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Passaggio on chorists’ voice range profile:
preliminary study of frequency and intensity

Nota de passagem no perfil de extensdo vocal de coristas:
estudo preliminar de frequéncia e intensidade

ABSTRACT

Purpose: To analyze the passaggio in the voice range profile of choristers, by identifying the fundamental
frequencies and intensities, both in the change to the high and low registers, comparing them, by voice
types. Method: 67 choristers participated, mean age of 27.79 (+ 7.50) years old, of the following voice
types: soprano (n = 20), alto (n = 17), tenor (n = 15) and bass (n = 15). For data collection and analysis, the
Vocalgram software (CTS Informatica) was used, which recorded the emission of the vowel / € / in ascending
and descending glissando, up to the lowest and highest note in the weakest and strongest intensities possible.
Results: The values of frequencies and respective intensities of the passaggio were identified in ascending and
descending, strong and weak emissions in all voice types. There was a higher occurrence of voice break in the
high voices, compared to the low ones. The average values of the frequencies found corresponded to different
tones from those established in the literature for all voice types. Conclusion: The passaggio identified in the
vocal range profile of choristers, based on their frequencies and intensities were more frequent in soprano na
tenor, compared to alto and bass, in changes to the low and high registers.

RESUMO

Objetivo: Analisar a nota de passagem no perfil de extensao vocal de coristas, pela identificacdo das frequéncias
fundamentais e intensidades, tanto na mudanga para o registro agudo quanto para o grave, comparando-as,
por naipe. Método: Participaram 67 coristas, com média de idade de 27,79 (+7,50) anos, dos naipes: soprano
(n=20), contralto (n=17), tenor (n=15) e baixo (n=15). Para coleta e analise dos dados utilizou-se o software
Vocalgrama (CTS Informatica) no qual foi realizada a gravagdo da emissao da vogal /&/ em glissando ascendente
e descendente, até as frequéncias mais grave e mais aguda, nas intensidades mais fraca e mais forte possiveis.
Resultados: Foram identificados os valores das frequéncias e respectivas intensidades das notas de passagem nas
emissoes ascendentes e descendentes fortes e fracas nos quatro naipes. Houve maior ocorréncia de identificagdo
de quebra nas vozes agudas, comparativamente as mais graves. Os valores médios das frequéncias encontradas
foram correspondentes a notas diferentes das estabelecidas na literatura para todos os naipes. Conclusiio: As
notas de passagem identificadas no perfil de extensdo vocal de coristas, a partir de suas frequéncias e intensidades,
obtiveram maior ocorréncia nos naipes soprano e tenor, comparativamente ao contralto e baixo, nas mudangas
para os registros graves e agudos.
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INTRODUCTION

One of the main characteristics of changes in untrained singers’
vocal register is the “voice break”, identified as passaggio.
Despite the controversies regarding its voice type attributes, it
is used as one of the parameters to classify singers’ voices?.

Register classification is based on the action of the predominant
muscle group in the emission and its resonance effects, whether
speaking or singing®. Passaggio, in their turn, are sudden
variations in the vibratory mass in actions triggered by changes
in vocal fold strain — which can be gradual, as when producing
a glissando.

Transitions in the register can be identified with instrumental
measures, even if the singer is skillful enough to attenuate them,
leaving no audibly perceivable changes®*.

Hence, computed acoustic measures can minimize
divergences in the identification of passaggio notes and be
a possible resource to analyze vocal behavior during register
changes. This would be useful to follow up on therapy and
vocal improvement results, providing visual feedback during
exercises proposed to minimize such breaks — which bother
singers considerably but can be disguised with constant training.
Moreover, given their importance to voice classification, these
notes can be better assessed with such measures, which, along
with auditory-perceptual analyses, can furnish more objective
data on study parameters®.

Thus, speech-language-hearing therapists are increasingly
adhering to these new technologies — such as phonetography,
which can assess people’s voice range profiles (VRP) through
the relationship between frequency and intensity, helping
analyze vocal performance®?. In this regard, the Vocalgrama®
software, by CTS Informatica, assesses the intensity and
frequency of singing voices based on VRP records. To this
end, singers emit the vowel / € / in ascending and descending
glissando, from the minimum to the maximum possible tone,
at strong and weak intensities®.

Besides furnishing information on voice ranges, VRP
analysis generates charts that make it possible to investigate
other parameters and visualize vocal changes not perceived by
hearing®. These results reinforce the importance of using this
instrument to record results and provide biofeedback to subjects
submitted to therapy or vocal improvement.

Since the acoustic effect of transitions in registers can be
disguised with constant training®, this program stands out as
a great ally in speech-language-hearing practice with singers,
as —among other aspects — it is useful to visually and auditorily
monitor the patient’s progress. Hence, this study aimed to
analyze passaggio notes in choir singers’ VRP, stratified by
voice types, identifying their fundamental frequency (f0) and
intensity, in changes to both high (ascending emissions) and
low pitches (descending emissions).

METHODS

This study was approved by the Research Ethics
Committee from the Center for Health Sciences at the

Federal University of Pernambuco under evaluation report
no. 1.455.166. Participants signed an informed consent form
before collecting data.

The sample comprised 67 adult choir singers from different
choirs, divided into voice types, according to the classification
given by their respective choir directors/singing teachers,
namely: soprano (n = 20), contralto (n=17), tenor (n=15),
and bass (n = 15). Their mean age was 27.79 (£7.50) years.
None of the singers in the sample had voice complaints.

Data were collected and analyzed with Vocalgrama, by
CTS Informatica, installed in an HP Notebook PC, with
Karsect HT-2 headset earphones, and an Andrea PureAudio™
USB-AS external sound card to filter and reduce noise. The
voices were recorded in the program, and the microphone
was adjusted 4 centimeters away from the singer’s corner
of the mouth.

To record VRPs, singers were asked to emit a vowel
/€/ in ascending and descending glissando, reaching the
lowest and highest frequency they could produce, at weak
and strong intensities. These data were collected three
times from each singer to ensure measure reproducibility.
The charts selected for analysis were the ones with the
subjects’ best emissions.

VRP results are calculated by the program, based on a chart
outlined along with the emissions. It shows the frequencies
in Hertz (Hz) and intensities in decibels (dB), respectively
located in the abscissa and ordinate axes®.

This study considered the following analysis variables:
1) Dependent variables: passaggio note identification
(in %); 10 in Hertz (Hz); vocal intensity (in decibels) (dB);
2) Independent variables: /€/ glissando emission mode (strong
and weak; ascending [ for high-pitched records] and descending
(for low-pitched records], and voice types (soprano, contralto,
tenor, and bass).

The passaggio notes were investigated through visual
and auditory-perceptual analysis of the chart generated by
the software. Two researchers (speech-language-hearing
therapists experienced in singing) verified the data in
consensus; if they had any divergence, a third one was
invited. In emission analysis, the researchers observed
the charts while playing the recording of the vowel /€/ in
ascending and descending glissando. The “break” was visually
identified when the signal in the chart was discontinued,
and auditory-perceptually identified by the typical vocal
instability perceived by the researchers while they listened
to the recording (Figure 1).

The presence of passaggio notes could be confirmed with
the visual analysis of the chart generated by the program,
as it represents such notes as discontinued tracing. Hence,
to identify the frequency and intensity of the passaggio
notes, the computer cursor was placed at the center of the
point that corresponded to the last record before the break.
In ascending emissions, this moment takes place from left
to right, while in descending ones they occur from right to
left (Figure 1).
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The notes corresponding to the frequencies were identified
with the “frequency to musical note converter”!'?. The
musical notation used was the American one, in which
the central 261.63-Hz Do in a 7-octave piano keyboard
corresponds to C4.

The Shapiro-Wilk test was used to test the normality of
the f0 and intensity data, rejecting the hypothesis of a normal
distribution when p < 0.05. To compare the voice types
regarding the percentage of passaggio notes identified, the
chi-square test was used for the analysis of proportions between
more than two independent samples, and the Mann-Whitney
test was used to compare passaggio notes’ median f0 and
intensity. All analyses were performed considering the level
of significance set at 5%.

RESULTS

The results of the percentage of subjects whose passaggio
notes were identified through auditory-perceptual and visual
analysis are shown in Table 1.

In ascending emissions, there were differences in passaggio
note identification between voice types. Breaks were more
evident among tenors than in the other types in both weak and
strong emissions.

In descending emissions, no differences in passaggio note
occurrences were found between the voice types. Likewise, no
differences in the percentage of passaggio notes were found
between ascending and descending and between strong and
weak emissions.

Considering the total of passaggio notes identified, high
voice types (soprano and tenor) had greater percentages than
low ones (contralto and bass). Tenors and sopranos together
add up to 70% of the subjects identified.

Table 2 shows the mean frequency and intensity values
found when the passaggio voice broke and the corresponding
notes, stratified by voice type, in the ascending, descending,
strong, and weak emissions.

Individual results per voice type show that passaggio notes
are different in the ascending and descending and in the strong
and weak emissions — the tenors’ and basses’ notes were quite
near in the ascending emissions, and the sopranos’ and contraltos’
notes were the same in the descending emissions. However, in
the inferential analysis, considering the whole group together
due to the few subjects in the sample, no difference in fO was
found between ascending and descending or between strong
and weak emissions. Concerning intensity, as expected, there
was a difference between strong and weak emissions, but not
between ascending and descending ones.
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Figure 1. Representation of the identification of passaggio notes based on the discontinuity (“break”) in the chart in weak (light blue) and strong
emissions (dark blue). 1 = point identified in the weak ascending emission; 2 = point identified in the strong ascending emission
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DISCUSSION

Vocal registers are not as studied in the literature as other vocal
parameters, and professionals have conceptual differences on the
topic®. Computer resources can help speech-language-hearing
therapists and singing teachers control transitions from one to another
register, considering the visual feedback these resources provide.
Thus, this study aimed to study preliminarily the characterization
of passaggio notes by identifying their frequency and intensity
in both ascending and descending transitions.

This study in 67 choir singers verified that in all emission
modes, passaggio notes were identified in no more than 30%
of the total subjects. This can be justified by the fact that the
sample comprised trained singers who participated in choirs.
Even though the singing practice time was not controlled, it
can be assumed that more trained singers were the ones whose
passaggio notes were not evident. To demonstrate this hypothesis,
future studies should control the singing practice time.

Since emission power, projection, and control improve
with better respiratory support conditions” !V, more breaks
were expected to be identified in the weak emissions. On the
other hand, singing practices also aim to control such support;
hence, it can be inferred that singers in the sample did not have
differences between these two modes thanks to their training.

It could also be explained by the sound emission form
(in glissandos), which, though nearer the singing voices, may induce
a greater voice range limitation than in note-to-note emissions®.
A suggestion for future studies is to compare the two types of
emission (in glissandos and note-to-note) to test these results.

A greater percentage of passaggio notes was identified in high
voice types (tenors and sopranos), to which a hypothesis may be
awider phonatory range in high voices'?, which would increase
the odds of detecting passaggio notes. This hypothesis could be
confirmed by comparing phonatory ranges between voice types.
Hence, this study may be continued to analyze this variable.

Since few studies address passaggio notes’ {0, they were
compared with the notes each frequency represents, also
considering their applicability in voice classification. Sopranos
presented notes that do not corroborate those described in
the literature, namely: from Mi3 to Fa3!¥ (equivalent, in the
American notation, to E4 and F4, respectively), or between
Mi4 and Fa4" and Fa#4®" (which, in the American notation,
correspond respectively to ES, F5, and F#5).

The same happened with the contraltos, whose break is
defined from Do3 to Reb3"? (corresponding to C4 to Db4, in the
American notation), Re3, and from Re4 to Mi4"¥ (corresponding
to D4, D5, and E3, respectively), and Re4 (D5, in the American
notation), while in the present study passaggio notes were higher
in weak ascending emissions, and lower in strong descending
emissions than in the cited studies.

The authors’ considered that the tenors’ passaggio notes
ranged from Mi3 to Fa3 (E4 to F4)1® and Si#3 (B#4)!'Y. Even
though this information diverges from other authors, La2
(A3) cited as this group’s passaggio note') was corroborated
in the present study, which also found this note in the weak
low emission. Contrarily, Re3 (D4) was present in the weak
ascending emission.

The basses’ notes in the weak and strong ascending emissions
were respectively Do3 (C4) and Re3 (D4), while the ones in the
weak and strong descending emissions were La2 (A3) and Do3
(C4). This finding differs from Mib3" (Eb4) but agrees partly
with the study that admits that the “break” can be found from Do3
to Reb3 (C4 to Db4)®. By considering Mi#2 (E#3), Sol2 (G3),
Re3 (D4), and Sol3 (G4) as this voice type’s passaggio notes'™,
the findings in this study corroborate in part such propositions.

Despite the differences in note analysis, the assessment per
octave showed that notes identified from the four voice types
belong to the indicated octaves: the third and fourth octaves
in sopranos and contraltos; the third octave and the transition
between the third and fourth octaves in tenors; and second and
third octaves in basses"?. Only La2 (A3), found in the tenors’
weak descending emissions, belongs to the second octave and,
therefore, was not expected.

Concerning divergences between this study and the literature,
the analysis method may have interfered, as the collection used
a voice range test, in which choir singers emit from low to high
notes and vice-versa. Thus, future studies should use the central
Do as the starting point for ascending and descending emissions.

No comparative data was found in the literature regarding
the intensity of notes in the weak and strong emissions, and the
number of subjects per voice type whose passaggio notes were
identified was not enough for statistical comparisons. Therefore,
future studies should have larger samples to compare differences
in this variable between voice types.

Passaggio notes were identified in all voice types in both weak
and strong emissions. Median frequency values corresponded
to notes different from those established in the literature for all
voice types. As for passaggio note intensity, studies with larger
samples are needed to establish reference values.

This preliminary study also demonstrated Vocalgrama’s
applicability to identify instrumentally the physiological
phenomenon of passaggio notes. The visual chart feedback
of this event may help both classify voices and follow up on
treatment or vocal improvement results in singers and non-
singers. Hence, it is useful as a voice analysis record and as a
therapy resource.

Moreover, this study differs from other ones in important
aspects, namely: 1) it took frequency measures, rather than using
musical instruments, making data more precise and allowing
for the calculation of means and medians; 2) with glissando
instead of note-to-note emissions because glissando emissions
are comparatively nearer the singing voice; 3) in the strong and
weak emissions, which in the singing voice have an essential
value in aerodynamic control and musical expressiveness.

It must be also highlighted that differences on the topic are
evident in the literature'>'>), demonstrating that there is no consensus
between authors. The lack of studies whose analyses consider
different emission conditions — such as ascending, descending,
strong, and weak — also hinders analyses per note or frequency.

Hence, given the current possibility of new and less subjective
analysis instruments than those traditionally used, this study
should be continued with a larger sample, comparing trained
and untrained singers, and comparing instrumental data with
auditory-perceptual analysis results.
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CONCLUSION

Passaggio notes identified in choir singers’ VRP based on
their frequencies and intensities occurred more often in sopranos
and tenors than in contraltos and basses in the changes to low
and high registers.
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