Ear, Nose and Throat Journal. 24 Karen M. Kost is a professor of otolaryngology at McGill
Universityand the director of the Voice and DysphagiaLaboratory at the same institution . A specialist in
ENT oncology, airway disorders, and voice, she served as president of the Canadian Society of
OtolaryngologyтHead and Neck Surgery(2013) and the American Society of Geriatric Otolaryngology
(2012т2014). She has delivered over 400 international presentations and has published extensively on
topics related to voice and tracheostomy. Seehttps://www.nats.org/_ Library/JOS_On_Point/JOS-077-01-
2020-63.pdf, accessed February7, 2025.
25 R. T. Sataloff and K. M. Kost,љTheEffects of Ageon the Voice, Part1ЯњJournalof Singing77, no. 1 (2020):
63.
26 JeremyFisher is an award-winning musician and performance coach with over 30 years of experience
working with actors and singers. He is a multimedia vocal educator, havingdeveloped numerous training
DVDs and professional development tools for Vocal Process and the Science Museum. He has co-
authored four books and written approximately 300 articles on classical and commercial singing.
27 Dr. GillyanneKayesis a voice expert and vocal pedagoguewith 35 yearsof experienceinspiring singers
and teachers. She holds a PhD in voice research and has authored seven books, including Singingand
the Actor. Recognized as a pedagogue and presenter at international conferences, she has also
contributed as a curriculum advisor for institutions such as CSSD,RCS,and DMusics Barcelona.



Themaestro also described the decisive role of constant study, emphasizingthat only through sustained
effort and discipline can one achieve remarkable results. љOtherwise, you remain mediocre.њThis
insistence on study reflects a deep perspective on discipline, seen as the foundation of continuous
development. In this regard, it is perfectly complemented by the observation of Manuel Garcia Jr., who
highlights that natural predispositions are not enough:љxĲƓŔƮbelle disposizioni hannoĬќƨŸƓŸĬќĲƚƚĲƖĲ
nella loro applicazione coltivate e dirette da uno studio lento e ragionato.њыљThe most beautiful
predispositions need to be cultivated and directed in their application through slow and rational
study.њь29 Theseperspectives emphasize that in singing, success depends on the combination of natural
talent and rigorous study. Vocal technique cannot be left to chance, and everydetail from body posture
to breath control must be consciously practiced transforming innate gifts into a balanced vocal
expression. At the same time, text interpretation, whether in opera, chamber music, or other genresand
the understanding of aĦőċƖċĦƣĲƖќƚpsychological portrait are fundamental. Theseelements provide the
emotional depth and authenticity necessary to move and inspire the audience. Regardingthe negative
influences affecting new generations, Renato Bruson observed: љBecause nowadays, what ruins young
singerseventhough the voices exist is the influence of radio, television, and the recording industry.њLack
of patience, along with these influences, is another major issue:љòŸƨŰŊpeople want everythinghere and
now.Ñőċƣќƚnot how opera singingworks.њFor the maestro, patience and seriousness remain the keys to
long-term success.

This idea reminds me of my professor, Greta Benini30 , who taught me at the Musik und Kunst Privat
ÖŰŔƻĲƖƚŔƣęƣder Stadt Wien. In her classes, there was a clear condition: we were not allowed to listen to
recordings, especially when preparing a role or facing the risk of љplagiarizingњan interpretative
dramaturgy practices that strip us of our individuality. Thisapproach aligns with what my professor, Iulia
AugustaSuciu31, from the GheorgheDima National Academyof Music in Cluj-Napoca, used to tell me. I
havealways valued her guidance and support.
On the other hand, one of my voice teachers, Michail Lanskoi32 , who sang alongside Renato Bruson 30
yearsago at the LudwigsburgFestival inéĲƖĬŔќƚoperas I masnadieri and GiovannaĬќ ƖĦŸ, told me that it
is important to listen to reference baritones.

28 J. Fisher and G. Kayes, This is a Voice: 99 Exercisesto Train, Project and Harness the Power of Your
Voice (p. 40; London: Wellcome Collection, 2016).
29M. GarciaJr., Scuola di Garcia. Trattato completo ĬĲũũќċƖƣĲdel canto (Part1, p. 21; Milan: Ricordi, 1970).
30 Greta Benini is an Italian pianist specializing in vocal and opera accompaniment. She studied in
Ravenna, Florence, and Bolognaand has been a laureate of several international competitions . Shehas
worked as a repetiteur at Wiener Kammeroperand Volksoper Wien, collaborating with renowned artists
and performing on major stagesacross Europeand the United States. Currently, she is a professor of
opera repetition at Musik und Kunst PrivatÖŰŔƻĲƖƚŔƣęƣder Stadt Wien. See
https://muk .ac.at/studienangebot/lehrende/details/greta-benini.html, accessed February2025.
31 Univ. Prof. Dr. Habil. Iulia Augusta Suciu is the Vice-Rector responsible for academic activities and a
repetiteur at the GheorgheDima National Academyof Music in Cluj-Napoca. Throughouther career, she
has performed numerous recitals and concerts, participating in national and international festivals. Due
to her pedagogical work, many of her graduates now perform on some of the world's most prestigious
stages, including the Metropolitan Opera, Vienna State Opera, Munich Opera, Royal Opera House, and
others.
32 Michail Lanskoi was born in Moscow and studied at the Bolshoi Theatre Singing School and the
Gnessin Institute. He earned a doctorate in musicology from the TchaikovskyConservatory in Moscow
(1990). A laureate of vocal competitions in Russia, Spain, and Austria, he has performed leading roles in
operas by Mozart, Verdi, Puccini, Rossini, and Tchaikovsky on major stages in Germany, Austria,
Switzerland, England, and Russia. He has collaborated with renowned conductors such as Helmuth
Rilling, Valery Gergiev, and Gianandrea Bramall. See https://muk .ac.at/veranstaltung/meisterklasse-
gesang-mit-michaillanskoi.html, accessed 7 February2025.



33 Somestudies conducted by R. Harris and B. M. de Jong34 suggestthat this process, known in science
ċƚШљmirror neuronsњЯШőċƚШċШclear impact on auditory-motor transformations. As the authors emphasize: 
љPassivelistening to music evokedauditory-parietal-premotor activations when subjects had attentively
listened to this music before, while the premotor activation evenfurther increased when such music
pieces had actually been practicedЮњШ35

This listening of musical literature helps to raise awareness of the technical and stylistic  aspects and to 
understand the diversity within the subcategory of the baritone voice a true culture of variability. 
Recordings of great baritones can serve as a љƓċƚƚŔƻĲ ƚĦőŸŸũњ that inspires and provides new 
perspectives, but they do not absolve us from the search for our own path. However, in interpretative and 
dramaturgical terms, it is crucial  to pay special attention to the composer, respecting the semiotics of 
the score. Authenticity and personal development remain essential, and inspiration should be used as a 
starting point, not as a substitute  for individual work. Vocal technique was a central theme in the 
interview. Renato Bruson explained: љÉŔŰŊŔŰŊ is always singing; only the style changes т Italian style, 
German style, American style, etc., but singing always remains singing.њ Chamber music taught him to 
breathe correctly and develop artistic  taste: љ7ĲĦċƨƚĲ I first sang chamber music and learned to sing 
with style and sensitivity.њ This reflects a constant concern for details and artistic  authenticity, where 
every performance must be faithful  to both the text and the emotion it conveys.
In this context, the maestro also highlighted the importance of the word in lyrical singing: љYou must
capture theċƨĬŔĲŰĦĲќƚattention; otherwise, youƽŸŰќƣhavea career,Ŕƣќƚover.Ñőċƣќƚwhy the word is very
important, and I care deeply about the word.њThis observation emphasizes that the text and its
interpretation are fundamental in creating an authentic connection with the audience. As Paul Higgins
notes in an article about the importance of the word, interpretation is not merely an imitative renderingof
the text on a musical platform; it is a profound analysis of the text, which is essential and must address
theљpoetic, formal, semantic, and aesthetic complexities of a song.њ36 Thisrelationship between music
and the word is also highlighted by the idea that љmusic is a syncretic whole and addresses the eye, the
ears, and the senses.њ37 In this whole, the word is not just a means of communication , but an element
that gives depth and meaning to the artistic act. Gestures, movement, and other visual elements 
contribute  to this unity, creating a synthesis that leads to the љċƣƣċŔŰůĲŰƣ of moral ƓĲƖŉĲĦƣŔŸŰњ and to 
harmony with the Cosmos through ethos.38 Thus, the word plays an essential role, as it is the one that
facilitates catharsisтthe purification of the soul through art.39 In this regard, B. V. Asafiev40 emphasizes
the importance of emotional expressivenessin music: љOne must be able to sing anger, compassion,
pain, jest, mockery, tenderness, kiss, cunning, bravery-in a word, the entire rangeof emotions.њ

33 M. Lanskoi, voice teacher at the Hochschule ŉƬƖMusik in Berlin and MUK in Vienna, personal
correspondence, October 20, 2024.
34 R. Harris and B. M. de Jongare researchers in the Department of Neurology at the University Medical
Center Groningen and the University of Groningen, Netherlands. Theyare also affiliated with the BCN
NeuroimagingCenter, where they specialize in neuroimagingand neurology
35 R. Harris and7ЮШ~ЮШĬĲШsŸŰŊЯШљCerebral Activations Relatedto Audition-DrivenPerformanceImageryin 
Professional MusiciansЯњШÂx§ÉШ§ EШΦЯШno. 4 (2014): https://doi.org/10.1371/journal.pone.0093681. 
36 P. HigginsЯШљ7ĲŰŢċůŔŰШBritten: Art Song, a Synthesisof Words and Music тIssuesand Approachesto
Text-SettingЯњШMaynoothMusicology, MaynoothUniversity, Maynooth, Ireland, January1, 2009, cited in 
RosenwaldЯШљTheory, Text-Setting, and PerformanceЯњШƓЮШΡΟЮШ
37 L. §ũčƖċƟƨЯШљ~ƨƚŔĦШŔŰШAntiquityЯњШpersonal blog, October 27, 2011, accessed on January9, 2025, from
https://olarasuloredana.wordpress.com/2011/10/27/muzica -in-antichitate.
38 Ibid. 
39 Ibid. 
40 Boris Vladimirovich Asafiev(July29 [O.S. July17], 1884 тJanuary27, 1949) was a Russian and Soviet
composer, musicologist, music critic, and writer, recognizedas one of the founders of Sovietmusicology. 
He was the dedicatee of ÂƖŸťŸŉŔĲƻќƚSymphony No. 1. He was born in Saint Petersburg. See
https://www.discogs.com/artist/2905491 -Boris-Asafiev, accessed February2025.



41 This idea reflects the fact that interpretation is not merely a reproduction of sound, but a complex
process of transposing emotions, where everydetail contributes to the authenticity of the interpretative
act. From Renato7ƖƨƚŸŰќƚperspective, the variability of the baritone voice is a natural phenomenon,
determined by the gifts received from God.љIt is what God or nature has given you,ƣőĲƖĲќƚnothing you
can do about it. After that, you just have to study, study, and study.њTimbre is љċdistinct and
unmistakable vocal fingerprintЯњwhich makes the opera singer authentic. Manuel Garcia Jr., who was a
Spanish opera singer (baritone), voice teacher, and music pedagogue, also known as the inventor of
laryngoscopy,42 defines timbre as: љquel carattere proprio e variabile ċũũќŔŰŉŔŰŔƣŸњыљthat unique and
infinitely variable characteristicњь. 43 Maestro Bruson made an interesting comparison between opera
and chamber music, explaining the fundamental differences in the relationship with the audience: љIn
chamber music, you are exposed; the audience is focused solely on you.њThisobservation highlights the
need for an authentic connection, an essential element for success on stage: љOtherwise, you ƽŸŰќƣ
havea career,Ŕƣќƚover.њ
In conclusion, baritone Renato Bruson offers a clear vision of lyrical singing, based on authenticity,  
discipline, and respect for the word. His response љ Ÿ.њ to the question about the need љƣŸ learn from a 
Maestro to become a ~ċĲƚƣƖŸњ reflects his belief that learning is a personal process of discovery and 
assimilation, not merely imitation . The relationship between opera and chamber music, as reflected in 
the ůċĲƚƣƖŸќƚ artistic  journey, emphasizes an essential idea: music is not just about the difficulty  of the 
repertoire, but about how we succeed in moving the audience through authenticity and emotion. The 
variability of the baritone voice transcends nationality, tradition,  or origins; it consists in the broad 
realization of the same essential idea, which is the sharing and co-involvement in a great encounter with 
the Creator of creation, manifested through the diversity of the subcategories of the baritone voice 
throughout the entire opera genre repertoire. The predominant common factor (vocal authenticity) lies in 
the difference of timbral  individuality, with each vocal instrument adapted according to the parameters 
that the individual naturally possesses. The problem of the present is that each opera artist, in one way 
or another, tries to imitate someone based on the success that individual has had. However, the reality is 
that this represents an illusory image that tends to reach a form of bovarism-the desire to live a foreign 
identity that is disconnected from ŸŰĲќƚ own authenticity. True virtue lies in discovering ŸŰĲќƚ љŸƽŰ 
őĲċƖƣЯњ through which you can give value to the љƽŸƖĬњ and, with intelligence, overall, know how to use 
your voice. Therefore, authenticity is essential; accepting the voice that the opera artist possesses, the 
body, the color, and the timbre is the most beautiful  thing, because it makes you unique. Furthermore, 
the connection between chamber music and opera highlights the complementarity of these genres. 
While opera allows for an expansive development of vocal and dramatic storytelling, chamber music 
brings intimacy and special attention to detail. This complementarity was essential in the artistic  
development of baritone Renato Bruson, who learned to combine the sensitivity and technical precision 
of chamber music with the dramatic emotion specific to opera. Together, these genres enrich the 
interpretation, placing a common and essential element at their core: the word.

41 B. V. Asafiev, cited in V. P. Morozov, ȃʒʊʔʒʒʓɹʏʑʁʅʏʎɷʎʒʎʏɺʏʐʁʎʆʪ. ȌʒʎʏɹʞʑʁʅʏʎɷʎʒʎʏʇʓʁʏʑʆʆʆШ
ʓʁʗʎʆʊʆ(TheArt of ResonantSinging. Fundamentals of ResonanceTheoryand Technique) (p. 247; 
Moscow: IP RAN, P. I. TchaikovskyStateConservatoryЯШљ ƖƣШand ScienceњШ9ĲŰƣĲƖЯШΞΜΜΞьЮШOriginal quote: 
љȋɷʀʏʔʍʁʓʝʐʁʓʝɺʎʁɹ, ʒʏʒʓʑɷʀɷʎʆʁ, ɸʏʌʝ, ʚʔʓʊʔ, ʎɷʒʍʁʚʊʔ, ʌɷʒʊʔ, ʐʏʙʁʌʔʇ, ʌʔʊɷɹʒʓɹʏ, ʒʍʁʌʏʒʓʝт
ʒʌʏɹʏʍ, ɹʒʩɺɷʍʍʔʘʔɹʒʓɹʏɹɷʎʆʇЮњШ
42љInventosĲƚƓċŶŸũĲƚ: el laringoscopioЯњШc9ШEŰĲƖŊŖċ(SummerEdition, 2011), accessed on January9, 
2025, from http://web.archive.org/web/20150222042346 
http://www.hcenergia.com/ boletinhc/verano2011/cultural.htm. 
43 M. Garcia Jr., Scuola di Garcia. Trattato completo ĬĲũũќċƖƣĲdel canto (Part 1, p. 17; Milan: Ricordi, 1970).

http://www.hcenergia.com/boletinhc/verano2011/cultural.htm
http://www.hcenergia.com/boletinhc/verano2011/cultural.htm
http://www.hcenergia.com/boletinhc/verano2011/cultural.htm
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ABSTRACT 
The intelligibility  of sung speech is a well-known issue among listeners of vocal, and particularly 
classical, music. Scientific interest in this topic has been constant but researchers have mostly 
concentrated on performances by soloists. However, choral singing and its practitioners may need more 
consideration, as it has been found that choirs are even less intelligible than soloists6 . In the present 
study, intelligibility  (as opposed to comprehensibility) is understood as a characteristic  of a text sung in a 
way that spectators can distinguish its individual sounds independently of understanding the meaning of 
the words. An online survey was carried out for 361 practitioners of choral singing (choristers, 
conductors, vocal teachers and composers), which permitted establishing a ranking of the factors 
perceived as most important  for the intelligibility  of choirs. The highest rating was attributed,  almost 
unanimously (87% of the respondents), to the ĦŸŰĬƨĦƣŸƖќƚ preparatory work, followed by hall acoustics, 
balance between the choir and the instrumental accompaniment, then the pronunciation of consonants. 
The experimental phase of this study included recording a four-part classically trained choir (11 singers) 
who sang vowel-consonant-vowel and vowel-consonant syllables comprising Italian, English and 
German consonants. 24 choral practitioners and 38 laypersons then participated in a pilot  perception 
test in which they were asked to identify eight consonants in the intervocalic and final positions recorded 
by the choir. Overall results of the pilot  study are presented in a confusion matrix. The ongoing acoustic 
analysis of the abovementioned recordings and the results of the subsequent perception test, held in 
November 2025, could shed more light on relevant factors of choral intelligibility  and hence suggest 
possible practical  solutions for the actors of choral singing. 

KEYWORDS: Speech Intelligibility, Singing, Classical Music, Phonetics, Teaching 

INTRODUCTION 
Listeners of vocal, in particular classical, music are often faced with the issue of reduced intelligibility of
sung lyrics. Numerous possible explanations of this phenomenon include vocal technique, in particular
lowered larynx and ƚŔŰŊĲƖќƚformant, characteristic of Western classical singing1 ; fundamental
frequencies and intensity levels unusual for speech2,3; vibrato2 ; distortion of the syllabic structure in the
sung text2 ;љmusical rhythm not match[ing] the prosodic speechƖőǃƣőůњ4 ; reverberanthall acoustics3 ;
the masking effect of orchestral accompaniment5 ; distance between spectators and singers3 ; listenersќ
auditory abilities5 , etc. The multiplication of voices singing simultaneously further decreases
intelligibility by around 10% in comparison to a ƚŸũŸŔƚƣќƚvoice6. Some possible reasons cited in the
literature include the so-called chorus effect, whichљarises when many voices, all with flutter and pitch
scatter, combine and create a quasirandom sound of such complexity that the normal mechanisms of
auditory localization and fusion are ĬŔƚƖƨƓƣĲĬњ7, as well as polyphony and polytextuality of choral
pieces8. At the same time, the number of singers (chorus size) does not seem to have any significant
effect on the intelligibility of a choir6 . Thisarticle offers an overviewof the methodology and preliminary
results of an ongoing research at the intersection of phonetics and languagedidactics dedicated to the
intelligibility of choral sung speech. Themain objectives of this research are to: (1) collect opinions and
best practices of the international choral community regarding the issue of intelligibility ; (2) establish
possible factors of the intelligibility of choirs; and (3) suggest practical solutions to increase the
intelligibility of texts sungby choirs.



In this study, intelligibility  (as opposed to comprehensibility) is understood as a characteristic  of a text 
sung in a way that spectators can distinguish its individual sounds т in the phonetic sense of the term т 
independently of understanding the meaning of the words. The research concentrates on choirs as 
groups of singers who sing together regularly (as opposed to ad hoc choirs created for one-shot projects) 
and perform in the Western classical tradition. 

METHODS 
The research has unfolded in two consecutive and interconnected phases, the first one based on the 
empirical methodology, the second one being experimental.

The empirical methodology focused on the research objective (1) and included: 
Åan anonymous online survey for choral practitioners (choristers, conductors, vocal teachers working 

with choirs and choral composers): the survey was constructed on the LimeSurvey platform 
(https://www.limesurvey.org/) which permitted to script the questionnaire, displaying questions in 
accordance with the ƖĲƚƓŸŰĬĲŰƣќƚ role in choral practice. The largest group of questions asked to all 
the respondents concerned the perceived importance ыљƻĲƖǃ / relatively / not at all ŔůƓŸƖƣċŰƣњь of 
various intelligibility  factors (following a 2014 study carried out by Philip Fine and Jane Ginsborg8 ); 
among other queries, the respondents were questioned about the main languages of classical choral 
singing; 

Åsemi-constructed interviews of sixteen highly experienced representatives of the choral community 
(conductors, composers, language coaches), with the purpose of obtaining more detailed and 
substantiated contributions  regarding the research subject. 

The experimental phase included: 
Å recordings: nonsense vowel-consonant-vowel (CVC) and vowel-consonant (VC) syllables set on a 

four-part musical phrase were sung in a soundproof room by eleven classically trained singers 
(sopranos, altos, tenors and basses), led by a choral conductor. The syllables comprised the /i/ - /a/  - 
/u/  vowels and German, Latin/Italian and English consonants. The choice of the consonants was 
determined by the responses to the online survey regarding the main languages of Western classical 
choral music. The musical material had been validated by previous research done by Johan Sundberg 
and Sten ÑĲƖŰƚƣƖƁů1 . The recordings were preceded by pedagogical work with the conductor and the 
singers on the IPA (International Phonetic Alphabet) transcriptions of the corpus and on the correct 
articulation  of the sounds;

Åperception test: the tracks recorded by the choir were then cut into stimuli  (separate syllables) with a 
view to their use for an online perception test following a pilot  study. For the pilot  study, eight CVC and 
VC stimuli  were presented to the choral practitioners ыљĲǂƓĲƖƣƚњь during a webinar held on the Zoom 
platform and to laypersons, mostly university linguistics students without  any singing experience 
ыљŰŸŰ-ĲǂƓĲƖƣƚњьЯ during an in-person event. The participants listened to each stimulus  twice and were 
invited to identify the consonant in each stimulus choosing among five options, without  being obliged 
to give a response regarding each stimulus when unsure of the response to be given.

RESULTS
Online  Survey
361 choral practitioners from more than thirty countries (France, Italy, New-Zealand, UK, USAand others) 
responded to the online questionnaire. One of the most salient results of this surveyis the ranking of the
factors of choral intelligibility  perceived as more or less important by representatives of the choral
community (Figure 1). The highest importance was attributed, almost unanimously (87,1% of the 
respondents evaluating it as љƻĲƖǃ ŔůƓŸƖƣċŰƣњьЯ to the choral ĦŸŰĬƨĦƣŸƖќƚ preparatory work, followed by 
hall acoustics (79,2%), balance between the choir and the instrumental accompaniment (76,2%) and 
then the pronunciation of consonants (72,6%), which, unsurprisingly, is considered to be more important  
for intelligibility  than the pronunciation of vowels (62,5%). The lowest positions in this classification  are 
occupied byũŔƚƣĲŰĲƖƚќ musical and vocal experience (7,4% of the respondents considering it as љƻĲƖǃ
ŔůƓŸƖƣċŰƣњЯ 56,2% as љŰŸƣ at all ŔůƓŸƖƣċŰƣњь and the number of choristers (6,0% as љƻĲƖǃŔůƓŸƖƣċŰƣњ and 
47,7% as љŰŸƣ at all ŔůƓŸƖƣċŰƣњь.



Figure 1. Perceived factors of choral intelligibility. Results of the online survey in percentages (%) of the 
responses. The colours are specific to this graph and are purely illustrative.

The results of the semi-constructed interviews, which complemented the responses to the online 
survey, will  be featured in further publications.

Pilot  Perception  Test 
Twenty-four experts and thirty-eight non-experts participated in the pilot  perception test. The results of 
the test are best illustrated  by a confusion matrix (Figure 2), where the targets are displayed vertically and 
the responses horizontally; the numbers in the boxes correspond to the percentage of the responses for 
each target-response pair. The highest identification  scores are characteristic  of the fricative consonants 
оӍо (91,9% of correct responses) and /f/  (88,7%), as well as of the nasal /m/  (80,6%). The lowest score is 
that of the German uvular /ύ/ (30,6%). 
The confusion matrix reveals several tendencies in the perception of sung consonants, like voiceless to 
nasal confusion (labial /p/  -> /m/),  nasal to oral confusion (labial /m/  -> /b/). Confusion is also observed 
in place of articulation  such as labial to velar (stop /p/  -> /k/), labial to dental (nasal /m/  -> /n/). Voiceless 
consonants tend to be perceived as their voiced counterparts (fricatives /f/  -> /v/, /s/  -> /z/, оӍо -> оňо; stop 
/p/  -> /b/). One exception among fricatives is the case of uvulars, where the voiced consonant is 
confused with its voiceless counterpart (uvular /ύ/ -> о͞оь. Interestingly, the German uvular consonants 
/ύ/ and о͞о are confused with /v/ in 40,3% and 24,2% of cases, respectively.



The results did not clearly reveal whether musical experience had a significant effect on response 
accuracy. Therefore, the confusion matrix reflects the combined responses of experts and non-experts. 

DISCUSSION 
The results of the online survey show, in particular,  that a number of the ƓƖċĦƣŔƣŔŸŰĲƖƚќ perceptions 
regarding the intelligibility  factors correspond to previous scientific  findings, for example to those stating 
the decrease in the intelligibility  of sung voice due to reverberant acoustics3 or to the masking effect of 
orchestral accompaniment5 . The low importance attributed  to the number of choristers corresponds to 
the abovementioned study on the chorus size and its insignificant effect on the intelligibility  of a choir6 . 
The ƖĲƚƓŸŰĬĲŰƣƚќ answers are also in line with most trends observed in the 2014 study carried out by 
Philip Fine and Jane Ginsborg (see our previous publication9 for a more detailed comparison of the 
results). At the same time, the survey reveals high importance attributed  to a factor specific to choral 
singing, that of the ĦŸŰĬƨĦƣŸƖќƚ preparatory work with singers. 
The results of the pilot  study echo some previous research on speech intelligibility  concerning, for 
example, high intelligibility  of fricative consonants and consonant confusions by place of articulation10, 
among other studies. At the same time, they reveal the confusion of voiceless consonants with their 
voiced counterparts, a trend which normally is not observed in the intelligibility  of spoken voice and may 
be proper to sung speech. The one-off confusion of the uvular /ύ/ with /v/, not fitting into a tendency, had 
been observed in at least one previous study10, however no explanation was suggested. Further analysis 
will  be necessary in case these identification  errors are reiterated in the results of the principal 
perceptual study.

CONCLUSION AND RECOMMENDATIONS 
The conclusions of this ongoing research on the intelligibility  of choirs are: 
1. from the ƓĲƖŉŸƖůĲƖƚќ perspective: 
Å the choral ĦŸŰĬƨĦƣŸƖќƚ preparatory work is perceived to be the main factor of the intelligibility  of 

choirs;
Å the number of singers is perceived to be the least important intelligibility  factor; 
Å the pronunciation of consonants is perceived to be more important for intelligibility  than the 

pronunciation of vowels; 
2. from the ũŔƚƣĲŰĲƖƚќ perspective (preliminary results): 
Å fricative consonants оӍо and /f/  sung by a choir seem to be highly intelligible; 
Å the German uvular /ύ/ sung by a choir appears to be the least intelligible;
Åvoiceless consonants tend to be confused with their voiced counterparts (/p/  with /b/,  /s/  with /z/, /f/  

with /v/, and so on). 
From the perspective of further research, the online survey has modelled the experimental phase 
orienting it towards issues relevant for the actors of choral singing. The pilot  perception study has 
permitted, in particular,  to evaluate and refine the test methodology and revealed certain consonant 
confusions to be verified on the basis of more representative sample data used in the principal 
perception test. The latter was held in November 2025, the analysis of its results as well as the acoustic 
analysis of the choir recordings are ongoing. The conclusions made at the outcome of this research 
should be able to shed more light on the relevant factors of choral intelligibility,  inform pedagogical 
strategies and suggest possible practical  solutions for the actors of choral singing.
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ABSTRACT 
Aims: Develop and implement objective acoustical parameters related to some perceptual 
characteristics of the singing voice. PARAMETERS: Vibrato: frequency F0, extension, (ir)regularity (Vibrato 
jitter,  Vibrato shimmer), Duration, Vocal intonation (mean value between the maximum and the 
minimum frequency value in each vibrato cycle). Standard deviation is computed for all parameters to 
account for the subject ability to љƚƨƚƣċŔŰњ vibrato and tone. ÉŔŰŊĲƖќƚ formant (range and amplitude): 
Quality Ratio т QR (area under the first two formants F1 e F2 divided by that of formants F3, F4, F5) with 
adaptive estimation of varying thresholds. Ideally QR=1. 

ANALYSIS: Methods: Parameters are implemented in the BioVoice tool. Free download at: 
https://github.com/ClaudiaManfredi/BioVoice. Moreover, both statistical  and classification  (Machine 
Learning) techniques were applied. 
SUBJECTS AND MATERIAL: Forty-two professional singers: 11 male operatic, 5 male jazz, 12 female 
operatic and 14 female jazz singers were asked to sing љÉƨůůĲƖƣŔůĲњ from ]ĲƖƚőƽŔŰќƚ opera Porgy and 
Bess. It involves singers at a deep emotional level, stimulates expressivity and is suited for interpretation 
both in western operatic and in jazz style. 
RESULTS show differences/similarities  among groups and points out the most relevant acoustical  
parameters according to gender and singing style. 
LIMITS: The study concerns a few subjects. Selection of the audio frame is made manually, as the 
analysis should be performed on the steady state part only. The analysis is made offline. 
FINAL REMARKS: Vibrato develops as voice training proceeds. Its objective evaluation may give useful 
information about the quality of the performance and the singing style. ÉŔŰŊĲƖќƚ formant and QR may 
help singing pedagogy to e.g. refine vocal tract  resonances. Objective analysis could be helpful for 
educational and training purposes to objectify typically perceptive quantities. However, the singing 
ƣĲċĦőĲƖќƚ experience remains fundamental. Combined audio and video analysis could improve the 
results, adding facial characteristics related to expressive skills. 

Keywords : singing voice analysis, objective parameters, operatic vs jazz singing style, statistics, 
classification. 

INTRODUCTION
Objective acoustical analysis of the singingvoice has become an increasingly important complement to
the perceptual evaluation made by expert singing teachers. While perceptual assessment remains
central in pedagogyand performance assessment, it is inherently subjective and difficult to quantify
across singers, training level, and singingstyles. Quantitative measures such as vibrato characteristics,
spectral energy distribution , and resonance features provide objective descriptors of voice production
and have been shown to correlate with perceptual qualities, both in pedagogical and musicological
areas 1. Vibrato features quantified by rate, extent, and cycle-to-cycle regularity can highlight differences
between trained and untrained voices and provide metrics for tracking the effects of voice training2.
Similarly, spectral characteristics such as the ƚŔŰŊĲƖќƚformant and the Quality Ratio (QR)offer insight
into vocal tract resonance shaping and overall timbral quality, which are crucial for operatic and jazz
singers1.



In addition to these time- and frequency-domain measures, Voice Range Profiles (VRPs)3,4,5, offer a
holistic representation of aƚŔŰŊĲƖќƚvocal capabilities by mapping dynamic range (sound pressure level)
across the full pitch range achievable by the individual. VRPs have been shown to reflect both
physiological and performance aspects of the singingvoice, including the influence of training duration,
style, and pedagogical context6. By capturing global vocal capacity in terms of pitch and loudness
potential, VRPs could effectively integrate objective analyses. The present study concerns a set of
acoustical parameters, including vibrato metrics andƚŔŰŊĲƖќƚformant, implemented in the open-source
BioVoice analysis tool7. Using statistical and machine learning techniques, differences and similar
features are exploited in the acoustic profiles of professional operatic and jazz singers of both genders,
with the goal of identifying parameter sets that may reflect stylistic and physiological variations in singing
voice production.

METHODS 
Dataset  
The dataset concerns 42 professional singers: 26 females (sopranos or mezzo-sopranos) and 16 males 
(tenors or baritones). Specifically: 23 specialized in Western operatic singing and 19 in jazz (males 
operatic: 11; males jazz: 5; females operatic: 12; females jazz: 14). Age range: 21 - 32 years for females 
and 21 - 54 years for males. All participants received advanced vocal and musical training with a 
minimum of three years of professional experience and reported no voice problems or related 
complaints. All singers were trained in both classical and jazz singing styles, which enabled stylistic  
comparisons among them. They were recruited at the Luigi Cherubini Conservatory (Firenze, Italy) and at 
private singing schools in Milano (Italy) and Ravenna (Italy). Each singer provided informed consent to 
take part in the study. 
The selected excerpt was the well-known line from Porgy and Bess: љÉƨůůĲƖƣŔůĲЯ and the livinќ is easy.њ 
After completing a vocal warm-up, each singer was asked to perform a cappella, expressing the piece in 
both operatic and jazz style. Each singer performed the excerpt twice, and the best one was chosen for 
analysis. No specific key was assigned; singers were free to choose the pitch range they found most 
comfortable. For objective vibrato analysis, the sustained /aὤm/ vowel sound from the word /sᾈůŇƣċὤm/ 
ыљÉƨůůĲƖƣŔůĲњь was selected. 
The recordings were made using a Tascam US-144 MK2 soundboard (Tokyo, Japan) and a Shure SM58 
cardioid unidirectional  microphone (frequency response: 50т15,000 Hz), both connected to a computer. 
The microphone was positioned at a fixed distance of 20 cm from the ƚŔŰŊĲƖќƚ mouth. The sampling rate 
was set at 44.1 kHz. 
BioVoice analysis  
The sustained /aὤm/ vowel sound was manually segmented, and analysed using the opensource 
BioVoice software7 . According to Manfredi et al.1 , the following 40 features were extracted:
ÅFrom F0 to F5, where F denotes the fundamental frequency and formants extracted by 

BioVoice: 
o Fx-median, Fx-mean, Fx-std, Fx-min, Fx-max (Fx=Formants F0, F1-F5) 
o Peaks in the power spectrum for each formant: pks1_PSD (for F1), pks2_PSD (for F2), pks3_PSD 

(for F3), pks4_PSD (for F4), pks5_PSD (for F5). 
ÅVibrato features: 

o Mean and standard deviation of the Vibrato rate (VRate-mean, VRate-std), mean and standard 
deviation of Vibrato extent (Vext-mean, Vext-std), Vibrato jitter (jVrate), Vibrato shimmer (sVext). jVrate 
and sVext are analogous to the well-known voice parameters jitter  and shimmer and they are used to 
assess vibrato regularity1 . 
ÅMean value of the cents of semitone for the analysed frame (Cmean). 
ÅQuality ratio (QR): is defined as the ratio of the area of the power spectral density below (F1+F2) and 

that of (F3+F4+F5 = singer's formant)1 . A specific procedure is implemented for the adaptive 
estimation of the two varying thresholds that separate (F1+F2) from (F3+F4+F5). This is indeed a new 
and relevant aspect for the estimation and automatic calculation  of the ƚŔŰŊĲƖќƚ formant. 



ÅTime domain features: Voiced duration (V-Duration), percentage of voiced parts inside the signal (%V-
Duration), unvoiced duration (U-Duration), percentage of unvoiced parts inside the signal (%U-
Duration), signal duration (Total-Duration). 

Specifically, Vibrato rate is shown in Eq.(1). The female range [4.2 т 8.1] Hz was applied to both styles and 
genders.

In Eq. (1), ti
F0maxis the time instant corresponding to the i-th maximum of F0 and N is the number of F0

maxima. Moreover, the following relation between cent and F0 was considered: (i) = 1200*3.322028403*
log10 (F0i

max / F0i
min) where i represents the i-th cycle.

Vibrato extent (Vext) is shown in Eq. (2). Is defined as the mean frequency difference between the
maximum and minimum F0 values within a single cycle (i.e., the cycle amplitude).

Further details in Manfredi et al. 1 . 

All the features extracted by BioVoice were evaluated to compare the two styles across the four groups 
considered (hereinafter: male classical, male jazz, female classical,  and female jazz). The assumption of 
normality was assessed using the KolmogorovтSmirnov test. A oneway analysis of variance (ANOVA) was 
applied to identify any statistically  significant differences (significance level = 0.05). For the pairwise 
comparisons ÑƨťĲǃќƚ honestly significant difference (HSD) test was used as a post-hoc procedure 
(specifically, male classical vs. male jazz and female classical vs. female jazz). 
Machine  learning  analysis  
Machine learning (ML) algorithms were implemented to perform separate binary classification  
experiments for the female and male datasets and the two singing styles. Signal processing was made in 
the MATLAB 2021b environment (The MathWorks, Inc., Natick, MA, USA). Specifically, the following 
classification  experiments (hereinafter referred to as Tasks) were performed:

ÅTask1 Male singers vs. Female singers 
ÅTask2 Classical style vs. Jazz style 
ÅTask3.1 and Task3.2: Classical style vs. Jazz style, male and female singers separately. 

Furthermore, the same ML experiments were repeated after excluding the F0тF5 features. The aim was to 
assess whether specific quantitative singing features (e.g., vibrato rate or QRrelated features) would 
allow discriminating between the considered classes. This approach also allowed a potential reduction 
in model complexity and could improve their interpretability 8 . The AdaBoost and Bagging supervised 
ensemble classifiers were trained and validated using a k-fold cross-validation framework (k = 10), both 
using decision trees as weak learners. During optimization, the following hyper-parameters were tuned: 
number of learning cycles, minimum leaf size, maximum number of splits, and learning rate (for 
AdaBoost only). Model performance was evaluated in terms of classification  accuracy (ACC), and the 
models were validated by selecting the configuration achieving the highest average ACC across the 
cross-validation folds. In addition, the Area Under the Receiver Operating Characteristic Curve (AUC) 
was computed and used as a complementary metric to further assess the discriminative capability of 
the ML models. Moreover, predictor importance estimates were computed for each model after the 
validation step in order to evaluate how the features computed by BioVoice contributed to class 
discrimination. 



RESULTS 
Table 1 shows the descriptive statistics  (mean (standard deviation - std)) of the acoustic features 
computed with BioVoice for classical and jazz singers, for males and females separately. Significant 
differences between styles emerged mainly for pitch, vibrato extent, vibrato jitter,  vibrato shimmer, 
quality ratio, and duration, while vibrato rate was relatively stable across groups. Classical female 
singers exhibited statistically  significant higher pitch values, greater vibrato extent, and longer note 
duration as compared to jazz singers. In contrast, jazz singers showed higher vibrato jitter,  vibrato 
shimmer, and quality ratio values, indicating greater signal variability and ƚŔŰŊĲƖќƚ formant differences. 

Table 1 т Classical vs Jazz. Statistically significant differences between singing style for each gender are 
highlighted in bold. Mean and (std).

Table 2 reports the results of the machine learning classification  experiments in terms of average 
Accuracy (ACC) and Area Under the Curve (AUC). Task1 (male vs. female) achieved the highest 
performance (ACC = 95%, AUC = 99%) using AdaBoost, confirming a strong discrimination between 
genders. Task 2 (modern vs. classical style) reached an accuracy of 80% (AUC = 85%), while style 
discrimination  within each gender (Tasks 3.1 and 3.2) showed good performance, particularly for females 
(ACC = 88%, AUC = 94%). When the F0тF5 features were excluded, a slight decrease in performance was 
observed in most tasks (notably Task1), although classification  accuracy remained satisfactory overall. 
Interestingly, Task3.2 (female jazz vs. female classical) showed a further improvement in accuracy (ACC 
= 92%), suggesting that style-related quantitative features alone may be sufficient  to separate female 
singing styles.

Table 2 т Results of ML classification  for all the proposed Tasks (average Accuracy=ACC, and AUC)

Figure 1(a) and 1(b) illustrate  the predictor importance estimates for Task 2 with and without the F0тF5 
features respectively, highlighting the relative contribution  of the acoustic parameters to style 
discrimination.

Figure 1. Predictor importance estimates for (a) Task2 Jazz vs Classical and (b) Task2 without  using F0-F5 features 



DISCUSSION
Theaim of the present work was to investigatewhether a multidimensional set of quantitative acoustical
parameters could reliably characterize stylistic (operatic vs. jazz) and physiological (male vs. female)
differences in professional singers, and whether statistical and machine learning approaches could
identify interpretable discriminative patterns. The statistical analysis shows systematic stylistic
differences, particularly in vibrato extent, perturbation measures (jitter and shimmer), quality ratio, and
voiced duration, confirming that operatic and jazz singers adopt distinct phonatory and resonance
strategies. At the same time, vibrato rate remained relatively stable across groups. Thesefindings are
consistent with earlier work showing the relevance of vibrato and spectral measures in the assessment
of singingvoice quality1.

TheML analysis further confirmed the discriminative power of the selected features. High classification
performance, especially for genderdiscrimination (Task1) and for female style discrimination (Task3.2),
indicates that the extracted acoustical parameters encode meaningful stylistic and physiological
information. Note that, even after excluding F0тF5 features, classification performance remained
satisfactory, suggesting that vibrato-related descriptors alone provide substantial information for style
recognition.

Predictor importance highlighted that the most relevant parameter to discriminate between jazz and
operatic singing styles, regardless of gender, was the duration of the voiced acoustic segment (Fig. 1a).
Indeed, the latter determines a significant increase in both duration and F0 variability, therefore
explaining the importance of F0std as well9 . When removingF0 and formants related features, the most
relevant metric was givenby Cmean (Fig. 1b), a somewhat normalizing parameter between gendersand
styles. On the other hand, vibrato pattern differences, defined here by its extent, rate and shimmer, have
been consistently associated with music genres, highlighting that jazz singers usually show a more
multiphasic, complex behaviourand greaterextent and rate2.

These findings on vibrato characteristics give an objective insight into micro-acoustic behaviours of
singing voice analysis, as compared to the VRPapproach that describes overall vocal features and
capacity3,6.Therefore, their combination could provide a comprehensive and multidimensional
evaluation of the singing voice, integrating global performance with fine-grained control and stylistic
specificity.

In future, adding features related to the emotional dimension10 could further enhance its explanatory
power. Singingis intrinsically driven by expressiveintent, and emotional states systematically influence
respiratory patterns, phonation stability, vibrato modulation, and temporal organization. Incorporating
emotion-related markers into ML models, together with perceptual and acoustic evaluations, would
likely enable a more comprehensivecharacterization of the singingvoice.

Some limitations should be pointed out. The sample size, was relatively small especially for male jazz
singers, and the analysis focused on a single musical excerpt. Future studies could expand the
repertoire, include longitudinal data, and combine VRPacquisition with excerptbased acoustic analysis
to further validate the complementary nature of these approaches. The use of ensemble ML models
provided high classification performance, but further work is needed to explore model generalizability
across largerand more heterogeneoussingerpopulations.

CONCLUSION AND RECOMMENDATIONS 
This study shows that quantitative acoustical analysis, using statistical  and machine learning 
techniques, can reliably distinguish between two singing styles in professional singers. Vibrato 
parameters, spectral features and temporal measures emerged as meaningful indicators of stylistic  and 
training-related differences. 



As vibrato develops with vocal training, its objective assessment may provide valuable information about 
performance quality and stylistic  control. These techniques could add a fine-grained information on how 
vocal capacity is used in actual performance contexts. Quantitative acoustical analysis may therefore 
support pedagogical practice with objective parameters. Such tools could assist the perceptual 
judgment of both the teacher and the singing student. Future work should consider integrating audio and 
video analysis to include expressive facial features and further enhance the multidimensional  evaluation 
of the singing voice.
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INVESTIGATION OF THE PREVALENCE OF DYSPHAGIA AND LARYNGOPHARYNGEAL REFLUX IN 
PATIENTS WITH RHEUMATOID ARTHRITIS: ITS RELATIONSHIP WITH SEROLOGICAL MARKERS, 
IMPACT ON QUALITY OF LIFE AND ENDOSCOPIC SWALLOWING EVALUATION RESULTS 
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ABSTRACT
Background
Rheumatoid arthritis (RA)is a chronic systemic inflammatory disease that may affect the oropharyngeal
and laryngeal structures, potentially leading to dysphagiaand laryngopharyngealreflux (LPR). However,
the prevalenceof these conditions and their association with diseaserelatedparameters remain unclear.

Objective
To determine the prevalence of dysphagia and LPR in patients with RA, to evaluate their impact on
swallowing-related quality of life, to investigate their relationship with serological markers and disease
activity, and to present fiberoptic endoscopic evaluation of swallowing (FEES)findings.

Methods
This prospective study enrolled patients with rheumatoid arthritis who were followed at a tertiary referral 
rheumatology outpatient clinic. Demographic data, serological findings, laboratory parameters, 
treatments, and disease activity scores (DAS28-CRP) were recorded. Swallowing-related quality of life 
and symptom severity were assessed using the Swallowing Quality of Life questionnaire (SWAL-QOL), 
Eating Assessment Tool-10 (EAT-10), and Reflux Symptom Index (RSI). All patients underwent fiberoptic  
endoscopic examination, and FEES findings were evaluated using the Penetration-Aspiration Scale and 
Reflux Finding Score (RFS). 

Results
Sixty-one patients (mean age: 59 ӆ 13 years; mean disease duration: 10 ӆ 9 years) were included. 
Seropositivity, xerostomia, and temporomandibular joint (TMJ) tenderness rates were 67.2%, 68.9%, and 
32.8%, respectively. No significant association was found between disease activity or serological 
markers and dysphagia or reflux parameters (p > 0.05). However, patients with xerostomia and TMJ 
tenderness had significantly worse SWAL-QOL, EAT-10, and RSI scores. Post-swallow residue was 
significantly higher in patients with TMJ tenderness (p = 0.014).

Conclusion
Dysphagiaand LPRin RAappear to be independent of disease activity and serological markers but are
associated with xerostomia and TMJtenderness, suggestinga potential role of local factors in swallowing
dysfunction.

Keywords: Rheumatoid Arthritis; Deglutition Disorders; LaryngopharyngealReflux; Temporomandibular
Joint; Xerostomia



INTRODUCTION
Rheumatoid arthritis (RA)is a chronic systemic autoimmune inflammatory disease primarily affecting
synovial joints1. Although articular manifestations such as symmetrical polyarthritis and morning
stiffness represent its hallmark features, RAmay also involve multiple extraarticular organsand systems.
Extra-articular manifestations are reported in approximately 17.8т40.9% of patients and may affect the
lungs, heart, skin, eyes, and the head and neck region2.
In the head and neck region, RAmay involve the atlanto-axial joint, temporomandibular joint (TMJ),and
laryngeal structures. TMJinvolvement may cause pain, restricted mandibular movement, and impaired
mastication3. Laryngealinvolvement, most commonly in the form of cricoarytenoid arthritis, may present
with hoarseness, globus sensation, dyspnea, or dysphagia and has been reported in up to 25т35% of
patients4. In addition, secondaryÉŢƁŊƖĲŰsyndrome and associated xerostomia frequently observed in
RAmay further compromise swallowing function5.
Dysphagia, defined as difficulty in the passageof solids or liquids from the oral cavity to the stomach,
may occur at the oropharyngeal or esophageal level. In RA, dysphagia is considered multifactorial ,
potentially resulting from TMJdysfunction, cricoarytenoid joint involvement, xerostomia, cervical spine
abnormalities, or medication-related esophageal irritation 5. Despite the presence of swallowing
complaints in RA, objective endoscopic assessment has not been routinely incorporated into clinical
evaluation.
Laryngopharyngealreflux (LPR),characterized by retrograde flow of gastric contents into the larynx and
pharynx, may also contribute to upper aerodigestive symptoms such as hoarseness, chronic throat
clearing, globus sensation, chronic cough, and dysphagia6. Structured symptombased and endoscopic
instruments enable standardized evaluation of laryngopharyngealreflux, yet their use in the context of
rheumatoid arthritis has been limited.
Rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) antibodies are widely used
serological markers in the diagnosis and clinical evaluation of rheumatoid arthritis. Disease activity is
commonly evaluated using the DiseaseActivity Score-28 with C-reactive protein (DAS28-CRP)7. Whether
dysphagiaand LPRare associated with serological status or diseaseactivity in RAremains unclear.
Therefore, the present study aimed to determine the prevalence of dysphagia and LPR in patients with 
RA, to evaluate their impact on swallowing-related quality of life, to investigate their association with 
serological markers and disease activity, and to present findings from fiberoptic  endoscopic evaluation 
of swallowing (FEES).

METHODS 
Study Design and Ethical  Approval  
This prospective study was conducted at a tertiary referral center as a collaborative investigation 
between the departments of rheumatology and otolaryngology. Written informed consent was obtained 
from all participants prior to enrollment.

Participants  
The study included consecutive patients diagnosed with rheumatoid arthritis (RA) who were followed at 
the Rheumatology Outpatient Clinic. Patients with a history of head and neck or esophageal surgery, 
prior chemotherapy or radiotherapy for malignancy, previous stroke, inability to cooperate, or 
inflammatory rheumatic diseases other than RA were excluded.

Clinical  and Laboratory  Assessment  
Demographic characteristics,  serological markers, laboratory findings, current treatment regimens, and 
disease duration were recorded. Disease activity was assessed using the Disease Activity Score-28 with 
C-reactive protein (DAS28-CRP), calculated based on tender joint count, swollen joint count, patient 
global assessment, and CRP levels. Serological status was determined based on rheumatoid factor (RF) 
and anti-cyclic citrullinated  peptide (anti-CCP) antibody positivity.



Swallowing and Reflux Assessment
All participants completed validated self-report questionnaires including:
иSwallowingQuality of Life questionnaire (SWAL-QOL)
иEatingAssessmentTool-10 (EAT-10)
иRefluxSymptom Index(RSI)
Otolaryngologic examination was performed using flexible fiberoptic endoscopy. Laryngealinvolvement
related to RA(e.g., cricoarytenoid fixation, subluxation, or nodules) was documented. Endoscopic reflux
findings were evaluated using the RefluxFindingScore(RFS).
All patients underwent Fiberoptic Endoscopic Evaluationof Swallowing (FEES). Swallowing function was
assessed using liquid, semi-solid, and solid consistencies. Penetration-Aspiration Scale (PAS)scores
were recorded separately for each consistency.

Statistical  Analysis  
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 23.0 (IBM Corp., 
Armonk, NY, USA). Normality of distribution  was assessed using the Shapiroт Wilk test. Categorical 
variables were compared using the chi-square test. For continuous variables, independent samples t-
test was used for normally distributed data and Mannт Whitney U test for non-normally distributed data. 
Associations between continuous variables were analyzed using Spearman correlation analysis. Logistic 
regression analysis was performed where appropriate. 
Continuous variables were expressed as mean ӆ standard deviation or median (minimumт maximum), 
and categorical variables were presented as frequency (percentage). A p-value < 0.05 was considered 
statistically  significant.

RESULTS 
A total  of 61 patients with rheumatoid arthritis (RA) were included in the study. Demographic and clinical  
characteristics are presented in Table 1. The mean age was 59 ӆ 13 years, and the mean disease duration 
was 10 ӆ 9 years. The mean DAS28-CRP score was 2.61 ӆ 0.71. Mean SWAL-QOL, EAT-10, RSI, and RFS 
scores were 83 ӆ 10, 2 ӆ 4, 9 ӆ 8, and 9 ӆ 3, respectively. 
Xerostomia was reported in 68.9% of patients and temporomandibular joint (TMJ) tenderness in 32.8%. 
On fiberoptic  endoscopic evaluation of swallowing (FEES), no penetration or aspiration was observed 
(PAS score = 1 in all patients). Post-swallow residue was detected in 52.5% of patients. 
Associations between clinical  parameters and swallowing- and reflux-related outcomes are summarized 
in Table 2. Among all evaluated variables, statistically  significant associations were observed only for 
xerostomia and TMJ tenderness. Patients with xerostomia demonstrated significantly lower SWAL-QOL 
scores and higher EAT-10 and RSI scores (p = 0.005, p = 0.005, and p < 0.001, respectively). Similarly, TMJ 
tenderness was associated with lower SWAL-QOL and higher EAT-10 and RSI scores (p = 0.046, p = 
0.003, and p = 0.021, respectively). 
Post-swallow residue was significantly more frequent in patients with TMJ tenderness (p = 0.014). An 
association between residue and ÉŢƁŊƖĲŰ syndrome was also observed (p = 0.030). No significant 
associations were found between swallowing or reflux outcomes and sex, treatment variables, 
serological status, comorbidities,  PPI use, or disease activity (all p > 0.05). 
Correlation analysis revealed a weak inverse association between DAS28-CRP and RSI scores (r = 
ҽ0.271, p = 0.035), whereas no significant correlations were observed between disease activity and other 
swallowing-related parameters.



Tables 
Table 1. Demographic  and Clinical  Characteristics  of the Participants

Table 2. Association  between  Clinical  Variables  and Swallowing  and Reflux Outcomes

DISCUSSION 
Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease in which extra-articular 
manifestations frequently involve the head and neck region. Temporomandibular joint (TMJ) involvement, 
laryngeal pathology, and salivary gland dysfunction are well-documented features of RA and may 
substantially affect swallowing function. Although previous studies have reported an increased 
prevalence of dysphagia in RA compared to the general population, the mechanisms underlying 
swallowing impairment and its relationship with disease activity remain incompletely understood8 . 
In the present study, swallowing-related quality of life, dysphagia severity, reflux symptoms, and 
objective endoscopic findings were evaluated in patients with RA. The most important  finding is that 
dysphagia- and reflux-related symptoms were significantly associated with xerostomia and TMJ 
tenderness, whereas systemic disease activity (DAS28-CRP), serological status (RF and anti-CCP), and 
most treatment variables were not.



Temporomandibular joint (TMJ) involvement represents a frequent extra-articular manifestation of 
rheumatoid arthritis and may significantly affect mastication and oral function. TMJ inflammation  may 
result in pain, crepitation,  restricted mandibular movement, and impaired mastication9 . Effective bolus 
preparation depends on coordinated mandibular mobility and adequate chewing efficiency. In our 
cohort, TMJ tenderness was significantly associated with lower SWAL-QOL scores, higher EAT-10 scores, 
increased RSI values, and a higher frequency of post-swallow residue on FEES. These findings support 
the hypothesis that mechanical factors related to mastication and oral-phase dysfunction play a central 
role in swallowing impairment in RA. 
The presence of post-swallow residue in more than half of the patients further strengthens this 
interpretation. Residue formation, particularly in the absence of penetration or aspiration, may reflect 
inefficient  bolus formation and propulsion rather than severe pharyngeal dyscoordination. Notably, no 
penetration or aspiration events were observed in this study. This finding is consistent with previous 
reports demonstrating that RA patients may report dysphagia symptoms despite normal instrumental  
swallowing assessments10. The discrepancy between subjective symptom burden and objective 
aspiration risk suggests that swallowing impairment in RA may often be subtle, quality-of-lifeтdriven and 
primarily related to oral and mechanical factors.
Xerostomiawas strongly associated with symptom severity. Becausesaliva is crucial for bolus formation
and lubrication , impaired salivary function may contribute to inefficient swallowing and heightened
symptom perception. In our study, xerostomia was significantly associated with worse SWAL-QOL and
EAT-10 scores, as well as higher RSIscores. These results underscore the impact of oral dryness on
eating comfort and swallowing perception in patients with RA. Interestingly, xerostomia was strongly
linked to subjective symptom scales but not to objective penetrationтaspiration findings, highlightingthe
importance of patient-reported outcome measures in clinical assessment.
In contrast to these local factors, systemic disease parameters showed limited association with
swallowing dysfunction. Seropositivity, which is often linked to more aggressivedisease and higher rates
of extra-articular manifestations8, was not associated with dysphagia- or refluxrelated measures in our
cohort. Similarly, DAS28-CRPscores were not positively correlated with SWAL-QOL, EAT-10, or RFS. A
weak inverse correlation between DAS28-CRP and RSI scores was observed, suggesting that reflux
symptoms may not directly parallel systemic disease activity. However, DAS28-CRPprimarily reflects
peripheral joint activity and systemic inflammatory markers and does not incorporate TMJinvolvement,
cricoarytenoid arthritis, or salivary gland dysfunctionуstructures directly relevant to swallowing
physiology. Therefore, patients may experienceclinically meaningful head and neck involvement despite
low or moderate systemic diseaseactivity scores.
No significant associations were found between treatment type (steroids, conventional DMARDs, 
biological DMARDs, or PPI use) and swallowing-related scores, suggesting that swallowing dysfunction 
may not be solely influenced by systemic anti-inflammatory therapy. While immunosuppressive 
therapies effectively reduce synovial inflammation,  their impact on local mechanical factors such as TMJ 
structural  changes or chronic salivary dysfunction may be limited . 
Objective laryngoscopic findings, as assessed by the Reflux Finding Score (RFS), did not differ 
significantly across demographic, serological, or treatment-related variables. In our cohort, 
laryngoscopic reflux signs appeared to occur independently of systemic disease characteristics. 
Moreover, endoscopic findings may not always directly parallel symptom severity or reflect real-time 
reflux activity. Therefore, the absence of a clear relationship between RFS and systemic disease 
parameters in our study is not unexpected.
Overall, our findings suggest that swallowing impairment in RA is predominantly driven by localized 
structural  and functional  factorsуparticularly TMJ dysfunction and xerostomiaу rather than by systemic 
inflammatory burden. This perspective challenges the assumption that dysphagia in RA necessarily 
parallels global disease activity and underscores the need for targeted head and neck evaluation.



Limitations  
Several limitations  should be acknowledged. First, the study was conducted in a single tertiary center 
with a relatively modest sample size, which may limit  generalizability. Second, the crosssectional design 
precludes causal inference between RA-related factors and swallowing dysfunction. Third, although 
FEES was used as an objective method, complementary techniques such as videofluoroscopic 
swallowing studies could have provided additional physiological detail. Fourth, subgroup analysesу
particularly in patients with ÉŢƁŊƖĲŰ syndromeуwere limited  by small numbers. Finally, detailed analysis 
of cumulative medication exposure and dosage effects was beyond the scope of this study and may 
have influenced symptom profiles. 
Despite these limitations,  the prospective design and combined use of validated symptom scales and 
objective endoscopic assessment strengthen the reliability of our findings.

CONCLUSION AND RECOMMENDATIONS 
In patients with rheumatoid arthritis,  dysphagia and laryngopharyngeal reflux symptoms appear to be 
largely independent of systemic disease activity and serological status. Xerostomia and 
temporomandibular joint tenderness emerged as the principal factors associated with impaired 
swallowing-related quality of life and increased symptom burden. Although no penetration or aspiration 
was observed, post-swallow residue was common and significantly linked to TMJ tenderness, suggesting 
subtle but clinically  relevant mechanical alterations in swallowing. 
These findings highlight the importance of comprehensive head and neck evaluation in RA patients 
presenting with swallowing complaints,  regardless of systemic disease activity level. Future larger-scale 
and longitudinal studies are warranted to further elucidate the mechanisms underlying swallowing 
dysfunction in RA and to determine whether targeted management of TMJ dysfunction and xerostomia 
can improve functional  outcomes. 
From a clinical  perspective, our findings emphasize that swallowing complaints  in RA should not be 
attributed  solely to systemic disease activity. Even patients with low DAS28-CRP scores may experience 
clinically  meaningful dysphagia related to TMJ involvement or xerostomia. Routine assessment of jaw 
pain, chewing difficulty,  and oral dryness may help identify individuals at risk of swallowing impairment. 
Early referral for otolaryngologic evaluation and instrumental  assessment, when indicated, may improve 
symptom recognition and management. A multidisciplinary  approach integrating rheumatology and 
headтneck expertise appears essential for comprehensive RA care.
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VIBRATOSCOPE: AN OPEN-SOURCE PYTHON TOOLKIT FOR VIBRATO ANALYSIS IN THE SINGING 
VOICE 

Tiago9ƖƨǍДЯШÂĲĬƖŸШ ŰĬƖċĬĲЕШ
ДШFonoTech ĦċĬĲůǃШЕШCurtin University

ABSTRACT 
Introduction  
Vocal vibrato is a key expressive feature in singing, characterized by periodic modulations of 
fundamental frequency (fo). Accurate quantification  of its rate, extent, and regularity is essential for 
pedagogical, clinical,  and stylistic  research. However, existing tools often face limitations  regarding 
platform dependency, proprietary licensing, or lack of automation for large-scale datasets. This paper 
introduces VibratoScope, an open-source, extensible Python-based toolkit  designed to address these 
needs through both interactive and automated workflows. 

Methods  
VibratoScope integrates a graphical user interface (GUI) for manual inspection and a batchprocessing 
mode for large datasets. The software supports multiple  fo extraction algorithms (Praat, YIN, HPS, and 
REAPER) and employs a modular pipeline: (1) fo extraction and outlier filtering; (2) vibrato isolation via a 
3т9 Hz band-pass filter; (3) cycle segmentation using peak/trough detection; and (4) computation  of 
metrics including rate, extent, jitter indices (Local, RAP, PPQ5, DDP), coefficient  of variation (CoV), and 
Sample Entropy (SampEn). Results are exported as structured CSV files and diagnostic PNG reports.

Results
The toolkit  was validated using synthetic stimuli  and real operatic recordings. In synthetic vowels, vibrato 
rate errors remained within ӆ0.03 Hz. For real singing excerpts across eight vocal classifications  
(Soprano to Bass), fo tracking was robust with no octave errors. Vibrato rate estimates showed high 
agreement with semi-automated reference standards (p > 0.05). While a systematic overestimation of 
extent was noted in lower voice types (15т20 cents), the results remained consistent across all 
extraction methods, demonstrating the tool's reliability for comparative analysis. 

Conclusions  
VibratoScope provides a transparent, reproducible, and scalable framework for vibrato analysis. By 
combining traditional  pitch metrics with dynamical measures like Sample Entropy, it offers a 
comprehensive tool for voice scientists and teachers. The software is freely available under the MIT 
license, encouraging community-driven development and integration into diverse research pipelines. 

KEYWORDS Vibrato; Singing; Signal Processing, Computer-Assisted; Acoustics

INTRODUCTION 
Vocal vibrato is typically described as a periodic modulation of fundamental frequency that contributes
to expressive intent and is often discussed in relation to vocal quality and musical ƚƣǃũĲДЯЕBeyond its
perceptual and aesthetic relevance, vibrato is also a measurable acoustic phenomenon that can be
quantified through parameters such as rate (modulation frequency, in Hz) and extent (modulation
magnitude, typically expressed in cents or semitones). Although these parameters are widely used in
research and pedagogy, their accurate estimation depends on robust analysis tools and transparent
workflows. A recurring methodological concern in vibrato research is the need to quantify not only mean
rate and mean extent, but also how consistently these characteristics are maintained over time. One
approach has been to examine local maxima and minima across successive cycles to derive
instantaneous values, then summarize central tendency and variability.Ж



More recently, vibrato regularity has also been examined using measures that capture signal
predictability and structure, such as sample entropy, in addition to conventional descriptors of
dispersion.ЗIn practice, however, researchers and clinicians often face a trade-off between detailed
analysis and feasible workflow: manual procedures can be time-consuming, while automated tools may
be limited by licensing, platform constraints, or insufficient batch-processingsupport. Another key issue
is the dependence of vibrato metrics on the quality of the underlying fo contour. Pitch-extraction
algorithms vary in performance depending on signal characteristics such as harmonic structure,
background interference, and the magnitude of modulation. In this context, careful validation of pitch
tracking and downstream vibrato extraction is essential for credible inferenceИ
VibratoScopewas developed to provide an open-source, cross-platform toolkit for highresolution vibrato
analysis that supports both interactive inspection and automated processing. The software is
implemented in Python and distributed under the MIT license. It integrates multiple pitch-extraction
options (including Praatautocorrelation, YIN,and REAPER),computes standard vibrato metrics (rate and
extent) together with variability descriptors (CoV, jitter indices computed on vibrato cycle durations) and
sample entropy, and exports results in structured formats suitable for statistical workflows and
reproducible pipelines. In addition to describing the toolkit , this paper reports validation using synthetic
vibrato stimuli with known ground truth and real singing excerpts benchmarked against a semi-
automated reference method.

METHODS 
Software Design And Workflows VibratoScope is organized as a modular application with two 
complementary modes: (i) a GUI workflow for visual inspection and manual region-of-interest (ROI) 
selection, and (ii) a batch workflow for automated processing of multiple  audio files under consistent 
parameter settings. In GUI mode, the user loads an uncompressed PCM .wav file, inspects the 
spectrogram display, and selects one or more ROIs for analysis. The software then computes the fo 
contour, isolates the vibrato-related modulation band, segments vibrato cycles via peak and trough 
detection, and outputs summary metrics alongside diagnostic visualizations. In batch mode, users 
select a directory of .wav files and process each file in its entirety without manual ROI selection, 
producing cycle-level CSV outputs,  summary CSV files (region/file level), and diagnostic PNG plots.



Figure 1. Processing pipeline of VibratoScope. Audio is loaded and (in GUI mode) ROIs are selected. 
Pitch extraction is performed using a user-selected method, vibrato-related modulation is isolated via 
band-pass filtering, peaks and troughs are detected to segment cycles, and metrics are computed. 
Outputs include CSV summaries and PNG diagnostic reports. 

Analysis  Pipeline  
The analysis begins by extracting an fo contour using one of the supported methods. Praat extraction is 
implemented via Parselmouth using an autocorrelation ċƓƓƖŸċĦőЯЙ YIN is implemented via librosa.pyinЯК 
and REAPER is integrated as an external command-line pitch estimator.Л Pitch outliers are filtered using a 
median-plus-MAD criterion with a threshold of 3 Ҿ MAD. The resulting pitch contour is converted to a 
cents scale relative to its median value, resampled at 100 Hz, and filtered using a zero-phase 4th-order 
Butterworth band-pass filter  with a 3т9 Hz passband to isolate vibrato-related modulation. Peak and 
trough detection is then applied to the filtered contour, using a prominence threshold of 5 cents and a 
minimum spacing of 5 resampled points (approximately 50 ms) to define cycle boundaries.

Vibrato cycles are represented through successive extrema defining half-cycles. The instantaneous 
vibrato rate is computed as the reciprocal of twice the half-cycle duration, and the instantaneous half-
extent is computed as half the peak-to-trough swing expressed in cents. Summary statistics  are 
calculated as averages of instantaneous values (e.g., global mean rate and global mean extent). 
Additional variability descriptors include coefficient  of variation (CoV = 100 Ҿ SD/mean) computed for 
both rate and extent. 



Sample entropy is computed separately for the sequences of instantaneous vibrato rate and 
instantaneous vibrato extent, using embedding dimension m = 2 and tolerance r = 0.2 Ҿ ͚Я where ͚  is the 
standard deviation of the analyzed sequence. VibratoScope also computes jitter  indices (Local, RAP, 
PPQ5, DDP) on vibrato cycle durations rather than glottal cycles. Outputs include: (i) a detailed cycle-
level CSV file containing timestamps, instantaneous rate, half-extent, and cycle duration; (ii) summary 
CSV files reporting means, standard deviations, CoV, jitter  indices, and SampEn; and (iii) a diagnostic 
multi -panel PNG report to support visual inspection and documentation.

Validation  Design 
Two validation datasets were used. 
1. Synthetic  Vibrato  Stimuli  
Sustained vowels /a/,  /i/, and /u/  were synthesized using MADDE (Tolvan Data). Each vowel was rendered 
at three nominal pitches (C3, C4, C5), with fixed duration (5 seconds), 44.1 kHz sampling rate, and 16-bit 
resolution. Ground-truth vibrato parameters were generated by modulating the glottal source frequency 
using three vibrato rates (5, 6, 7 Hz) and three half-extents (0.3, 0.5, 0.8 semitones; equivalent to 30, 50, 
80 cents), yielding 27 stimuli  per vowel. No additional reverberation or filtering was applied. 
2. Real Singing Material  
A dataset of commercial recordings of the aria љOmbra mai ŉƨњ from cċŰĬĲũќƚ Xerxes was analyzed. Vocal 
tracks were isolated using the Music.ai voice separation workflow, and vibrato-rich excerpts were 
selected for analysis. The same excerpts were analyzed using a semi-automated procedure based on 
published protocols,  providing reference values for vibrato rate and extent.МЯ ДГ These reference 
annotations were compared with VibratoScope outputs obtained from manually defined ROIs and fully 
automated extraction.

Statistical  Analysis
For synthetic stimuli,  Wilcoxon signed-rank tests were used to compare extraction errors against zero. 
For real singing material, Wilcoxon signed-rank tests compared automatic  estimates against semi-
automated reference values, with effect sizes reported as r.

RESULTS 
Synthetic  Stimuli  
Across synthetic vowels and pitches, VibratoScope produced vibrato rate estimates closely aligned with 
nominal targets (5, 6, and 7 Hz), with typical absolute deviations below ӆ0.03 Hz. 
Vibrato extent estimates also showed strong agreement with expected values. In the highest extent 
condition (80 cents), underestimation was noted (with median errors near т5 cents at C3), while other 
conditions showed small deviations with limited variability. 
No systematic pitch-tracking errors were observed in synthetic stimuli : extracted mean fo closely 
matched expected values, with correct dominant-harmonic identification . In rare cases of unreliable fo 
tracking, the algorithm automatically  selected the next most prominent harmonic to preserve accurate 
cycle detection. 
Wilcoxon signed-rank tests indicated statistically  significant deviations from zero error for rate and extent 
across methods (p < 0.05), with moderate effect sizes (r Ӈ 0.41т0.46), while the absolute magnitudes of 
errors remained small. 



Real Singing Excerpts  
In real singing excerpts spanning eight vocal classifications (Soprano, Mezzo-Soprano, Alto, Boy Soprano, 
Countertenor, Tenor, Baritone, Bass), vibrato rate estimates showed generally good agreement with semi-
automated reference values, with errors distributed close to zero and relatively narrow interquartile  
ranges. A tendency toward underestimation was noted in Alto, Boy Soprano, and Bass (median errors 
around т0.05, т0.1, and т0.15 Hz, respectively), while Soprano showed slight overestimation with low 
overall error. 
Consistent with these trends, statistical  testing confirmed no significant differences between automatic  
rate estimates and reference annotations (p values reported in Table 1). 
In contrast, vibrato extent estimates showed a general overestimation bias that was most pronounced in 
lower-pitched voices, particularly Baritone and Bass, where median extent errors exceeded 15т20 cents. 
Wilcoxon tests for extent comparisons yielded statistically  significant differences with moderate effect 
sizes (r = 0.556т0.672, depending on method). 
Despite these systematic differences in extent, no pitch-tracking failures or harmonic misassignments 
were observed in the real singing dataset, and octave errors were avoided. 

DISCUSSION 
This paper presented VibratoScope as an open-source Python toolkit  intended to support reproducible 
vibrato analysis through both interactive (GUI-based) inspection and automated (batch) workflows. The 
validation strategy combined controlled  synthetic stimuli  with real commercial  recordings benchmarked 
against a semi-automated reference procedure. In synthetic conditions, the observed vibrato rate 
deviations were small (within ӆ0.03 Hz), and extent deviations were similarly limited  (typically within a 
few cents), indicating that the pipeline can recover known modulation parameters across multiple  vowel 
and pitch conditions. In real singing excerpts, the primary finding was a strong agreement in vibrato rate 
across voice types and extraction methods, accompanied by a consistent, method-wide tendency to 
overestimate vibrato extent, especially for lower-pitched voice types. The extent bias was systematic 
rather than sporadic, appearing across methods and reflected in moderate effect sizes in statistical  
comparisons. Practically, this pattern suggests that relative comparisons (e.g., between methods, 
conditions, or groups) remain feasible when the same configuration and workflow are used consistently, 
while absolute extent values in lower voices should be interpreted with added caution. 
The lack of pitch-tracking failures and the reported avoidance of octave errors across diverse voice types 
supports the stability of the integrated pitch-extraction and outlier-handling procedures. Because vibrato 
metrics depend on reliable segmentation of cycles, the combination of band-pass isolation (3т9 Hz), 
cycle delineation via peak/trough detection, and structured reporting (cycle-level data plus diagnostic 
plots) is intended to make analytical decisions more transparent and easier to audit. 
From a usability perspective, éŔĤƖċƣŸÉĦŸƓĲќƚ dual-mode design addresses common workflow needs: 
GUI-based ROI marking supports careful inspection and targeted analysis, while batch mode supports 
large-scale processing in which identical parameter settings are applied across files. The inclusion of 
sample entropy and cycle-based jitter  indices provides additional descriptors of vibrato regularity 
beyond mean rate and extent, aligning with research interest in temporal consistency. 

CONCLUSION AND RECOMMENDATIONS 
VibratoScope is an open-source, cross-platform toolkit  implemented in Python for quantitative vibrato 
analysis in singing recordings. It integrates multiple  pitch-extraction methods, isolates vibrato-related 
modulation using a 3т9 Hz band-pass filter,  segments vibrato cycles via peak/trough detection, and 
computes vibrato rate, vibrato extent, cycle-based jitter  indices, coefficient  of variation, and sample 
entropy. Outputs are exported as structured CSV files and diagnostic PNG reports to support 
reproducibility and downstream analysis. 
Validation using synthetic vowels demonstrated close agreement with known ground-truth parameters, 
and analysis of real singing excerpts showed high agreement for vibrato rate against semi-automated 
reference values, with a consistent overestimation trend in vibrato extent for lower voice types. 



For applied use, two recommendations follow directly from the findings: (1) when comparing groups or 
conditions, maintain the same extraction method and parameter settings across the dataset; and (2) 
when reporting absolute extent values in lower-pitched voices, acknowledge the observed systematic 
overestimation and consider interpreting extent results primarily in comparative terms within a 
consistent workflow. The software is distributed under the MIT license and is publicly available at: 
https://github.com/tiagolbc/vibratoscope . 
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ABSTRACT 
Introduction : Vocal performers often receive intensive artistic  training while having limited  structured 
education in voice science and vocal health. This gap may contribute to inefficient  technique, delayed 
recognition of voice problems, and preventable vocal injuryуparticularly in training programs that 
include diverse singing styles such as mugham and Western classical voice. 

Goal: To describe the implementation  and educational outcomes of a semester-long Vocology course 
delivered to second-year vocal students at the School of Arts of Karabakh University. 

Methods : A Vocology course was integrated into the curriculum  for one academic semester (16 weeks; 
32 class sessions) and delivered to 13 second-year students (10 mugham-track, 3 classical-track). 
Teaching covered functional  vocal anatomy and physiology, basic voice physics, acoustic characteristics  
of voice, mechanisms of voice production,  principles of efficient voice use, foundational voice disorders 
and practical  management strategies, and professional voice care and prevention. Baseline 
understanding was explored during the first session using targeted questions on laryngeal/vocal fold 
anatomy. Learning was evaluated throughout the semester using continuous assessment and end-of-
semester performance measures (the course average score was recorded). 

Results : Initial baseline knowledge was limited: in the first session, only one student provided a partially 
correct response regarding vocal fold anatomy, while the remaining students were unable to answer. By 
the end of the semester, students demonstrated competency across the planned domains, including an 
improved conceptual understanding of voice production and acoustics, and increased awareness of 
vocal hygiene, early symptoms of common voice disorders, and practical  strategies for prevention and 
self-management. The mean course score across the semester was 81%. 

Conclusion : Introducing a structured Vocology course into undergraduate vocal training was feasible 
and was associated with substantial gains in voice-science literacy and vocal health awareness among 
both mugham and classical voice students. 

Keywords : Voice; Vocology; Vocal education; Voice science; Professional voice

INTRODUCTION 
Vocal education traditionally emphasizes artistic  interpretation, repertoire, style, and technical mastery, 
often transmitted  through mentorship and studio practice. While this approach is essential for musical 
development, it may underrepresent explicit instruction  in voice science, vocal health, and prevention of 
voice problems. When foundational concepts are not taught in a structured way, students may rely 
primarily on imitation  and instinct,  with limited understanding of the biomechanical and acoustic 
principles that underpin efficient phonation and resonance1. 



This educational gap is particularly relevant in regions where singers train simultaneously in Western 
classical and traditional  styles. In the South Caucasus, and in Azerbaijan specifically, mugham training is 
widely practiced alongside classical vocal education. Mugham performance may involve extended 
melismatic  passages, modal improvisation, emotionally intense declamation, and frequent high-
tessitura singing, all of which can increase vocal load. Classical singing entails different technical goals 
and resonance strategies, yet it similarly demands sustained practice and performance under time 
pressure. Despite stylistic  differences, both traditions depend on the same biological instrument and are 
vulnerable to maladaptive compensations when early symptoms are not recognized and when vocal load 
is not managed systematically.
Vocologyуintroduced as a term to describe the science and practice of voice habilitationу integrates 
anatomy, physiology, acoustics, and behavior change to support optimal and sustainable voice use2. In 
contemporary training environments, vocology concepts are increasingly operationalized through 
multidisciplinary  teaching that connects classroom learning to real-world voice use. Large, technology-
enabled interprofessional teaching events have demonstrated that students value seeing dynamic 
laryngeal function,  learning the range of normal variation, and linking visual information to proprioceptive 
and auditory feedback, which can strengthen understanding of the vocal mechanism and vocal health 
behaviors 3-5. 
Although vocology content is increasingly present in many European and North American music and 
performing arts programs, it has not been widely embedded in undergraduate vocal curricula in 
Azerbaijan and several other post-Soviet settings. To address this need, the School of Arts of Karabakh 
University introduced a semester-long Vocology course for second-year vocal students. The present 
manuscript describes the course structure, baseline observations, and end-of-semester outcomes in a 
mixed cohort of mugham-track and Western classicaltrack  students. From a pedagogical perspective, 
early exposure to voice-science concepts may improve ƚƣƨĬĲŰƣƚќ ability to interpret technical 
instructions  (e.g., breath management, resonance strategies, registration) in relation to measurable 
physiological and acoustic mechanisms. Such literacy can support more consistent self-monitoring, 
improve communication  between students and teachers through shared terminology, and provide a 
rational basis for adapting technique during periods of increased rehearsal and performance demands.
METHODS 
The course design was informed by Dr. lũƣĲƖ ?ĲŰŔǍŸŌũƨќƚ Vocology course delivered to singing students in 
the Opera Department (Major Art Branch) of the Dokuz EǃũƬũ University State Conservatory, which served 
as a practical  reference framework for defining the curriculum structure and learning objectives. 
Setting And Participants  
The Vocology course was implemented at the School of Arts of Karabakh University and delivered to 
second-year students enrolled in vocal education. The cohort included 13 students: 10 students in the 
mugham track and 3 students in the Western classical vocal track. The course was conducted over one 
academic semester (16 weeks) and consisted of 32 class sessions. 
Course Content  And Delivery  
The curriculum  was organized to provide a structured introduction  to core vocology concepts with direct 
relevance to singing practice. Content domains included: (1) functional  vocal anatomy and physiology; 
(2) basic physics relevant to voice; (3) acoustic characteristics of voice; (4) mechanisms of voice 
production; (5) principles of efficient and sustainable voice use; (6) foundational voice disorders and 
practical  prevention/self-management strategies; and (7) professional voice care and vocal-load 
management. 
Instruction progressed from basic structureтfunction relationships to application. Early sessions 
focused on anatomical orientation, vocal fold vibration, and respiratoryтphonatory coordination. Mid-
semester sessions emphasized acoustic sourceтfilter  concepts (harmonics, formants) and their 
relationship to perceived voice quality and stylistic  goals. Later sessions addressed common voice 
problems in singers (e.g., fatigue, strain, hoarseness), preventive routines, and decision points for 
seeking professional assessment. Teaching methods included short lectures, guided discussion, 
applied demonstrations, and group activities aimed at transferring theoretical concepts into everyday 
practice habits. 



Baseline  Knowledge Assessment  
Baseline understanding was explored during the first session using targeted questions on laryngeal and 
vocal fold anatomy and basic concepts related to voice production. Responses were summarized 
descriptively to characterize prior exposure to voice-science terminology and concepts. 

Learning Assessment  
Learning was evaluated throughout the semester using continuous assessment and a midterm quiz. 
End-of-semester achievement was summarized using the overall course average score. In addition, an 
applied group task (television-style health messaging project) was used to evaluate ƚƣƨĬĲŰƣƚќ ability to 
translate vocology principles into clear, performance-relevant communication . The applied task required 
students to present short scenarios and explanations using correct terminology and prevention-oriented 
guidance suitable for peer audiences. 

Clinical  Screening And Applied  Therapy Component  
As part of the course, all students underwent laryngostroboscopic examination for educational 
screening purposes. Findings were discussed individually, and students with identified voice disorders 
received targeted counseling and practical  instruction  in the DoctorVox voice therapy method. Two class 
sessions were fully dedicated to teaching and practicing these techniques, with an emphasis on safe 
phonation, reduction of phonatory effort, and carryover into studio singing tasks. Only aggregated, non-
identifiable findings are reported in this manuscript. 

RESULTS 
Baseline  Knowledge 
Baseline voice-science literacy was low across the cohort. In the initial  assessment, 1 of 13 students 
correctly identified the vocal folds and described their basic function,  whereas 12 of 13 students were 
unable to answer or provided unrelated responses. Core terms frequently used in voice science and 
vocal health education (resonance, subglottic pressure, and vocal hygiene) were unfamiliar to all 
participants. 

End-Of-Semester  Outcomes  
By Week 16, all students demonstrated acquisition of core foundational competencies. All participants 
(13/13) could label key anatomical structures relevant to phonation (vocal folds, larynx, epiglottis) and 
describe their functional  roles using appropriate terminology. Students also demonstrated 
understanding of basic acoustic concepts relevant to voice production, including harmonics and 
formants, and were able to relate these concepts to perceptual voice qualities and singing technique in 
classroom tasks (Figure 1). 

Assessment  Performance  And Applied  Task 
All students passed the midterm quiz (13/13; 100% pass rate), with scores ranging from 60% to 90%. The 
mean course score across the semester was 81% (Figure 2). The applied group television-style project 
received positive evaluations from instructors  and peers, indicating that students could convey accurate 
vocal health messaging and apply course concepts in performance-based scenarios. 

Laryngostroboscopic  Findings And Therapy-Related Outcomes  
Laryngostroboscopic screening identified voice disorders in 6 of 13 students (46%). Four students 
presented with hypotonic dysphonia, and two students were found to have vocal fold nodules. Following 
sessions focused on the DoctorVox voice therapy method, all students reported improvement in vocal 
performance and/or vocal comfort  during their routine vocal training. 



Student  Feedback 
Qualitative feedback collected informally during and after the course described the content as practical  
and relevant. Several students indicated that the course should be mandatory within vocal training. 
Mugham-track students frequently reported improved self-monitoring, including earlier recognition of 
vocal discomfort  and increased ability to make independent technical adjustments informed by course 
concepts. 

DISCUSSION 
The present findings support the educational value of integrating structured voice science and vocology 
content into undergraduate vocal training. The course outcomes align with prior work in vocology and 
vocal pedagogy suggesting that systematic instruction  in anatomy, physiology, acoustics, and vocal 
health can strengthen ƚƣƨĬĲŰƣƚќ self-regulation and contribute  to long-term vocal sustainability 5,6. In our 
cohort, the combination of foundational scientific  concepts with applied tasks appeared to facilitate  
transfer from theoretical knowledge to performance-relevant behaviors. 

The applied project component suggests that students were able to translate theoretical content into 
functional  communication  and performance-oriented skills. In particular,  the televised group project 
simulated elements of real-life performance pressure and required students to integrate technical 
terminology with accessible, informal communication . This format reinforced confidence, spontaneity, 
and stage presence, while allowing students to practice vocal projection and endurance in semi-
structured scenarios. From an educational perspective, these observations are consistent with 
technology-enabled and interprofessional approaches described in the literature, where students report 
that observing dynamic laryngeal function and receiving expert commentary strengthens the link 
between what they hear, feel, and understand about voice production 3. 

Similarly, the group task on voice physics appeared to support comprehension of abstract acoustic 
principles by anchoring them in the familiar framework of ƚƣƨĬĲŰƣƚќ own singing. This approach may 
reduce the perceived distance between љƚĦŔĲŰĦĲ ĦŸŰƣĲŰƣњ and studio practice, thereby improving 
engagement and conceptual depth. Comparable curriculum  initiatives in conservatory settings have 
reported increased student engagement and enhanced understanding when vocology is introduced early 
in training 5. 

An additional and clinically  relevant component of this course was the integration of 
laryngostroboscopic screening and targeted voice therapy instruction . The identification  of hypotonic 
dysphonia and vocal fold nodules in a substantial subset of students underscores the practical  need to 
embed vocal health literacy within vocal education. Importantly, the post-course improvement noted by 
students should be interpreted cautiously: improvement was self-reported and was not assessed using 
standardized symptom scales or objective acoustic/aerodynamic measures. Accordingly, these 
observations should be considered educationally meaningful signals rather than causal evidence of 
treatment efficacy. Future iterations should incorporate validated preтpost outcomes, objective voice 
measures where feasible, and follow-up to evaluate durability of change. 

A further implication  concerns clinical  literacy and help-seeking behavior. Interprofessional teaching 
initiatives have reported that many performing arts students and graduates may not seek specialist 
assessment when experiencing voice problems, instead attributing symptoms solely to technique or 
relying on self-directed measures 3. Embedding vocology and vocal health education early may 
normalize appropriate pathways of care, encourage timely consultation  when symptoms arise, and 
promote safer decision-making regarding vocal load and recovery. 



This work has limitations . It represents a pilot  implementation  with a small cohort and primarily 
educational outcomes. Baseline assessment was exploratory rather than a standardized pre-test, and 
post-course knowledge was not measured using a validated instrument. Broader studies across 
institutions  and multiple  semesters are needed. Additionally, further development of culturally  specific 
content for mugham and other traditional  genres may enhance relevance and improve translation of core 
concepts into genrespecific technical practice. 

From a curricular perspective, sustainability and scalability are important  considerations. A structured 
vocology course can be positioned as a foundational module that complements studio instruction  rather 
than replacing it, with a focus on shared conceptsуmechanism, load, recovery, and safe practice 
habitsуthat apply across styles. Where resources allow, future iterations could incorporate curated 
laryngeal imagery or short video segments to illustrate  normal laryngeal function across tasks and 
reinforce learning through visual anchors, consistent with the rationale of technology-enabled teaching 
models that build reusable learning repositories 3. Finally, future work could add low-burden tracking 
tools (e.g., weekly self-rated vocal effort, fatigue, and recovery) and, where feasible, objective measures 
to test whether increased vocology literacy translates into improved vocal function and reduced 
symptom burden during intensive training periods. 

CONCLUSION 
Introducing a structured Vocology course into undergraduate vocal training at Karabakh University was 
feasible and was associated with measurable gains in voice-science literacy and vocal health awareness 
among both mugham and Western classical voice students. Based on this experience, we recommend 
that vocal curricula in similar settings include a dedicated vocology component early in training; 
incorporate applied tasks that require translation of scientific  concepts into performance-relevant 
behaviors; and, where feasible, build collaborations with clinical  voice specialists to strengthen 
anatomical/physiological accuracy and to reinforce appropriate help-seeking pathways. 
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Figure 1. Illustration  of educational outcomes following the Vocology course.

Figure 2. Final student scores in the Vocology course.
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Abstract  
This study examines attitudes toward trans* people in choral contexts and investigates the extent to 
which group aGiliation, personality traits, and socio-demographic factors predict acceptance. Choirs 
constitute  social micro-communities  in which voice, gender, and identity are closely interconnected. 
Given the traditionally binary organization of vocal categories, choral settings may represent both 
inclusive spaces and potential sites of structural  exclusion for trans* and non-binary individuals. 
Understanding how musically active individuals position themselves toward gender diversity is therefore 
of particular relevance for music education and cultural  practice. 
A total  sample of N = 597 participants (choir directors, choir singers, and a non-choir control  group) 
completed the Transgender Attitudes and Beliefs Scale (TABS) and the HEXACO60 personality inventory 
in an online survey. Linear regression and ANCOVA models were conducted controlling for age, gender, 
education, and income. Results showed that choir directors and choir singers reported significantly 
more positive attitudes toward trans* people than the control  group. Among the HEXACO traits, only 
HonestyтHumility diGered between groups, with singers scoring higher than both choir directors and 
controls. Regression analyses revealed that personality traits explained a substantial proportion of 
variance in attitudes ыÅЕ = .50). Openness to Experience, HonestyтHumility, and Agreeableness emerged 
as the strongest positive predictors, while age negatively predicted acceptance. Moderation analyses 
indicated that Emotionality moderated the relationship between group membership and attitudes, 
though other personality traits did not show significant interaction eGects. 
Overall, the findings suggest that both personality dispositions and participation  in choral practice are 
associated with greater acceptance of trans* people. Choirs may function as social environments that 
foster inclusive attitudes beyond individual diGerences, highlighting their potential  role in promoting 
diversity competence within music education and cultural  practice.

1. Introduction  
In recent years, the gender discourse has intensified. More people are openly living as trans*, non-binary 
or genderfluid and demanding social recognition. This development is evident in public debates, politics  
and culture. Artists such as Nemo and Conchita Wurst have recently brought the diversity of gender 
identities to the attention of a wide audience in the music world. At the same time, their success has 
also clearly shown that acceptance of gender diversity is still  not a matter of course. Despite growing 
visibility, trans* people continue to experience discrimination and insecurity, including in cultural  and 
(music) educational contexts. Research shows that a lack of acceptance significantly impairs both 
psychological well-being and social participation  (Hancock, Krissinger & Owen, 2011). It is therefore 
important to assess attitudes towards trans* people more closely in order to understand which 
individual and social factors are at play in this context. This article focuses on choir practice: choirs are 
social micro-communities in which gender and voice are closely linked. The traditional  division into 
female and male voices reflects binary gender norms and can be a burden for trans* or non-binary 
singers (Rastin, 2016; Palkki, 2020). Choir directors play a key role in this, as their attitude towards 
diversity influences whether a choir becomes a place of openness or exclusion. At the same time, social 
psychological findings show that individual diGerences such as personality, political  orientation and 
socio-demographic characteristics have a significant influence on the acceptance of gender diversity 
(Rye et al., 2019; Hatch et al., 2022). Traits such as openness, empathy and moral integrity, described in 
the HEXACO model by the dimensions of openness to experience, agreeableness and honestyтhumility,  
are particularly closely linked to tolerance and social sensitivity. 



The aim of the present study was therefore to compare attitudes towards trans* people among choir 
directors, singers and the general population and to investigate the role played by personality traits and 
socio-demographic factors. The results should contribute  to a better understanding of acceptance 
processes and provide impetus for more inclusive music education practice.

1.1 Theoretical  considerations  on the relationship  between  gender and voice 
Gender is a complex concept. It encompasses biological, social and psychological dimensions. 
Biological sex refers to physical characteristics such as chromosomes, hormones and genitals. Social 
gender describes the socially constructed roles, expectations and behavioural norms associated with 
"male" or "female". Gender identity, in turn, refers to a person's deeply felt knowledge of their own 
gender. It describes the answer to the question of who someone is in terms of gender (Federal Anti-
Discrimination Agency, 2024; Henning & Jorda, 2024). 
For many people, their biological sex and their subjective gender identity match (cisgender), but for some 
people this is not the case. These people are referred to as trans* or transgender. The term trans* serves 
as an umbrella term for people whose gender identity does not correspond to the gender assigned to 
them at birth. It also includes non-binary, gender-fluid or agender identities that fall outside the 
traditional  male-female scheme (Federal AntiDiscrimination Agency, 2024). 
Trans* and non-binary people shape their identity in a variety of ways. Some undergo medical or social 
transitions, others do not. The self-definition is crucial  for the gender identity that people adopt, as it is 
central to psychological well-being (cf. Hancock, Krissinger & Owen, 2011). Studies show that social 
acceptance and the opportunity to live one's identity openly correlate strongly with life satisfaction and 
mental health. 
Despite the growing visibility of trans* people in the media, art and music, structural  barriers and 
prejudices continue to exist. These are evident in education, healthcare and culture. And also in the 
context of vocal and choral education, where voice and body are closely linked to gender, questions of 
identity for people who deviate from the cisheteronormative population are clearly evident. The voice is 
not only an instrument, but also part of the self. It conveys belonging and expression. For many trans* 
singers, it thus becomes the central medium of their gender self-identification  (cf. Constansis & 
Foteinou, 2017).

1.2 Trans* people  in choirs  and choral  education  contexts  
Choirs are more than musical ensembles. They are social spaces where people breathe, sound and 
communicate together. In this collective process, ideas of community, identity and gender are constantly 
being renegotiated. This is precisely why choirs are insightful fields for revealing social dynamics around 
inclusion and diversity.

1.2.1 Structural  barriers  and social  challenges  
Traditional choir structures are often based on a binary understanding of gender. Voices are referred to 
as "female" or "male" voices, which seems self-evident because it is so deeply rooted in social norms. 
Soprano and alto voices are usually assigned to women, while tenor and bass voices are assigned to 
men. This practice assumes that voice type and gender match. However, this assumption does not 
always apply to some people, especially trans* and nonbinary singers (Rastin, 2016; Palkki, 2020). 
In her study of Western choral traditions, Molly Rastin (2016) describes how these gender norms can 
lead to exclusion. Trans* singers often experience uncertainty or incomprehension when their voice does 
not fit  into the expected category. They speak of "vocal invisibility," in which their voice finds no place, 
either tonally or socially, that corresponds to their identity. This invisibility and the conflict  between their 
own identity and their choir voice aGects not only the choir structure, but also the self-image of the 
singers innen .



These tensions are particularly evident in adolescence. Palkki (2020) reports on trans* young people in 
American school choirs who experience their voices as "out of place". Vocal development during puberty 
does not always run parallel to gender identity, which can lead to emotional distress. A lack of sensitivity 
on the part of choir directors exacerbates these insecurities. Many choir directors feel unprepared to 
deal with gender diversity and unintentionally reproduce normative ideas of masculinity and femininity. 
In addition to these institutional  structures, social dynamics also play a role. In genderspecific 
ensembles, such as male or female choirs, trans* people often experience tensions between belonging 
and exclusion. Fisher (2020) uses the example of gay male choirs to show that even in supposedly open 
contexts, uncertainties can exist. Trans* singers report ambivalent experiences between acceptance, 
irritation  and the desire for visibility. These ambivalences show that even spaces of diversity are not 
automatically  inclusive.

1.2.2 Vocal development  and identity  work  
For many trans* people, the voice is a central component of their identity. It connects the body, self-
image and social perception. Studies show that vocal changes during transition can have a profound 
emotional impact (Hancock, Krissinger & Owen, 2011; Constansis & Foteinou, 2017). Trans* men often 
experience a significant deepening of their voice due to testosterone. This change can be liberating, but 
also challenging, as familiar sound spaces disappear and new ones have to be developed. Trans* 
women, on the other hand, do not experience an automatic change in voice pitch,  which requires 
specific voice training. In both cases, the voice becomes a place of identity negotiation.
Constansis and Foteinou (2017) impressively document this process using a case study of a trans* 
singer who had to relearn his voice during hormonal transition. They describe how technical and 
emotional aspects are inextricably intertwined: insecurity, self-doubt, but also the joy of finally having a 
voice that fits one's own self.

1.2.3 Inclusive  approaches  and educational  perspectives  
Current music education research emphasises the need to make choir practice more flexible and 
sensitive to diversity. Aguirre (2018) calls for voice categories to no longer be separated exclusively by 
gender, but rather by actual voice range and personal well-being. It is crucial  that all singers are able to 
use their voices authentically, regardless of gender or transition experience. 
Palkki (2020) proposes establishing gender-neutral terms and rehearsal practices. Instead of "female" 
and "male voices," soprano, alto, tenor and bass should be used to eliminate gender attribution . This 
linguistic change signals respect and creates space for belonging. In addition, several authors (Rastin, 
2016; Aguirre, 2018) recommend that choir directors receive specific training on issues of gender 
diversity. Such training promotes understanding of vocal and social needs and helps to reduce 
uncertainty.

1.2.4 Choirs  as social  spaces of identity
Choirs can provide a space for self-aGirmation and community. Bird (2017) describes LGBTQIA+ choirs 
as spaces where music and identity merge. Here, singers experience acceptance, support and a form of 
public visibility that is often lacking in other areas of life. According to , these safe spaces fulfil  a dual 
function,  as they promote artistic  development and strengthen self-esteem at the same time.

1.3 Attitudes  towards  trans*  people  
1.3.1 Concept  
Attitudes towards trans* people comprise cognitive, aGective and behavioural components (Eagly & 
Chaiken, 1993). They reflect how people think about trans* identities and how they feel and act based on 
these thoughts. Cognitively, they refer to beliefs and stereotypes; aGectively, to emotional reactions 
such as empathy or rejection; and behaviourally, to actions or social distance. Taken together, they 
determine whether gender diversity is perceived as legitimate, normal or threatening.



1.3.2 Determinants  of trans -related  attitudes  
Empirical research shows that attitudes towards trans* people are influenced by a number of individual 
and ideological factors. A comprehensive meta-analysis by Hatch, Warner, Broussard and Harton (2022) 
identified several consistent predictors of trans*negative attitudes. Negative attitudes correlate most 
strongly with high religiosity or religious fundamentalism, right-wing authoritarianism (RWA), social 
dominance orientation (SDO) and gender essentialism1. It was also found that less personal contact  
with trans* or other LGBTQAI+ individuals is associated with increased rejection. These correlations were 
robust across diGerent cultures.
In-depth analyses by Rye, Merritt and Straatsma (2019) show that two types of conservatism can be 
distinguished: general, ideological conservatism and gender-specific conservatism. The latter in 
particular,  which is characterised by both hostile and benevolent sexism and rigid gender roles, proved to 
be a strong predictor of negative attitudes towards trans* people. People who emphasise traditional  
gender norms tend to perceive gender diversity as a deviation from the "natural order". 
A study by Moloto (2019) in South Africa confirmed these findings in a diGerent cultural  context. Here, 
too, there were clear correlations between RWA, SDO and transphobic attitudes. In addition, men had 
higher average prejudice scores than women. These gender diGerences point to the close link between 
gender roles, power orientation and acceptance of gender diversity.
In summary, these findings suggest that trans*negative attitudes are based on an interplay of ideological 
beliefs, social hierarchy thinking and a lack of personal experience. Conversely, openness, education 
and contact  promote the acceptance of gender diversity, which points to a connection that is also of 
central importance in the context of music education.

1.4 Cognitive  and psychological  mechanisms  of anti -transgender  attitudes  
Recent social cognitive research shows that prejudice against trans* people does not only arise from 
ideological beliefs, but is also deeply embedded in perception processes. People usually automatically  
assign their counterparts to a gender category. This quick, intuitive judgement provides orientation in 
social interactions. However, when external characteristics such as voice, clothing or facial features 
cannot be clearly assigned, perceptual uncertainty arises, also known as disfluency.
Liebenow and Cassidy (2025) describe transphobic prejudices as a consequence of such person 
perception processes. Gender-ambiguous stimuli  disrupt the familiar pattern with which people 
categorise others. This irritation  can lead to cognitive dissonance, which some people unconsciously 
resolve through devaluation or distancing. The result is subtle forms of misgendering2 or degendering3 т 
processes in which trans* people are linguistically or socially deprived of their gender identity.
It is noteworthy that such mechanisms can also occur in people who are fundamentally inclusive. Anti-
trans* bias is therefore not exclusively an expression of conscious rejection, but can arise from 
automated perception routines. This perspective broadens our understanding of prejudice. It is not only 
the product of ideology, but also the result of limited cognitive flexibility. This has important implications  
for intervention and education. If prejudices result in part from perception processes, they can be 
mitigated through targeted training in social categorisation and the conscious use of gender-neutral 
language. Such approaches aim to reduce cognitive uncertainty and to perceive the diversity of gender 
expressions as a matter of course.
In the context of music-related practice, this means that inclusion is promoted not only through positive 
attitudes,  but also through conscious perception and language . Choir directors who actively name 
gender diversity and make it visible through language can thus change not only structures, but also 
patterns of perception.

1Gender essentialism describes the belief that gender is determined solely by biological sex and is 
immutable.
2Misgendering describes the use of incorrect gender designations (e.g. pronouns) when referring to a 
person. 
3Degendering describes the deliberate use of incorrect gender designations, which often stems from 
prejudice or aversion.



1.5 Personality  and acceptance  
Personality traits significantly determine how people react to social diversity. They influence empathy, 
moral judgements and cognitive openness, which are characteristics closely linked to the acceptance of 
gender diversity. 
The HEXACO model by Ashton and Lee (2009) oGers a diGerentiated framework for this. It describes six 
basic personality dimensions: honestyтhumility,  emotionality, extraversion, agreeableness, 
conscientiousness and openness to experience. Each dimension reflects characteristic  patterns of 
thinking, feeling and acting. HonestyтHumility, Agreeableness and Openness to Experience are 
particularly relevant for research into prejudice and acceptance. 
People with high honestyтhumility are characterised by sincerity, fairness and modesty. They reject 
manipulative or power-oriented strategies and treat others with respect. Previous studies show that 
these characteristics are associated with lower discriminatory and hierarchical tendencies (Ashton & 
Lee, 2007; Lee et al., 2013). Agreeableness stands for forbearance, empathy and a willingness to resolve 
conflicts  peacefully. People with high scores in this dimension react less hostile to diGerence and show 
less prejudice. Openness to experience describes curiosity, intellectual  flexibility and the desire to learn 
about new perspectives. This is a disposition that is particularly strongly linked to acceptance of and 
interest in diversity.
Empirical findings confirm these theoretical assumptions. Rye, Merritt, and Straatsma (2019) found that 
openness and low gender stereotypes correlate significantly positively with acceptance of trans* people. 
Hatch et al. (2022) showed in their meta-analysis that personality traits such as empathy and openness 
are among the most reliable predictors of positive attitudes towards trans* people. These traits do not 
act in isolation, but in conjunction  with ideological factors such as political  orientation or religious 
fundamentalism. 
This results in a theoretical model in which personality traits have both a direct and indirect eGect on 
acceptance. Directly, by shaping basic attitudes towards diversity, and indirectly, by weakening or 
strengthening the eGect of ideological beliefs. For example, a high level of openness can mitigate the 
negative eGects of conservative attitudes on the acceptance of trans* people.

1.6 Hypotheses  
The theoretical considerations presented so far illustrate  that attitudes towards trans* people arise from 
a complex interplay of social, cognitive and individual factors. Social structures, perception processes 
and personality traits interact at diGerent levels and determine how gender diversity is perceived and 
evaluated. 
In a musical context, especially in choirs, these levels intersect directly. Choirs form social 
microsystems in which gender, voice and identity are closely intertwined. The way choir directors and 
singers respond to gender diversity can thus be exemplary of broader social attitudes. Previous research 
suggests that pedagogical experience, openness and sensitivity to diversity in musical contexts promote 
acceptance, while traditional  gender images or authoritarian values reinforce negative tendencies 
(Rastin, 2016; Palkki, 2020; Hatch et al., 2022).
Furthermore, the social psychological findings of Rye et al. (2019) and Moloto (2019) indicate that 
ideological attitudes such as right-wing authoritarianism (RWA), social dominance orientation (SDO) or 
religious fundamentalism are closely linked to transphobic beliefs. At the same time, work on cognitive 
mechanisms (Liebenow & Cassidy, 2025) shows that subtle perception processes can also contribute to 
the stabilisation of such prejudices. Finally, findings from personality research (Ashton & Lee, 2007, 
2009; Lee et al., 2013) suggest that the dimensions of honestyтhumility,  agreeableness, and openness to 
experience play a central role by promoting empathy and openness and mitigating the eGect of 
ideological factors. These theoretical and empirical foundations give rise to the following research 
questions and hypotheses:



H1 There is a group diGerence in attitudes towards trans* people between the three groups under 
investigation (choir directors, choir singers, non-choir singers). 
H2 There are group diGerences between the study groups in the personality traits of the HEXACO scales. 
H3 Higher scores in HonestyтHumility, Agreeableness and Openness to Experience are associated with 
more positive attitudes towards trans* people. 
H4 The personality traits of the participants moderate the relationship between the groups and attitudes 
towards trans* people. 
Sub-hypotheses: 
N1 Age, gender, level of education, country of origin, current country of residence, annual net income, 
and the choir's singing style have an influence on attitudes towards trans* people. 
N2 Age, gender, level of education, country of origin, current country of residence, annual net income, 
political  views and the choir's singing style have a small moderating influence on attitudes towards 
trans* people.

Control analyses: 
K1 Conservative political  orientation, higher religiosity and stronger agreement with traditional  gender 
roles are negatively correlated with the acceptance of trans* people.

2. Methods  
2.1 Sample 
The power analysis for the present study was performed using GPower (version 3.1) (Faul et al., 2009). In 
order to achieve a power of at least 80% at a significance level of  ͈= 5% and a presumed small eGect 
size of f = .15 in a two-tailed group comparison, Nprior= 576 individuals were required for the model of H2. 
Fewer subjects were required for the same power for all other models used to test the hypotheses. The 
required sample size was achieved with N = 597 subjects. The sample was recruited through music 
colleges, networks of choir directors and the snowball principle,  whereby choir directors forwarded the 
study to their choir singers. Furthermore, the control  group was recruited online on social media 
platforms (Reddit, Facebook, Instagram, X). To divide the participants into study groups, they were asked 
whether they conduct choirs or sing in choirs, as well as specific questions about the type of choirs, 
which queried their singing and choir conducting experience, the genre, type and professionalism of the 
respective choir.

2.2 Measuring instruments  
In the present study, the participants were asked about their attitudes towards trans* people, their 
political  views, their life satisfaction and demographic data, as well as their choir experience and 
membership of the respective study group (choir conductor/choir  singer/control group).

2.2.1 TABS 
The Transgender Attitudes and Beliefs Scale (TABS; Kanamori et al., 2017) was used to assess attitudes  
towards trans* people. The questionnaire measures explicit attitudes,  beliefs and potential  prejudices 
towards trans* people. It comprises 29 items that are answered on a seven-point Likert scale (1 = 
strongly disagree to 7 = strongly agree). 
The TABS maps three dimensions. Interpersonal Comfort describes individual comfort  in direct contact  
with trans* people, Sex/Gender Beliefs captures normative beliefs about sex and gender identity, and 
Human Value reflects the recognition of the equal dignity and value of trans* people. Higher scores 
represent more positive and inclusive attitudes. 
In the original validation, the scale showed high internal consistency (Cronbach's ͈  = .88 т .94) and good 
construct  validity and has been used successfully in various population groups. In the present study, 
both the English and German versions of the TABS were used. The sum score of all items was used as a 
total  measure of trans-affirmative attitudes for the evaluation.



2.2.2 Hexaco 
The short version of the HEXACO Personality Inventory (HEXACO-60; Ashton & Lee, 2009) was used to 
assess basic personality traits. The questionnaire assesses six central personality dimensions: Honestyт
Humility (honesty, modesty, fairness), Emotionality (emotional sensitivity and anxiety), Extraversion 
(sociability and self-confidence), Agreeableness (yieldingness and patience), Conscientiousness 
(orderliness and conscientiousness) and Openness to Experience (curiosity and creativity). 
The scale comprises 60 items, which are answered on a five-point Likert scale from 1 = strongly disagree 
to 5 = strongly agree. A mean value is calculated for each dimension, with higher values indicating a 
stronger expression of the respective personality trait.
The HEXACO-60 has good internal reliability (Cronbach's  ͈= .70 т .80). It is an economical and reliable 
shortened version of the complete HEXACO-PI-R and is an established instrument for assessing higher-
order personality structures without placing too much of a time burden on participants. The German and 
English versions of the questionnaire were used in the present study.

2.3 Experimental  design 
The study was conducted entirely online via the SoSci-Survey platform (Leiner et al. 2024). The data was 
collected  between 29 October 2024 and 18 March 2025. At the beginning of the study, all participants 
received a consent form informing them about the anonymous nature of the data collection,  its exclusive 
use for scientific  purposes, and their rights (voluntary participation,  option to withdraw at any time). A 
study by Geisen et al. (2022) showed that an attention question at the beginning of the questionnaire 
improves the quality of the data compared to an interruption during the questionnaire and increases the 
honesty of the participants (Geisen et al., 2022). Therefore, a conscientiousness question was asked at 
the beginning of the questionnaire, in which participants were asked to indicate whether they intended to 
answer the questions honestly and conscientiously in order to ensure high data quality.
The order of the two psychological questionnaires (TABS, HEXACO) was randomly varied for each person 
to control  for potential order eGects. After the main scales, demographic information (age, gender, 
country of origin, occupation, political  aGiliation, and annual net income) was collected,  as well as 
information on choral experience and classification  (see Chapter 2.1). To divide the participants into 
diGerent groups, the type of art the participants practise professionally was determined.
The survey was available in German and English. The established and validated translation of the 
questionnaire was used for the German version (see section 3.2). Participants could select their 
preferred language at the start. The average completion time was t = 19 minutes, with a maximum 
completion time of tmax= 35 minutes. The study was approved by the Ethics Committee of the Mozarteum 
University Salzburg .

2.4 Data analysis  
The data was evaluated using statistical  analyses with R (version 4.5.1) (R Core Team, 2025). The R 
packages used are described in Appendix C. The significance level was set at  ͈= .05. To investigate H1, 
the group diGerences between the study groups in terms of attitude,  a linear regression was calculated 
in which the control  variables of the secondary hypothesis were integrated to rule out possible spurious 
eGects. Compliance with the requirements for this was checked using inferential statistics  and visual 
inspection. For H2, an ANCOVA was performed for each of the personality traits in which secondary 
variables were integrated. Post hoc analyses were performed for significant group diGerences in order to 
describe them in more detail. A linear regression was also performed to examine H3, for which the 
secondary variables were also controlled  and the prerequisites were checked as in H1. The examination 
of H4, the moderation analysis, was also performed using a linear model in which the interactions 
between the study groups and the personality traits were integrated.



3. Results 
The results of the study are presented below. Beginning with the descriptive findings, the correlations 
found are then presented. 

3.1 Descriptive statistics 
A total of Ntotal= 847 participants took part in the study, most of whom were choir directors and singers, 
thus representing a specific sample. Nunv.= 133 participants were excluded because they did not 
complete the study. Furthermore, n = 117 participants had to be excluded due to the conscientiousness 
question . Therefore, data from N = 597 participants could be evaluated. 
The study included 233 men, 336 women and 24 diverse individuals, while four other individuals did not 
wish to disclose their gender (see Table 1). The sample included people from 21 diGerent countries 
around the world. The three most common countries of origin were Germany (n = 281), Austria (n = 198) 
and the USA (n = 23).

Table 2 shows attitudes towards trans* people, represented by the TABS score, as well as the personality 
traits of the HEXACO scales, broken down into three groups. The most positive attitude towards trans* 
people.



3.2 Attitudes towards trans* people 
To examine group diGerences in attitudes towards trans* individuals, controlling for income, gender, age 
and level of education, a linear regression was performed, which is shown in Table 3. The statistical  
requirements for linear regression were tested and were met in the data. The linear regression showed a 
significant diGerence between the choir directors and the control  group ы ͉= 0.10; p = .036) as well as 
between the singing participants and the control  group ы ͉= 0.10; p = .037) with F(588) = 16.80, p < .001. 
With the exception of income, all control  variables had a significant influence on a person's attitude. 
People who identified as female ы ͉= 0.21; p < .001), diverse ы ͉= 0.24; p < .001) or no gender ы ͉= 0.09; p = 
.015) had a more positive attitude  towards trans* people. In addition, level of education had a 
significantly positive influence ы ͉= 0.26; p < .001), while age had a significantly negative influence on 
attitudes ы ͉= - 0.09; p = .018). Overall, the model explains ÅЕ = .17 variance with a power of 1.00.



3.3 Personality traits 
The analysis of variance (ANCOVA) performed in Table 4 to determine group diGerences in personality 
traits between choir directors, singers and the control group revealed a significant eGect of group 
membership only for the personality trait honest-humility, F(2) = 6.65, p = .001 and an eGect ƚŔǍĲШŸŉШ͎Е = 
.02. The prerequisites for the ANCOVA were met for the data. Gender also showed significant group 
diGerences . The post hoc pairwise comparisons with Bonferroni correction of the ANCOVA are shown in 
Table 5. It shows, that singers show significantly higher honest-humility. 

The ANCOVA in Tables 6-10 showed that there were no significant diGerences between the groups in the 
personality traits of emotionality, extraversion, agreeableness, conscientiousness and openness. 
Therefor, the results confirm hypothesis H2 only for honest humility; no other personality traits are 
particularly pronounced among choir conductors and choir singers.



3.4 Personality traits and attitudes towards trans* people 
Table 11 shows the linear model that expresses attitudes towards trans* persons through the personality 
traits of the test subjects. The statistical requirements for the model were met. With an F(584) = 50.95 
and p < .001, the model significantly explains R2 = .50 of the variance with a post hoc power of 1.00. The 
ƓĲƖƚŸŰċũŔƣǃШƣƖċŔƣƚШőŸŰĲƚƣШőƨůŔũŔƣǃШы͉ШӀШΜЮΞΦбШƓШӃШЮΜΜΝьЯШĲǂƣƖċƻĲƖƚŔŸŰШы͉ШӀШΜЮΜΦбШƓШӀШЮΜΜΟьЯШċŊƖĲĲċĤũĲŰĲƚƚШы͉ШӀШ
ΜЮΝΟбШƓШӃШЮΜΜΝьЯШĦŸŰƚĦŔĲŰƣŔŸƨƚŰĲƚƚШы͉ШӀШΜЮΜΥбШƓШӀШЮΜΝΟьШċŰĬШŸƓĲŰŰĲƚƚШы͉ШӀШΜЮΟΞбШƓШӃШЮΜΜΝьШƓƖĲĬŔĦƣĲĬШċШ
positive attitude. In addition, corrections were made for the secondary variables of , whereby belonging 
ƣŸШƻċƖŔŸƨƚШŊĲŰĬĲƖƚШы͉ШӀШΜЮΝΤбШƓШӃШЮΜΜΝьШċŰĬШũĲƻĲũШŸŉШĲĬƨĦċƣŔŸŰШы͉ШӀШΜЮΝΡбШƓШӃШЮΜΜΝьШƓŸƚŔƣŔƻĲũǃШƓƖĲĬŔĦƣĲĬШƣőĲШ
ċƣƣŔƣƨĬĲЯШƽőŔũĲШċŊĲШŰĲŊċƣŔƻĲũǃШƓƖĲĬŔĦƣĲĬШƣőĲШċƣƣŔƣƨĬĲШы͉ШӀШ-0.07; p = .030).



3.5 Moderation analysis 
For the moderation analysis, linear regression revealed a significant eGect of F (576) = 28.68 with p < 
.001, whereby only the predictors themselves, as described in the previous model, and the moderation 
ĤĲƣƽĲĲŰШĲůŸƣŔŸŰċũŔƣǃШċŰĬШƣőĲШĦőŸŔƖШĬŔƖĲĦƣŸƖƚШы͉ШӀШ-ΜЮΡΞбШƓШӀШЮΜΜΠьШċŰĬШƣőĲШƚŔŰŊŔŰŊШƚƨĤŢĲĦƣƚШы͉ШӀШ-0.40; p < 
.001) were significant. The remaining personality traits do not moderate the group diGerence in terms of 
ċƣƣŔƣƨĬĲЮШÑőĲШĲǂƓũċŔŰĲĬШƻċƖŔċŰĦĲШŸŉШƣőĲШůŸĬĲũШƽċƚШÅЕШӀШЮΠΦШƽŔƣőШċШƓŸƽĲƖШŸŉШΝЮΜΜЮШÑőƨƚЯШcΠШĦċŰШŸŰũǃШĤĲШ
partially accepted (for emotionality).

4. Discussion  
In the following, the results of the study presented above will  be placed in relation to the current state of 
knowledge and the most important findings of the study will  be explained. 

4.1 Interpretation  
The results of this study show that attitudes towards trans* people are significantly influenced by a 
combination of group aGiliation, personality and socio-demographic factors. It is particularly clear that 
choir directors and choir singers have significantly more positive attitudes than the control group. This 
finding supports theoretical approaches that understand choirs as social spaces in which communal 
practices promote empathy, perspective-taking and openness . Music education studies (Rastin, 2016; 
Palkki, 2020) describe choirs as places where gender identity becomes more negotiable, as vocal and 
physical forms of expression are closely intertwined. The present data provide quantitative evidence for 
this for the first time. Musically active groups diGer significantly in their acceptance of trans* people. 
This acceptance is still  present even when key influencing variables such as age, gender, income and 
education are statistically  controlled for.



Furthermore, the results confirm the socio-demographic eGects frequently documented in attitude 
research. Women and diverse individuals showed significantly higher acceptance scores than men, 
which is consistent with findings from meta-analyses (Hatch et al., 2022). Similarly, a positive influence 
of educational attainment and a negative influence of age were found. These results are consistent with 
international comparisons and indicate that attitudes toward gender diversity are strongly influenced by 
social norms, educational processes, and cohort-related value patterns. 
With regard to personality traits, honestyтhumility was the only HEXACO dimension that showed 
significant group diGerences. Singers scored higher on this dimension than choir directors and the 
control  group. This trait encompasses fairness, modesty and social integrity integrity . These are traits 
that have already been associated with low discrimination  and prosocial behaviour in previous studies 
(Ashton & Lee, 2007). The fact that this diGerence occurs exclusively in this dimension suggests that 
choral practice is not associated with a specific overall personality, but rather with individual socially 
relevant dispositions that may be reinforced by long-term, cooperative group work. 
The regression analyses also show that personality traits as a whole explain a large part of the attitudes,  
accounting for approximately 50% of the variance. Openness, e , honestyт humility,  and agreeableness 
in particular proved to be strong predictors of positive attitudes towards trans* people. This finding is 
consistent with social psychological models in which openness and empathy are considered 
fundamental determinants of tolerance (Rye et al., 2019). Smaller but significant eGects of extraversion 
and conscientiousness can also be explained theoretically. Individuals who are socially engaged or 
structured may be more likely to exhibit inclusive behaviour in communal contexts, especially when 
inclusion is experienced as a social norm.
Particular attention should be paid to the finding that emotionality only moderates the relationship 
between personality and attitude in the control  group. While higher emotionality was associated with 
greater acceptance in the control  group, this relationship lost significance among choir directors and 
choir singers. One possible explanation is a ceiling eGect , as the musically active groups already have 
higher acceptance scores overall. Another interpretation comes from social-psychological group 
research: In choirs, collective social norms may be at work that promote inclusive behaviour and are 
independent of individual emotional dispositions. This would mean that choral structures not only 
reflect personality, but also actively contribute  to social adaptation processes that strengthen diversity 
acceptance. 
Overall, the findings confirm both the theoretical approaches from attitude research and socio-cultural  
models of the choir as an inclusive space. They expand the field by showing that musical communities  
can have an independent, positive eGect on attitudes towards trans* people that goes beyond 
personality, ideology and demographics.

4.2 Limitations  
Despite the robust and theoretically well-connectable results, the study has several limitations  that 
must be taken into account in its interpretation. First, the study is based exclusively on self-reported 
data, which may be susceptible to biases such as social desirability or conscious response tendencies. 
Particularly in the sensitive area of gender diversity, some of the participants may have deliberately 
communicated positive attitudes in order to appear tolerant. Although anonymity reduces this risk, 
complete control  is not possible. 
Secondly, this is a specific sample that is highly selective, particularly in the field of music. Choir 
directors and choir singers are significantly overrepresented. The recruitment of the control  group via 
social media also leads to a bias in the sample. The results are therefore only partially transferable to the 
general population. 
Thirdly, the cross-sectional study design does not allow causal statements to be made about whether 
choral practice leads to more positive attitudes or whether people with higher scores in openness, 
empathy and more liberal value orientations are more likely to be active in choirs. Longitudinal and 
experimental study designs would be necessary to clarify this causal direction unequivocally.



Finally, the study is based on online data collection,  and despite attention controls,  it cannot be ruled 
out that participants answered questions hastily or that diGerent interpretations of the items arose 
across diGerent language versions. This, too, could aGect the accuracy of individual findings. 

4.3 Outlook  
The results open up several perspectives for future research. First, it would be useful to conduct 
longitudinal studies to clarify whether and how choir participation  changes attitudes towards gender 
diversity in the long term. Second, intervention studies could investigate whether even short music 
education measures, such as workshops on gender-inclusive choir work, have a measurable influence 
on attitudes. 
Furthermore, although qualitative studies on the topic already exist, it is important  to expand on them, as 
they can not only provide valuable insights through interviews with trans* singers or choir directors, but it 
is also highly important  to conduct  research on this topic with a focus on the minority rather than about 
them. Finally, there are practical  implications  for music education: choir directors could be specifically 
trained in diversity-sensitive work, and music education curricula should address gender diversity more 
strongly. The present results suggest that the choir is a promising social space for promoting diversity 
competence in artistic  and (music) educational contexts.

4.4 Summary 
In summary, the results of the study suggest that attitudes towards trans* people are influenced by 
personality and sociodemographic factors as well as by participation  in choral practices. Choir directors 
and choir singers have significantly more positive attitudes than the general population. Openness, 
empathy and moral integrity proved to be key predictors of acceptance. This shows that although many 
choirs already oGer safe spaces and open communities for trans* people, these need to be expanded in 
the future. The findings also make it clear that choirs, as social spaces, have the potential  to promote 
inclusive attitudes and thus contribute to social diversity and equality.
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ABSTRACT 
Recent scientific  literature highlights a higher incidence of vocal disorders in contemporary commercial  
music (CCM) singers compared to classically trained singers, likely due to variability in vocal styles, 
increased performance demands, and often non-structured training pathways. Based on these findings, 
the present study aimed to investigate levels of vocal selfawareness in CCM singers and to explore their 
relationship with type of training and selfreported vocal difficulties . Ninety-three singers completed a 
questionnaire structured into six thematic areas: subjective perception of vocal control ; anatomical and 
physiological knowledge; ability to control  phonatory structures; knowledge and management of vocal 
qualities (e.g., speech, falsetto, twang, belt, mix, sob, legit); awareness and adherence to warm-up, cool-
down, and vocal hygiene practices; and self-reported vocal difficulties . Although 67% of participants  
reported perceiving good control  over their voice, this perception did not fully align with the technical 
competencies that emerged from the questionnaire. Only 44% demonstrated adequate anatomical and 
physiological awareness, while 55% reported partial or absent knowledge. Greater confidence was 
observed in controlling easily visible or proprioceptively accessible structures (e.g., tongue and jaw), 
whereas substantial uncertainty emerged regarding less accessible structures such as the larynx and 
vocal folds. Only a minority consistently applied preventive strategies, and approximately 50% reported 
episodes of vocal fatigue or difficulties . Inferential analysis using Chi-square tests and post-hoc 
analyses revealed significant associations between type of vocal training and levels of vocal awareness. 
Formal or combined training was associated with higher competencies compared to informal or absent 
training. These findings highlight the need for integrated pedagogical approaches combining artistic  
expression with scientific  knowledge to promote a more conscious, effective, and sustainable use of the 
voice in CCM singers. 

KEYWORDS: Voice; Singing; Voice Disorders; Health Behavior; Voice Training

INTRODUCTION 
Scientific literature has highlighted a higher incidence of vocal disorders and phono-traumatic  injuries in 
singers belonging to contemporary genres compared to classically trained singers. 1_3

 This difference has been attributed  to the stylistic  variability of modern singing, high performance 
demands and lower technical standardisation of training pathways. In the context of the artistic  voice, 
vocal awareness can be defined as the integration of anatomical and physiological knowledge, technical  
control  of the phonatory gesture, and the adoption of preventive behaviours. It represents a 
metacognitive skill that allows singers to monitor and regulate vocal emission in an effective and 
sustainable manner. A discrepancy between subjective perception of control  and actual technical-
functional  competence can lead to less economical use of the vocal instrument, increasing the risk of 
fatigue and dysphonia.

This study aims to: 
1. Assess the level of vocal awareness in modern music singers. 
2. Analyse the relationship between subjective perception of control  and actual awareness. 
3. Verify the association between type of vocal training and level of awareness. 
4. Explore the presence of self-reported vocal problems.



METHODS 
Study Design 
Cross-sectional observational study conducted using an anonymous online questionnaire. 

Sample 
The initial  sample included 103 adult singers. Opera singers were excluded due to their distinct  
technicalтphonatory principles, as the investigation focused on contemporary commercial  music. The 
final analysed sample consisted of 93 participants. The sample was heterogeneous and included singers 
active in various contemporary styles (pop, rock, jazz, blues, musical theatre, gospel, rap, folk, choral, 
neo soul, and others). Gender distribution  showed a prevalence of female participants (72.8%), followed 
by males (26.2%) and 1% identifying as non-binary or preferring not to specify. Regarding age, the most 
represented group was 18т25 years (47.6%), followed by 26т35 years (34%), 36т45 years (11.7%), 46т60 
years (5.8%), and one participant  over 60 years. Vocal training was categorised based on self-reported 
educational background: 35% formal training, 36.9% informal training, 23.3% combined training, and 
4.9% no training. Participation was voluntary, anonymous and unpaid. The sample was non-probabilistic  
and convenience-based. Training categories were defined as follows: formal training included 
conservatory or certified academic programmes; informal training included private lessons and 
workshops without  institutional  certification ; combined training referred to the presence of both 
pathways; no training indicated absence of structured vocal education.

Tool 
A semi-structured questionnaire was used, divided into six thematic areas: 
1. Subjective perception of vocal control,  investigated through the question: ћќ?Ÿ you feel you have 

control  over your vocal ŔŰƚƣƖƨůĲŰƣеќќ 
2. Anatomical and physiological awareness, explored through five domains: 
1) knowledge of the vocal apparatus; 
2) understanding of the mechanism of voice production and management; 
3) importance of postural alignment; 
4) role of breathing in singing; 
5) knowledge of resonance cavities. 
3. Control of the anatomical structures involved in phonation. 
4. Awareness of vocal qualities. 
5. Vocal warm-up and cool-down practices. 
6. Vocal hygiene and recognition of early signs of fatigue. The question љcċƻĲ you ever had vocal 
ƓƖŸĤũĲůƚењ was also included. The terminology adopted for vocal qualities and anatomical structures 
was partially informed by contemporary pedagogical models of voice training, including Estill Voice 
Training (EVT)4 , while also incorporating terms commonly used in contemporary commercial music 
practice.

Data Analysis  
A descriptive analysis was performed using frequencies and percentages. To assess the association 
between type of vocal training and questionnaire variables, the Chisquare ы͞Еь test of independence was 
applied, with a significance level set at p < 0.05. The strength of the association was estimated using 
Cramer's V. When statistically  significant associations were identified, post-hoc analyses were 
conducted by examining adjusted standardized residuals in order to determine which categories 
contributed most to the observed differences.



RESULTS
Descriptive  Analysis  
Perceived Control  Of The Vocal Instrument  
66.7% of participants report perceiving good control  of their vocal instrument, while 33.3% report not 
having full  mastery. Although a positive perception prevails, these findings must be interpreted in light of 
the subsequent domains, as subjective perception of control  does not necessarily coincide with 
structured technicalтphysiological knowledge.

Anatomical -physiological  Awareness 
The overall analysis of the five dimensions was calculated as the mean score of the five items composing 
the anatomicalтphysiological awareness domain. The overall analysis of the five dimensions shows that: 
44.2% of singers have in-depth knowledge; 46.5% show partial awareness; 9.3% show no awareness. 
Overall, more than half of the sample does not have a fully consolidated understanding of the 
physiological mechanisms that regulate phonation. Critical  gaps were observed across all investigated 
dimensions, indicating that anatomical and physiological knowledge is often partial and not fully 
integrated into a coherent functional  representation of vocal production.

Control  Of Anatomical  Structures  Involved  In Phonation  
The area relating to the control  of anatomical structures investigated singers' ability to consciously 
perceive and modulate the components involved in vocal production. The analysis reveals a 
heterogeneous picture. The highest percentages of perceived control  concern the structures that are 
most accessible on a proprioceptive or functional  level: true vocal folds (58.1%), larynx (57%), tongue 
(55.9%), jaw (48.4%), as well as the head-neck and trunk regions (both 58.1%). Conversely, control  is 
significantly lower for more specific and less directly perceptible anatomical structures: false vocal folds 
(23.7%), thyroid cartilage (14%), cricoid cartilage (11.8%) and aryepiglottic sphincter (15.1%). Only 20.4% 
of participants reported awareness of control  over the soft palate, while 17.2% stated that they had no 
perception of control  over any specific structure. Overall, the data show an uneven distribution  of motor 
awareness, with higher percentages for the more intuitive and functionally perceptible structures and 
lower levels for the internal anatomical components and fine regulation of the phonatory gesture.

Awareness Of Vocal Qualities  
The area dedicated to vocal qualities investigated both knowledge of the main modes of vocal 
production and the perceived difficulty  in executing them. The most recognised qualities in the sample 
were Falsetto (92.5%), Belt (73.1%), Mix (69.9%), Twang (61.3%) and Speech (59.1%). These were 
followed by Sob (32.3%) and Legit (20.4%), while only 3.2% of participants stated that they were 
unfamiliar with any of the qualities proposed. In terms of perceived difficulty,  the highest percentages 
were recorded for Belt (34.4%), Mix (29%) and Twang (26.9%). The remaining vocal qualities (Falsetto, 
Sob and Legit) have difficulty  levels ranging from approximately 11% to 21%. Overall, the results show a 
relatively widespread knowledge of the terminology of the main vocal qualities, with variability in the 
perception of difficulty  in execution.

Vocal Warm-up And Cool-down Practices  
With regard to vocal warm-up: 43% practise it regularly; 43% are familiar with it but do not apply it 
consistently; 10.8% are familiar with it but never use it; less than 3% say they are not familiar with it. 
Despite widespread theoretical knowledge, less than half of the participants consistently integrate 
warm-up into their vocal routine. The picture regarding vocal cool-down is even more critical : only 11.8% 
practise it regularly; 37.6% know about it but do not apply it consistently; 12.9% know about it but never 
use it; 37.6% say they are unaware of its existence. Cool-down therefore emerges as the least 
internalised preventive practice, indicating a culture of prevention that is more oriented towards 
immediate performance preparation than postactivity recovery management.



Vocal Hygiene And Recognition  Of Early Signs 
79.6% of participants say they are aware of practices to preserve vocal health. The most common 
strategies are: hydration (74.2%); protection of the respiratory mucosa (62.4%); avoidance of alcohol and 
caffeine (54.8%). Less common are: allergy management (30.1%); respecting individual vocal range 
(36.6%); anti-reflux measures (30.1%); stress management (12.9%). 10.8% do not apply any preventive 
measures. With regard to recognising the early signs of fatigue: 74.2% say they are able to recognise 
them; 19.4% are unsure; 6.4% are unaware of their existence. Overall, there is a relatively widespread 
theoretical awareness, but preventive strategies are not always applied systematically.

Presence Of Vocal Problems  
49.5% of participants report having had vocal problems during their singing experience. Considering the 
frequent partial awareness and limited  systematic application of cool-down, this percentage is of 
particular clinical  relevance. The overlap between these data suggests a possible relationship that 
warrants further investigation through specific analyses in future studies.

Inferential  Analysis  
Statistically significant associations emerged between type of vocal training and multiple  domains of 
awareness. Significant relationships were found for control  of the vocal instrument ы͞Е = 18.64; p < 0.001; 
Cramer's V = 0.44), anatomicalтphysiological awareness ы͞Е = 22.17; p < 0.001; Cramer's V = 0.46), 
knowledge and management of vocal qualities ы͞Е = 15.82; p = 0.004; Cramer's V = 0.39), warm-up and 
cool-down practices ы͞Е = 26.91; p < 0.001; Cramer's V = 0.50), and vocal hygiene and recognition of early 
signs of fatigue ы͞Е = 21.34; p < 0.001; Cramer's V = 0.44).
The strongest association concerns warm-up and cool-down practices ы9ƖċůĲƖќƚ V = 0.50), suggesting 
that structured training has a particularly significant impact on the adoption of concrete preventive 
behaviours. Post-hoc analyses indicated that singers with formal or combined training were 
overrepresented in higher awareness categories, whereas informal or untrained singers were more 
frequently associated with lower levels of vocal awareness. The percentage distribution  of awareness 
domains according to type of vocal training is illustrated  in Figure 1.

Figure 1. Percentage distribution  of awareness domains according to type of vocal training. 

DISCUSSION 
The results of this study highlight a level of vocal awareness that appears only partially consolidated in 
contemporary commercial music singers. Although two-thirds of participants reported good perceived 
vocal control,  the descriptive findings suggest that this confidence is not consistently supported by 
consolidated anatomical, technical,  and preventive knowledge. In particular,  the area relating to 
anatomical and physiological awareness showed that only 44.2% of participants demonstrated in-depth 
knowledge of voice production mechanisms, while over half of the sample (55.8%) reported partial or 
absent awareness. Considering that this domain included knowledge of the vocal apparatus, 
mechanisms of voice production and management, postural alignment, breathing in singing, and 
resonance cavities, these findings suggest that many modern singers develop their skills primarily 
through experiential learning rather than structured anatomical and functional  training.



The data relating to preventive practices are particularly relevant. Although a large proportion of the 
sample reported awareness of the importance of vocal warm-up, only 43% stated that they practised it 
regularly, while a substantial percentage applied it inconsistently. Even more critical  is the issue of vocal 
cool-down: only 11.8% reported consistent use, while over one third of participants were unaware of its 
existence. From a clinical  perspective, this finding is noteworthy, as cool-down procedures are 
considered important  strategies for promoting physiological recovery after vocal exertion and reducing 
the risk of fatigue. A similar discrepancy emerges in the area of vocal hygiene. While 79.6% of 
participants declared awareness of preventive practices, the systematic adoption of protective 
behaviours varied considerably. Hydration and avoidance of irritants were the most frequently reported 
strategies, whereas measures related to reflux management, respiratory allergies, and stress (all factors 
known to affect vocal function) were less commonly implemented. Approximately 49.5% of participants 
reported having experienced vocal problems during their singing activity. Although no direct causal 
inference can be drawn from the present data, the coexistence of limited  preventive behaviours and self-
reported vocal difficulties  suggests a potential  association that warrants further investigation. Inferential 
statistical  analysis revealed significant associations between type of vocal training and levels of 
awareness across multiple  domains. In particular,  singers with formal or combined training 
demonstrated higher anatomical and physiological competence, broader knowledge of vocal qualities, 
and greater adherence to warm-up and cool-down practices compared to participants with exclusively 
informal or no training. The strongest association was observed for warm-up and cool-down practices 
(Cramer's V = 0.50), indicating that structured training has a substantial impact on the adoption of 
preventive behaviours. The study presents some limitations . The use of a convenience sample and self-
reported measures may limit  the generalisability of the findings. Furthermore, the cross-sectional design 
does not allow causal interpretations regarding the relationship between vocal awareness and the 
occurrence of vocal problems. Overall, the findings suggest that vocal training plays a significant role not 
only in artistic  development but also in the promotion of vocal health and sustainability.

CONCLUSION AND RECOMMENDATIONS 
This study indicates that vocal awareness among contemporary singers is frequently uneven, with a 
notable discrepancy between perceived control  and objective knowledge of anatomical, technical,  and 
preventive aspects of voice use. The most critical  areas concern in-depth understanding of phonatory 
physiology and the systematic application of preventive practices, particularly vocal cool-down. 
Structured vocal training emerged as a significant protective factor, associated with higher levels of 
awareness and greater adoption of health-oriented behaviours. These findings support the integration of 
anatomical knowledge, self-monitoring strategies, and systematic warm-up and cool-down protocols  
within contemporary vocal pedagogy. Future research with larger samples and longitudinal designs will  
be necessary to clarify the relationship between vocal awareness, training pathways, and the long-term 
incidence of voice disorders.
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ABSTRACT 
Introduction  
Vibrato regularityуthe cycle-to-cycle predictability  of modulationуis essential for technique and 
pedagogy, yet large-scale quantification  in commercial  recordings has been hindered by vocal 
separation and quality control  challenges. 

Methods  
A corpus of 150 recordings of cęŰĬĲũќƚ љOmbra mai ŉƮЯњ covering various voice types and career tiers, 
was processed via MusicAI and iZotope RX11 Advanced. Six sustained notes per recording were 
analyzed in VibratoScope software. Evaluation included: (1) computing Coefficient of Variation (CV) and 
Sample Entropy (SampEn); and (2) dynamical assessment via recurrence analysis on reconstructed ŉЉ 
trajectories to extract Determinism (DET) and mean diagonal length (L). A PCA over (DET, L, SampEn) 
created a composite regularity index (PC1), where higher values indicate longer, more deterministic  
recurrences and lower entropy. Data integrity was managed by a љHasVibratoњ screening script to ensure 
cycle consistency. Statistical analyses utilized KruskalтWallis, pairwise Wilcoxon (Holm), linear models, 
and balanced resampling to handle unequal group sizes. 

Results  
Recurrence plots showed moderate-to-high DET and stable L. By voice type, Boy Sopranos were the least 
regular, while Sopranos and Tenors ranked highest, particularly in CV of extent and DET/L composites. 
The voice-type effect for CV of extent persisted after sample-size balancing. Singerlevel rankings showed 
strong concordance with the PCA regularity index. 

Conclusion  and Recommendations  
Combining dispersion (CV), complexity (SampEn), and temporal structure (DET, L) creates a scalable, 
meaningful representation of vibrato regularity. Systematic differences across voice types provide data-
driven insights for pedagogy and for clinical  assessment using professional reference models. 

Keywords: singing voice; vibrato regularity; voice type; acoustic analysis

INTRODUCTION 
Artificial  intelligence (AI) has reshaped modern research through tools that automate tasks previously 
performed manually, while also requiring careful methodological safeguards.ДтЖ In singing voice 
research, one particularly consequential application is music source separation, which enables the 
isolation of vocal stems from commercial  recordings and supports systematic analysis of historically 
significant and otherwise inaccessible performers.ЗЯИ This development is especially relevant for the 
study of elite artists ыљƚƨƓĲƖƚƣċƖƚњьЯ whose voices cannot be captured under laboratory conditions and 
whose careers span recording eras that predate contemporary clinical  instrumentation.



Once reliable fundamental frequency (fo) trajectories can be extracted from separated vocal tracks, 
commercial  recordings become a practical  substrate for large-scale investigation of vibrato, commonly 
defined as a periodic modulation of fo that is continuously and intentionally used in Western classical 
singing.Й Traditional vibrato research has focused primarily on rate (modulation frequency) and extent 
(modulation magnitude), but recent work has emphasized that regularityу the stability and predictability  
of cycle structure over timeуis an additional dimension with pedagogical and scientific  importance.КЯЛ 
Regularity can be described using dispersion-based measures (e.g., coefficient  of variation of cycle time 
or extent), complexity measures (e.g., sample entropy), and dynamical structure measures (e.g., 
determinism and diagonal line statistics  in recurrence plots).К These approaches are attractive because 
they characterize vibrato beyond mean values and offer interpretable markers of technical  stabilization 
and control . 
Despite growing interest, large-scale regularity analysis remains constrained by two practical  barriers. 
First, commercial recordings require robust separation and denoising to minimize interference from 
accompaniment and historical  artifacts. Second, even when fo can be extracted, cycle-level analyses 
are sensitive to tracking errors, onset/offset  transients, and segments lacking stable vibrato. For 
regularity metrics and recurrence analysis in particular,  inconsistent cycle detection or sparse 
trajectories can inflate entropy and depress recurrence structure,  producing misleading љŔƖƖĲŊƨũċƖŔƣǃњ 
unrelated to technique. 
The present study addresses these limitations  by combining (i) dual separation pipelines for 
crosschecking (MusicAI and iZotope RX11 Advanced), (ii) standardized selection of six sustained notes 
per recording from a single aria, and (iii) a dedicated љHasVibratoњ screening procedure that retains only 
segments with contiguous, consistent cycles and a reliably reconstructable dense fo trajectory. Using 
this quality-controlled  dataset, vibrato regularity is quantified across classical voice types. The goal is to 
provide a scalable, data-driven characterization of vibrato regularity in Western classical singing and to 
identify systematic differences associated with developmental constraints and vocal category. 

METHODS
Corpus and Grouping
A corpus of 150 commercial recordings of cęŰĬĲũќƚariaљ§ůĤƖċmai ŉƮњ(from Xerxes) was assembled.
Recordings were grouped by classical voice type (Soprano, Mezzo-Soprano, Alto, Countertenor, Tenor,
Baritone, Bass, BoySoprano).

Audio Processing and Note Selection
Vocal stems were produced using MusicAIand iZotope RX11 Advanced; both pipelines were retained for
cross-checking. Within each track, six sustained notes were extracted, normalized, and analyzed in
VibratoScope9 (batch mode). This repeated-note design provides within-singer sampling while keeping
musical context constant across the dataset.

Quality  Control : љHasVibratoњ Screening 
Because regularity metrics depend on consistent cycle structure and trajectory reconstruction,  each 
note was labeled HasVibrato = True only when all of the following criteria were met: 
1. a minimum number of contiguous vibrato cycles was present; 
2. cycle period and amplitude were consistent (no erratic spikes or long gaps); 
3. the dense ŉЉ trajectory could be reconstructed reliably for recurrence computation . Notes failing any 

criterion were excluded prior to statistics . 



The overall workflow of the analysis is summarized in Figure 1.

Figure1. Methods workflow for vibrato regularity analysis. Commercial recordings (n = 150) ofcęŰĬĲũќƚ
љ§ůĤƖċmai ŉƮњwere processed with vocal separation and denoising (MusicAI and iZotope RX11
Advanced). Six sustained notes per recording were selected and submitted to quality control via
HasVibrato screening. Regularityfeatures were computed (CV,SampEn, DET,and mean diagonal length
L),and a PCAover (DET,L, SampEn_neg) yielded a composite regularity index (PC1).

Regularity  Metrics  
Two complementary families of measures were computed: 
1. Dispersion  and complexity  (cycle -to-cycle) : 

o Coefficient of Variation (CV) for vibrato rate and extent; 4
o Sample Entropy (SampEn) computed on cycle-wise sequences (rate/extent, or cycle-time/value 
where available).  

2. Dynamical structure (recurrence ):
o Recurrenceanalysis was applied to densely reconstructed ŉЉtrajectories, yielding Determinism
(DET)and mean diagonal length (L). Thisapproach follows recurrence/entropy framing described
for vibrato complexity in opera and jazzrecordings.К

Composite  Regularity  Index (PCA) 
A principal component analysis (PCA) was performed on three features: DET, L, and negative SampEn 
(SampEn_neg). The first principal component (PC1) served as a composite regularity index: higher PC1 
values correspond to longer and more deterministic  recurrences together with lower entropy. 

Aggregation and Statistical  Analysis  
Per-note outputs were aggregated to per-singer medians to reduce dependence on note count and to 
stabilize estimates for group comparisons. Summaries were then computed by voice type. Inferential 
testing used KruskalтWallis for omnibus effects, pairwise Wilcoxon tests with Holm correction, linear 
models, and balanced resampling (equal-N) as a robustness check for unequal group sizes.


