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Resumo

Este trabalho analisa cinco diferentes qualidades de voz produzidas com a nota C4 sustentada (262 Hz), a saber:
a) voz soprosa (Br): voz modal com escape de ar pelas pregas vocais; b) voz fraca (W): voz modal com mínima
pressão subglótica (pouco audível); c) voz modal (M): fonação semelhante à fala regular; d) voz crepitante
(Cr): voz modal com adição de vibração de prega irregular; e e) voz tensa (T): voz modal com pressão subglóti -
ca máxima. Para a análise acústica foi utilizado o software VoiceSauce que extraiu automaticamente treze parâ-
metros de medidas de curto prazo: 1- H1: amplitude relativa do primeiro harmônico; 2- H1H2: diferença de
amplitude entre o primeiro e o segundo harmônico; 3- H1A3: diferença entre a amplitude do primeiro harmôni-
co e a amplitude do harmônico de pico na região F3; 4- CPP: proeminência do pico cepstral; 5- Energia: medi -
da da intensidade da voz; 6-9: relação harmônico-ruído de 0-500, 0-1500, 0-2500, 0-3500 Hz; 10-11: frequên-
cia de pico do primeiro e segundo formantes; 12-13: largura de banda de F1 e F2. Os resultados estatísticos
mostraram que os parâmetros diminuem da seguinte maneira: 1) H1: M > Br > T > Cr > W; 2) H1H2: W > Br >
(M = Cr) > T; 3) H1A3: (W=Br) > M > Cr > T; 4) B1: T > W > Br > M > W; 5) B2: M > T > Cr > Br > W; 6)
CPP: T > M > Br > Cr > W; 7) Energia: T > M > Cr > Br > W. Além disso, HNR apresentou o mesmo padrão
decrescente para as quatro condições (W > M > T > Br > Cr), e os formantes F1 e F2 também apresentaram um
padrão decrescente semelhante ( T > M > Br > Cr > W).
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Abstract
  

This paper analysis five different voice qualities produced with a sustained C4 note (262 Hz), as follows: a)
breathy voice (Br): modal voice with air escape throughout the vocal folds; b) weak voice (W): modal voice
with minimum subglottal  pressure  (barely audible);  c)  modal  voice (M):  regular speech-like phonation;  d)
creaky voice (Cr): modal voice with the addition of irregular fold vibration; and e) tense voice (T): modal voice
with maximum subglottal pressure. For the acoustic analysis we used the software VoiceSauce that automati-
cally extracted thirteen parameters of short-term measures: 1- H1: relative amplitude of the first harmonic; 2-
H1H2: difference in amplitude between the first and the second harmonics; 3- H1A3: difference between the
first harmonic amplitude and the amplitude of the peak harmonic in the F3 region; 4- CPP: cepstral peak promi -
nence; 5- Energy: measure of voice intensity; 6-9: harmonics-to-noise ratio from 0-500, 0-1500, 0-2500, 0-
3500 Hz; 10-11: peak frequency of the first and second formants; 12-13: bandwidth of F1 and F2. The statisti -
cal results have shown that the parameters decrease in the following manner: 1) H1: M > Br > T > Cr > W; 2)
H1H2: W > Br > (M = Cr) > T; 3) H1A3: (W=Br) > M > Cr > T; 4) B1: T > W > Br > M > W; 5) B2: M > T >
Cr > Br > W; 6) CPP: T > M > Br > Cr > W; 7) Energy: T > M > Cr > Br > W. Moreover HNR presented the
same decreasing pattern for the four conditions (W > M > T > Br > Cr), and the formants F1 and F2 also pre-
sented a similar decreasing pattern (T > M > Br > Cr > W).

Keywords: voice quality, vowel quality, phonation mode, sustained f0.
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1.  INTRODUCTION

According  to  Keating  and  Esposito  [1],  the
three most common voice qualities (henceforth
VQs) in natural languages are related to the de-
gree of vocal folds adduction: i) creaky voice:
greater  glottal  and  supraglottal  (aryepiglottic
and ventricular folds) constriction; ii) breathy
voice:  posterior  glottal  abduction;  iii)  modal
voice: vocal folds constriction in between cre-
aky and breathy voices. As examples of voice
qualities  used  with  phonological  contrast  we
may cite Gujarati (modal voice x breathy voi-
ce,  cf.  [2]),  White  Mong and Jalapa Zapotek
(modal x breathy x creaky, cf. [3]; [4]). Also,
there are some languages in which the degree
of tension in the thyroarytenoid (TA) muscle is
responsible  for  phonological  contrast  such as
Takhian Thong Chong with four (modal x ten-
se x breathy x breathy-tense, cf. [5]) and Lachi-
xo Zapotec with five (falsetto, breathy, creaky,
modal, whispery, cf. [6]) Vqs.

Although DiCanio’s research [5] do not define
tense  phonation,  it  is  implied  they  are  fol-
lowing Edmodson and Esling's definition [7]:
“‘tense’ or ‘pressed’ phonation is produced by
bracing the vocal folds against the ventricular
folds (ventricular incursion) with a sphincteric
compression of the arytenoids.” [5, p.165]. Be-
sides,  Esling  [8]  and  Edmondson and  Esling
[7] have shown that there is a dual-fold relati-
onship between VQ and vowel quality, i.e., VQ
is influenced by vowel quality and also the op-
posite. Another phenomenon that is related to
vowel quality is breathiness. DiCanio [5] rela-
tes that breathy and/or breathy-tense are corre-
lated with higher vowels.

Based on the work by Catford [9] and Laver
[10] on phonatory and articulatory settings in
speech, Laver and Mackenzie-Beck [11] deve-
loped a  profile  for  voice quality  analysis  na-
med VPAS. Recently,  supported by the work
of their predecessors, John Esling and collea-
gues have developed a model that proposes a
laryngeal articulator and a system for transcri-
bing voice quality ([12]; [13]). Specifically, the
definition of VQ in this article will be based on
the assumptions of the VPAS model, which is
similar  to  the  voice  quality  definition  in  the
works by John Esling. 

2.   THE DEFINITION OF VOICE QUA-
LITY

As in our previous study on singing [14], voice
production is understood here as stated by La-
ver [10], who defines voice quality as all the
vocal characteristics that are related to speech,
including laryngeal, supra-laryngeal, and mus-
cular tension and voice dynamical features (see
[15] for a review). The core of VQ analysis is
based on the most common voice found in the
literature: modal voice. 

Garellek [16] comments that modal voice can
be defined as i) a sound that it neither creaky
nor breathy, or ii) the normal voice quality of a
subject. Of course, in the second definition, a
speaker  that  has  a  constant  creaky-voice  like
quality, this will be his modal voice, and if he
speaks a language with phonological distincti-
on between modal and creaky, he will have to
produce  a  sound  even  creakier  to  make  the
phonological  distinction.  According  to  him,
“we still know very little about individual dif-
ferences in voice quality” [16, p. 7].

Considering  that  there  are  different  types  of
vocal fold adduction, we propose in this paper
to  investigate  five  VQs,  as  follows:  i)  weak
voice: the minimum amount of subglottal pres-
sure in order to move the vocal folds and pro-
duce voicing; ii) breathy voice: voicing only in
the anterior part of the vocal folds with a con-
sequently leak of air in their posterior part; iii)
modal  voice:  full  contact  of  the  vocal  folds
throughout  its  extension  with  the  subject’s
comfortable subglottal pressure; iv) strong voi-
ce: the maximum amount of subglottal pressure
that the subject can produce; v) creaky voice:
constriction  of  the  supraglottal  folds  (aryepi-
glottic and ventricular folds) causing irregular
vibration of the vocal folds.

3.  THE RESEARCH START UP AND LI-
TERATURE REVIEW

The motivation for the study is the lack of a
full study that analyzes the mutual influence of
vowel quality and the subject in VQ’s spectral
parameters, and, therefore, the absence of de-
tailed information on how to interpret and dif-
ferentiate the different VQ settings of vowels.
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Some questions will  be addressed here: Does
the subject have different values of the VQ pa-
rameters in relation to different degrees of vo-
cal fold settings? How does the vowel quality
influence  the  VQ  parameters?  Although  the
subject  has  an  intentional  note  to  produce
(C4=262 Hz), will there be different f0 in func-
tion of the different VQs? Some previous stu-
dies shed some light to answer these questions.

Regarding the parameters H1 (relative amplitu-
de of the first harmonic), H1-H2 (difference in
amplitude between the first and the second har-
monic),  H1-A3  (difference  between  the  first
harmonic amplitude and the amplitude of the
peak  harmonic  in  the  third  formant  region),
Hillenbrand and Houde [17] found that the am-
plitude  of  H1 in  breathy  voices,  which  have
lesser vocal fold adduction, is higher compared
to  the  modal  voice.  As  a  result,  voices  with
smaller  vocal  fold adduction  such as  breathy
voices  have  higher  H1,  H1-H2  and  H1-A3
compared to voices with greater vocal fold ad-
duction such as modal and creaky voices. This
previous result was also found by Esposito [18]
for the language Zapotec. 

DiCanio [5] discusses the correlation of phona-
tion types with certain acoustic measurements.
According  to  him,  greater  adductive  tension
causes greater excitation of higher harmonics.
Therefore, “one measures the amplitude of hig-
her  harmonics  to  see,  albeit  indirectly,  how
tense the vocal folds are during their vibration”
[5, p. 167]. Also, he states that “low-range me-
asures like H1-H2 have a close correlation to
OQ values and are therefore good measures of
the degree of glottal tension present in different
phonation types" [5,  p.  168].  Zhang [19] ex-
plains that “a longer open phase often leads to
a  more  dominant  first  harmonic  (H1)  in  the
low-frequency  portion  of  the  resulting  voice
source spectrum".  Also,  Stevens [20] showed
that  the  spectral  tilt  is  correlated  with  the
abruptness of vocal fold closure. Based on this
argument, H1-H2 and H1-A3 values are expec-
ted to be smaller with greater vocal adduction.

Similarly,  Ladefoged  and  Maddieson  [21]
found that lax vowels had higher H1-H2 values
than tense vowels in some minority languages
of China, and Esposito [22] found that H1-A3
was  the  best  measure  to  distinguish  breathy

from modal phonation in the language Chong.
In addition, Hanson et al. [23] comments that \
when vocal folds close completely but nonsi-
multaneously  along  their  length,  the  source
spectral tilt  will increase", resulting, therefore
in  smaller  values  of  H1-A3.  This  study also
comments  that  H1-H2 is  also correlated  with
the open quotient  of the vocal  folds,  and the
corrections in the parameters H1, H2, A3 are
necessary  once  we  want  to  compare  vowels
and  speakers.  In  another  study,  Stevens  [20]
mentions that H1-H2 is larger for the lax vowel
[ɪ] in comparison to the tense vowel [æ]. Based
on this study, Hanson et al. [23] concludes that
these  differences  suggest  that  the  reduced
vowel is produced with a greater open quotient
and a larger glottal opening. Zhang [19] provi-
des  another  correlation  between  physiology
and  acoustics:  “for  a  glottal  waveform  of  a
very  short  open  phase,  the  second  harmonic
(H2) or even the fourth harmonic (H4) may be-
come  the  most  dominant  harmonic.  Voice
source with a weak H1 relative to H2 or H4 is
often  associated  with  a  pressed  voice
quality."(p.  2619)  Millgard  et  al.  [24]  found
that H1-H2 decrease is correlated with increase
in vocal fold adduction, and Mooshammer [25]
presents higher values of H1-A3 with soft voi-
ces in comparison to loud voices.

Apart from being the most used measurements
for distinguishing phonological VQs, Kreiman
and colleagues  gives  a  justification  for  using
acoustic  measurements  in  VQ analysis,  “H1-
H2, the spectral  slope in  the mid-frequencies
(roughly 1-3 kHz), and high frequency excitati-
on (harmonic and inharmonic) each account for
more than 24% of variance in spectral shapes,
suggesting that these features may be important
determinants of voice quality” (26, p.608). Ke-
ating  et  al.  [27]  comments  that  H1-H2  with
correction for the effect of formants is the most
important  measure  of  phonation  contrasts
across languages. See, for example, the use of
H1 by Esposito [18] to show this parameter in-
creases  from creaky to modal  and to  breathy
voice, and Garellek and Keating [28] that used
H1-H2 to show this parameter increases from
creak to modal and to breathy voice.

In consideration of the speech source harmoni-
city and broad voice intensity, v. Latoszek et
al. [29] comments that the measures of cepstral



4   Instruções e modelo de artigo para o FIA 2020/22 e XXIX Sobrac                   FIA 2020/22 | XXIX Sobrac

peak  prominence  (henceforth  CPP)  were  the
best predictors of breathiness with lower values
for  this  VQ.  Garellek  and  Keating  [28]  also
shows the following pattern for the CPP in Ja-
lap Zapotek: modal > creak > breathy. Hollien
[30]  found higher  intensity  values  for  modal
voice than loft (falsetto-like) voice, and com-
mented that greater thyroarytenoid muscle acti-
vity results in smaller values of HNR.

4.  DATA AND METHODS

Five vowel qualities [a, ɛ, i, ɔ, u] sustained for
1000  milliseconds  with  a  note  C4  (262  Hz)
were recorded with five voice qualities (modal,
creaky, breathy, weak, strong), generating a to-
tal of 25000 (5 vowels x 5 VQ x 1000 ms) data
for analysis of nine spectral parameters of VQ.
Weak voice is considered as a sound produced
with  the  minimum subglottal  pressure  neces-
sary for vibrating the vocal folds. On the other
hand, strong voice is the voice produced with
the maximum subglottal pressure that the sub-
ject can support for vibrating the vocal folds. 

In order to assure the right note tuning, before
recording each vowel, the note C4 was played
in a Yamaha PSR E36 keyboard, and then the
five VQs for each vowel were recorded (eg.:
note C4 recorded with creaky [a], modal  [a],
breathy [a], weak [a], strong [a]). As we can
notice in tables 2, 4, 6, 8, and 10, this procedu-
re was effective for ensuring a perfect pitch in
all VQs.  Based on his self-perception, the sub-
ject claimed that five voice qualities were crea-
ted with five different laryngeal configurations,
and that the note C4 (262 Hz) was effectively
produced in all cases. The investigated subject
was a vocalist with a bachelor degree in Music,
with more than 20 years of experience in cho-
ral and pop singing, phonetician with speciali-
zation in voice quality in speech and singing,
and with VPAS training (the author A.R.M.1). 

The audios were recorded using a Shure Beta
58a microphone at a sampling rate of 96 kHz,
converted to WAV (mono) in Praat [34], and
then the audio was down-sampled to 16 kHz in
VoiceSauce. To avoid errors related to the re-
cording methods, before calculating the acous-
tic measures, the audios were normalized to the
maximum amplitude in the software Audacity.

For the acoustic analysis we used the software
VoiceSauce [35, 36] that automatically extrac-
ted thirteen parameters of short-term measures
(H1*2: relative amplitude of the first harmonic;
H1*H2*: difference in amplitude between the
first and the second harmonic; H1*A3*:diffe-
rence between the first harmonic amplitude and
the amplitude of the peak harmonic in the F3
region;  CPP:  cepstral  peak  prominence;
Energy:  measure  of  voice  intensity;  HNR5,
HNR15,  HNR25,  and HNR35:  harmonics-to-
noise ratios from 0-500 Hz, 0-1500 Hz, 0-2500
Hz, and 0-3500Hz; F1: peak frequency of the
first formant; F2: peak frequency of the second
formant; B1: bandwidth of F1; B2: bandwidth
of F2). For f0 extraction we used VoiceSauce’
Straight measure (strF0), and for formant ex-
traction we used the Snack method [37]. The
settings  for  calculating  the  formants  and
bandwidths  were:  window  length  of  25  ms,
steps of 1 ms, LPC order of 12, and pre-emp-
hasis of 0.98.

5.  RESULTS

All  statistical  analyses  were  run  in  RStudio
(version 1.0.153). First we checked the histo-
grams of the five different voice qualities for
every vowel to observe whether they exhibit a
normal distribution, and then ran a Shapiro test
for statistical  significance.  As no data passed
the normality test, we ran a Kruskal-Wallis test
with the spectral  parameters  as a  function of
the  vowel  for  each voice  quality  (eg.  H1* ~
breathy vowel), and then a Dunn’s test for mul-
tiple  comparisons  with Bonferroni correction.
Afterwards wer ran this same statistical proce-
dures for the spectral parameters as a function
of the voice quality for each vowel (eg. H1* ~
voice quality, vowel [a]). Statistical significan-
ce was found for all parameters regarding the
Kruskal-Wallis test. Moreover, considering the
fundamental  frequency (see tables  2,  4,  6,  8,
and 10) all the voice qualities were produced
around the note C4 (=262 Hz). 

5.1  The  influence  of  the  vowel  quality  on
spectral parameters

Flanagan  [38]  and Titze  [39]  have  discussed
the non-linear relation between source and fil-
ter.  Therefore,  it  is  expected  that  the  vowel
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quality may influence the voice quality. Never-
theless, it is very rare to find articles that pre-
dicts  how this  influence is manifested on the
voice  quality parameters.  Esling [8] and Ed-
mondson  and  Esling  [7],  for  example,  have
shown  that  there  is  a  dual-fold  relationship
between VQ and vowel quality, i.e., VQ is in-
fluenced by vowel quality and also the opposi-
te.  In  another  study,  DiCanio  [5]  relates  that
breathy  and/or  breathy-tense  are  correlated
with higher vowels.

In a previous paper [40], we have proposed the
following  hypotheses  regarding  the  influence
of the vowel quality on voice quality: 

H1. H1* has greater values in high vowels, in-
termediate in mid vowels, and smaller values
in low vowels.

H2: H1*H2* has greater values in high vowels,
intermediate in mid vowels, and smaller values
in low vowels.

H3: H1*A3* has greater values in high vowels,
intermediate in mid vowels, and smaller values
in low vowels.

H4. CPP has greater values in low vowels, in-
termediate in mid vowels, and smaller values
in high vowels.

H5. Energy has greater values in low vowels,
intermediate in mid vowels, and smaller values
in high vowels.

H6.  HNR  (HNR5,  HNR15,  HNR25,  and
HNR35) have greater values in low vowels, in-
termediate in mid vowels, and smaller values
in high vowels.

5.1.1 Breathy voice

Considering only the breathy voice, Tables 1, 2
and figures 1 to 9 show that: H1:  partially cor-
roborated  since  [a̤]=[ɔ̤]  <  [i̤]  <  [ɛ̤]  <  [ṳ]  for
H1*; H2: not corroborated since we observed
somewhat the reverse pattern: [i̤] < [ṳ] = [ɔ̤] <
[a̤] < [ɛ̤] for H1*H2*; H3: not corroborated sin-
ce [ɔ̤] < [ṳ] < [i̤] < [a̤] < [ɛ̤] for H1*A3*; H4:
not corroborated since [a̤] < [ɛ̤]=[ɔ̤]= [i̤] < [ṳ]
for CPP; H5: not corroborated since [a̤] < [i̤] <
[ɛ̤] < [ɔ̤] < [ṳ] for Energy; H6: not corroborated

since [a̤] = [ɛ̤] = [i̤] = [ɔ̤] = [ṳ] for HNR5, [a̤] <
[ɔ̤] < [ɛ̤] < [ṳ] < [i̤] for HNR15,  [a̤] < [ɛ̤] < [ɔ̤]
< [i̤] < [ṳ] for HNR25 and HNR35. 

Table  1:  Spectral  parameters  for  all  vowels
with breathy voice quality.

V H1* H1H2* H1A3* CPP Energy

a̤ 15.5(1.8) 7.4(2.4) 15.6(3.0) 16.4(2.0) 5.5(2.2)

ɛ̤ 18.0(3.3) 8.0(3.2) 17.3(3.9) 19.5(2.1) 7.4(3.8)

i̤ 16.8(4.0) 3.5(4.5) 7.0(4.3) 19.1(2.8) 6.7(5.0)

ɔ̤ 15.3(3.3) 6.8(4.9) -8.8(4.5) 19.8(1.8) 11.8(7.9)

ṳ 19.4(4.1) 5.9(4.6) 0.9(4.8) 20.6(1.7) 17.5(11.2)

Table  2:  Spectral  parameters  for  all  vowels
with breathy voice quality (continuation).

V HNR5 HNR15 HNR25 HNR35 sF0

a̤ 29.9(3.9) 19.1(3.5) 19.9(3.6) 19.7(3.3) 263.3(3)

ɛ̤ 30.3(4.8) 22.6(4.6) 21.0(4.2) 21.5(4.1) 262(4)

i̤ 29.0(6.5) 31.4(6.5) 29.0(6.1) 26.8(5.8) 262(5)

ɔ̤ 30.3(4.8) 20.3(5.1) 23.4(5.1) 23.0(4.8) 262(3)

ṳ 28.3(5.3) 26.0(5.5) 32.3(6.1) 31.4(5.6) 265(3)

5.1.2 Weak voice

Considering only the weak voice, Tables 3, 4,
and figures 1 to 9 show that: H1: corroborated
since [aw] < [ɔw] <  [ɛw] < [iw] < [uw] for H1*;
H2: partially corroborated since [ɔw] < [aw] <
[ɛw]  <  [iw]  =  [uw]  for  H1*H2*;  H3:  partially
corroborated since  [ɔw] < [uw] < [aw] < [ɛw] <
[iw]  for  H1*A3*;  H4:  not  corroborated  since
[aw] < [uw] < [ɛw] < [iw] < [ɔw] for CPP; H5: not
corroborated since [aw] < [iw] <  [ɛw] < [uw] <
[ɔw]  for  Energy;  H6:  partially  corroborated
since [uw] < [ɛw] = [iw] < [aw] < [ɔw] for HNR5,
[aw] < [ɛw] =  [ɔw] < [uw] < [iw] for HNR15,  [ɛw]
< [aw]  <   [ɔw]  <  [uw]  =  [iw]  for  HNR25 and
HNR35. 

5.1.3 Modal voice

Considering only the modal voice, Tables 5, 6,
and figures 1 to 9 show that: H1: corroborated
since [a] <  [ɛ] < [ɔ] = [i] = [u] for H1*; H2:
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partially  corroborated since [ɛ]  < [ɔ]  < [a]  <
[u]  <  [i]  for  H1*H2*;  H3:  not  corroborated
since   [u] <  [a] =  [i]  = [ɛ] < [ɔ] for H1*A3*;
H4: not corroborated since [u] = [a] <  [i] < [ɛ]
< [ɔ] for CPP; H5: not corroborated since [i] <
[a] < [u] < [ɛ] < [ɔ] for Energy; H6: partially
corroborated since [u] < [ɛ] = [ɔ] < [i] < [a] for
HNR5,  [ɛ] = [ɔ] < [u] < [a] < [i] for HNR15,
[ɛ] < [ɔ] < [a] < [u] = [i] for HNR25, and  [ɛ] <
[ɔ] < [a] = [i]  < [u] for HNR35.

Table  3 Spectral  parameters  for  all  vowels
with weak voice quality.

V H1* H1*H2* H1*A3* CPP Energy

aw 6.1(4.1) 5.3(4.9) 9.3(9.0) 15.4(1.5) 0.6(0.2)

ɛw 9.1(3.3) 6.4(7.1) 12.2(3.9) 17.4(1.7) 1.1(0.4)

iw 10.1(3.7) 12.3(6.1) 15.9(6.5) 17.9(2.0) 1.0(0.9)

ɔw 7.6(3.7) 2.4(4.8) -10.8(3.7) 18.4(1.5) 2.6(1.4)

uw 11.0(2.6) 11.5(5.2) 6.4(9.4) 16.3(1.9) 2.0(0.8)

Table  4 Spectral  parameters  for  all  vowels
with weak voice quality (continuation).

V HNR5 HNR15 HNR25 HNR35 sF0

aw 37.9(3.6) 29.3(3.0) 33.5(3.4) 32.8(3.6) 259(2)

ɛw 36.2(6.0) 32.6(5.4) 31.5(4.9) 32.7(4.4) 262(2)

iw 37.3(3.9) 43.4(3.7) 41.8(3.6) 40.8(3.6) 263(5)

ɔw 40.0(4.3) 33.1(4.0) 38.4(3.4) 37.4(2.8) 260(4)

uw 34.1(5.5) 34.9(4.8) 42.3(4.8) 41.4(4.2) 263(4)

Table  5:  Spectral  parameters  for  all  vowels
with modal voice quality.

V H1* H1H2* H1A3* CPP Energy

a 15.8(4.8) 0.9(4.7) 6.1(10.7) 23.0(1.7) 23.0(17.9)

ɛ 16.0(3.3) -5.9(2.1) 6.4(4.0) 24.8(2.8) 60.8(20.1)

i 18.7(2.4) 12.4(1.5) 7.5(4.2) 23.7(2.6) 12.2(3.5)

ɔ 18.6(3.0) -3.5(3.0) 9.6(7.4) 26.5(2.5) 75.7(24.8)

u 18.6(2.8) 9.3(3.2) -4.7(4.5) 22.5(2.8) 33.0(12.6)

Table  6:  Spectral  parameters  for  all  vowels
with modal voice quality (continuation).

V HNR5 HNR15 HNR25 HNR35 sF0

a 42.5(4.7) 30.7(4.4) 31.4(4.5) 30.0(4.4) 258(2)

ɛ 33.0(4.8) 24.3(4.5) 23.6(4.6) 23.6(4.3) 262(2)

i 34.1(5.0) 35.0(4.6) 33.0(4.6) 30.0(4.3) 263(3)

ɔ 32.6(4.7) 24.5(4.3) 26.1(4.3) 26.6(4.3) 261(3)

u 31.7(4.4) 28.4(4.3) 34.1(4.4) 33.3(4.6) 263(4)

5.1.4 Strong voice

Considering only the strong voice, Tables 7, 8,
and  figures  1  to  9  show  that:  H1:  not
corroborated since [as] = [ɛs] = [is] = [us] <
[ɔs] for H1*; H2: partially corroborated since
[ɛs] = [ɔs] = [as] = [us] < [is] for H1*H2*; H3:
not corroborated since [is] < [ɛs] < [us] = [as]
= [ɔs] for H1*A3*; H4: corroborated since [is]
<  [us]  <   [ɔs]  <  [ɛs]  =  [as]  for  CPP;  H5:
corroborated since [is] < [us] = [ɛs] < [ɔs] <
[as]  for  Energy;  H6:  partially  corroborated
since [us] = [is] < [ɛs] < [ɔs] < [as] for HNR5,
not corroborated since [as] < [is] = [ɛs] = [ɔs] <
[us] for HNR15,  not corroborated since [as] =
[is] = [us] < [ɛs] < [ɔs]  for HNR25, and not
corroborated since [is] = [ɔs] < [as] = [us]  <
[ɛs] for HNR35.

Table  7:  Spectral  parameters  for  all  vowels
with strong voice quality.

V H1* H1H2* H1A3* CPP Energy

as 16.5(3.6) 0.13(5.3) 1.2(6.9) 27.4 (3.3) 123.3 (37.5)

ɛs 16.1(2.6) -0.18(3.9) -4.9(8.9) 27.5(3.6) 106.6(27.7)

is 16.0(5.6) 7.5(4.4) -6.7(7.7) 24.4(3.2) 62.4(41.6)

ɔs 10.7(8.5) -5.9(2.7) 1.9(8.8) 26.3(5.2) 105.6(52.6)

us 15.3(5.0) -0.21(3.8) 0.7(10.3) 25.5(5.3) 90.4(51.6)
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Table  8:  Spectral  parameters  for  all  vowels
with strong voice quality (continuation).

V HNR5 HNR15 HNR25 HNR35 sF0

as 31.3(9.1) 22.4(8.8) 23.8(9.2) 24.4(9.4) 257(4)

ɛs 29.9(7.8) 26.3(9.5) 25.6(10.3) 25.7(10.4) 265(4)

is 26.0(6.6) 27.9(6.8) 25.0(6.3) 22.0(5.9) 266(7)

ɔs 33.7(9.7) 25.9(10.4) 27.9(10.4) 27.1(10.5) 269(6)

us 25.6(7.5) 23.1(7.6) 25.0(7.5) 24.8(7.4) 272(3)

5.1.5 Creaky voice

Considering only the creaky voice, Tables 7, 8,
and  figures  1  to  9  show  that:  H1:  not
corroborated since [ɔ̰] < [a̰] = [ḭ] <  [ɛ̰] = [ṵ] for
H1*; H2: partially corroborated since [ɔ̰] < [ɛ̰]
<  [a̰]  <  [ṵ]  <  [ḭ]  for  H1*H2*;  H3:  not
corroborated since [ɔ̰] <   [ṵ] <  [a̰] < [ɛ̰] < [ḭ]
for H1*A3*; H4: not corroborated since    [ṵ]
<   [ɔ̰]  =  [a̰]  <  [ɛ̰]  =  [ḭ]  for  CPP;  H5:  not
corroborated since   [ḭ] < [a̰] < [ɛ̰] < [ɔ̰] = [ṵ]
for Energy;  H6:  not  corroborated for HNR 5
since  [ṵ]  =  [ɔ̰]  <  [a̰]  =  [ɛ̰]  <  [ḭ],   not
corroborated for HNR15 since [ɔ̰] < [a̰] < [ṵ] <
[ɛ̰] < [ḭ], partially corroborated for HNR25 [ɔ̰]
<  [a̰]  =  [ɛ̰]  <  [ṵ]  <  [ḭ],  and  partially
corroborated   [ɔ̰]  <  [a̰]  =  [ɛ̰]  <  [ṵ]  < [ḭ]  for
HNR35.

Table  9:  Spectral  parameters  for  all  vowels
with creaky voice quality.

V H1* H1H2* H1A3* CPP Energy

a̰ 13.0(4.7) 1.96(5.1) -0.9(5.8) 17.3(3.4) 23.0(9.3)

ɛ̰ 14.9(3.5) -1.11(5.8) 2.8(5.2) 18.9(3.1) 38.2(13.3)

ḭ 13.0(2.9) 9.6(1.5) 5.4(3.7) 19.0(3.0) 9.2(3.6)

ɔ̰ 11.5(3.1) -3.8(2.2) -7.2(7.2) 16.9(3.5) 42.7(9.0)

ṵ 14.3(2.4) 3.5(4.1) -3.8(5.5) 15.4(2.5) 42.1(18.0)

Table 10:  Spectral  parameters  for all  vowels
with creaky voice quality.

V HNR5 HNR15 HNR25 HNR35 sF0

a̰ 16.2(12.3) 4.7(12.5) 8.6(11.6) 9.0(10.8) 252(10)

ɛ̰ 16.7(9.3) 9.2(8.4) 7.1(7.8) 8.9(7.1) 254(6)

ḭ 23.4(11.5) 26.6(10.9) 23.6(10.4) 21.0(9.5) 267(6)

ɔ̰ 9.3(7.8) -1.8(8.1) 3.1(8.1) 3.7(7.4) 260(9)

ṵ 8.3(6.6) 6.4(6.6) 11.3(6.9) 12.4(6.6) 256(7)

Figure 1: H1* as function of the vowels and the
voice qualities.

Figure 2: H1*H2 as a function of the vowels and
the voice qualities.
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Figure 3: H1*A3* as a function of the vowels and
the voice qualities.

Figure 4:  CPP as a function of the vowels and the
voice qualities.

Figure 5: Energy as a function of the vowels and
the voice qualities.

Figure 6:  HNR5 as a function of the vowels and
the voice qualities.

Figure 7:  HNR15 as a function of the vowels and
the voice qualities.

Figure 8:  HNR25 as a function of the vowels and
the voice qualities.
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Figure 9:  HNR35 as a function of the vowels and
the voice qualities.

5.2  The  influence  of  the  voice  quality  on
spectral parameters

After  displaying  the  influence  of  the  vowel
quality  on  voice  quality  parameters,  we  are
going to show how the voice quality changes
the  voice  quality  parameters  for  each
individual vowel. 

Higher values of H1* are usually associated in
the literature with breathy voice [17, 18], i.e.,
the  presence  of  a  certain  air  escape  (breath)
through  the  vocal  folds  during  phonation
(modal voice). Thus, considering that a higher
H1  is  correlated  with  greater  air  escape  and
lesser  vocal  adduction,  we  hypothesize  the
following order  in  our  data:  breathy  voice  >
weak voice  > modal  voice  > creaky voice >
strong voice. 

According  to  Keating  and  colleagues  [27],
higher values of H1*H2* are associated with
breathy and lax phonations, and lower values
with  creaky  and  tense  phonations.  We
hypothesize  the  following  order  for  this
parameter:  breathy  voice  >  weak  voice  >
modal voice > creaky voice > strong voice. 

According  to  Gordon  and  Ladefoged  [41],
spectral tilt (H1*A3*) is “the degree to which
intensity drops off as frequency increases” (p.
15)  and  “characteristically  most  steeply
positive  for  creaky  vowels  and  most  steeply
negative  for  breathy  vowels”  (p.  15).  Higher
H1*A3  values,  therefore,  are  found  in

phonations with greater air escape, i.e., lesser
activation  of  the  muscles  thyroarytenoid  and
lateral  cricoarytenoid  muscles.  Then,  we
hypothesize  the  following  pattern  for  this
parameter:  breathy  voice  >  weak  voice  >
modal voice > creaky voice > strong voice. 

According to Hillenbrand and colleagues [17,
p. 772], “the idea behind the CPP measure is
that  a  highly  periodic  signal  should  show  a
well  defined  harmonic  structure  and,
consequently, a more prominent cepstral peak
than a  less  periodic  signal”.  Also,  Shue [35]
states  that  it  “should  be  larger  for  modal
phonations  and  smaller  for  breathy
phonations”, and “smaller for creaky voices if
the  phonation  is  aperiodic”.  We  hypothesize
the following order for this parameter: strong >
modal > weak > breathy > creaky.

Energy, according to Shue [35, p. 61-62], may
be  correlated  with  vocal  effort.  So,  we
hypothesize  the  following  order  for  this
parameter: strong > modal > creaky > breathy
> weak. 

Yumoto and Gould [42] found that  the HNR
for  a  healthy  group  varied  between  7.0  and
17.0 dB with  a  mean of  11.9 dB.  They also
considered values below 7.4 dB to be patholo-
gical. As HNR can be correlated to noise in the
spectrum, we hypothesize the following order
for this parameter:  strong > modal > weak >
creaky > breathy.

According to these previous findings in the lit-
erature, we have proposed the following hypo-
theses:

H7. H1 will  decrease  in  the following order:
breathy > weak > modal > creaky > strong.
H8:  H1*H2*  will  decrease  in  the  following
order:  breathy  >  weak  >  modal  >  creaky  >
strong.
H9:  H1*A3*  will  decrease  in  the  following
order:  breathy  >  weak  >  modal  >  creaky  >
strong.
H10. CPP will increase in the following order:
breathy < creaky < weak < modal < strong. 
H11.  Energy  will  increase  in  the  following
order:  weak  <  breathy  <  creaky  <  modal  <
strong. 
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H12.  HNR  (HNR5,  HNR15,  HNR25,  and
HNR35) will  increase in the following order:
breathy < creaky < weak < modal < strong. 

5.2.1 Vowel [a]

Considering only the vowel [a], Tables 1 to 10,
and  figures  1  to  9  show  that:  H7:  not
corroborated since breathy = modal = strong >
creaky > weak for H1*; H8: corroborated since
breathy > weak > modal > creaky > strong for
H1*H2*;  H9:  partially  corroborated  since
breathy > weak > modal > strong > creaky for
H1*A3*; H10: not corroborated since weak <
breathy = creaky < modal  < strong for CPP;
H11:  corroborated  since  weak  <  breathy  <
creaky < modal < strong for Energy; H12: not
corroborated for HNR 5 since creaky < breathy
< strong < weak < modal, not corroborated for
HNR15  since  creaky  <  breathy  <  strong  <
weak  <  modal,  not  corroborated  for  HNR25
creaky < breathy < strong < modal < weak, and
not  corroborated  for  HNR35  since  creaky  <
breathy < strong < modal < weak.

5.2.2 Vowel [ɛ]

Considering only the vowel [ɛ], Tables 1 to 10,
and  figures  1  to  9  show  that:  H7:  not
corroborated since breathy > modal = strong >
creaky > weak for H1*; H8: not corroborated
since  breathy  >  weak  >  strong  >  creaky  >
modal  for  H1*H2*;  H9:  corroborated  since
breathy > weak > modal > creaky > strong for
H1*A3*;  H10:  partially  corroborated  since
weak < creaky < breathy < modal < strong for
CPP; H11: corroborated since weak < breathy
< creaky < modal < strong for Energy; H12:
not  corroborated  for  HNR  5  since  creaky  <
strong  <  breathy  <  modal  <  weak,  not
corroborated  for  HNR15  since  creaky  <
breathy  <  modal  <  strong  <  weak,  not
corroborated  for  HNR25  since  creaky  <
breathy  <  modal  <  strong  <  weak,  and  not
corroborated  for  HNR35  since  creaky  <
breathy < strong < modal < weak.

5.2.3 Vowel [i]

Considering only the vowel [i], Tables 1 to 10, and
figures 1 to 9 show that: H7: not corroborated
since  modal  >  breathy  =  strong  >  creaky  >
weak  for  H1*;  H8:  not  corroborated  since

weak = modal > creaky > strong > breathy for
H1*H2*;  H9:  partially  corroborated  since
weak > breathy = modal > creaky > strong for
H1*A3*; H10: not corroborated since weak <
breathy = creaky < modal  = strong for CPP;
H11:  corroborated  since  weak  <  breathy  <
creaky < modal < strong for Energy; H12: not
corroborated for HNR 5 since creaky = strong
< breathy  < modal  < weak,  not  corroborated
for HNR15 since creaky = strong < breathy <
modal  <  weak,  not  corroborated  for  HNR25
since  creaky  =  strong  <  breathy  <  modal  <
weak, and not corroborated for HNR35 since
creaky = strong < breathy < modal < weak.

5.2.4. Vowel [ɔ]

Considering only the vowel [ɔ], Tables 1 to 10,
and  figures  1  to  9  show  that:  H7:  not
corroborated since modal  > breathy > creaky >
strong > weak for H1*; H8: corroborated since
breathy > weak = modal > creaky > strong for
H1*H2*; H9: not corroborated since modal >
strong > creaky = breathy > weak for H1*A3*;
H10: not corroborated since creaky < weak <
breathy  <  strong  <  modal  for  CPP;  H11:
corroborated since weak < breathy < creaky <
modal  <  strong  for  Energy;  H12:  not
corroborated for HNR5, HNR15, HNR25, and
HNR35  since  creaky  <  breathy  <  modal  <
strong < weak.

5.2.5. Vowel [u]

Considering only the vowel [u], Tables 1 to
10,  and  figures  1  to  9  show  that:  H7:  not
corroborated since breathy > modal > strong >
creaky > weak for H1*; H8: not corroborated
since  weak  >  modal  >  breathy  >  creaky  >
strong for H1*H2*; H9: not corroborated since
weak > breathy > strong > creaky > modal for
H1*A3*; H10: not corroborated since creaky <
weak  <  breathy  <  modal  <  strong  for  CPP;
H11:  partially  corroborated  since  weak  <
breathy < modal < creaky < strong for Energy;
H12:  not  corroborated  for  HNR5,  HNR15,
HNR25, and HNR35 since creaky < strong <
breathy < modal < weak.
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6.  CONCLUSION

Although  preliminary,  our  acoustic  results
support  the  idea  that  the  action  of  different
vowels  and different  voice  qualities  result  in
change of the spectral source parameters. The
main  results  have  shown  that  9  spectral
parameters  (H1*,  H1*H2*,  H1*A3*,  CPP,
Energy,  HNR5,  HNR15,  HNR25,  HNR25)
varied as a function of 5 vowels and 5 voice
qualities. 

The  next  steps  of  research  are  to  gather
physiological  and perceptual  data  to  examine
more  deeply  how  the  voice  qualities  and
vowels influence the spectral parameters. 
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	This paper analysis five different voice qualities produced with a sustained C4 note (262 Hz), as follows: a) breathy voice (Br): modal voice with air escape throughout the vocal folds; b) weak voice (W): modal voice with minimum subglottal pressure (barely audible); c) modal voice (M): regular speech-like phonation; d) creaky voice (Cr): modal voice with the addition of irregular fold vibration; and e) tense voice (T): modal voice with maximum subglottal pressure. For the acoustic analysis we used the software VoiceSauce that automatically extracted thirteen parameters of short-term measures: 1- H1: relative amplitude of the first harmonic; 2- H1H2: difference in amplitude between the first and the second harmonics; 3- H1A3: difference between the first harmonic amplitude and the amplitude of the peak harmonic in the F3 region; 4- CPP: cepstral peak prominence; 5- Energy: measure of voice intensity; 6-9: harmonics-to-noise ratio from 0-500, 0-1500, 0-2500, 0-3500 Hz; 10-11: peak frequency of the first and second formants; 12-13: bandwidth of F1 and F2. The statistical results have shown that the parameters decrease in the following manner: 1) H1: M > Br > T > Cr > W; 2) H1H2: W > Br > (M = Cr) > T; 3) H1A3: (W=Br) > M > Cr > T; 4) B1: T > W > Br > M > W; 5) B2: M > T > Cr > Br > W; 6) CPP: T > M > Br > Cr > W; 7) Energy: T > M > Cr > Br > W. Moreover HNR presented the same decreasing pattern for the four conditions (W > M > T > Br > Cr), and the formants F1 and F2 also presented a similar decreasing pattern (T > M > Br > Cr > W).
	Keywords: voice quality, vowel quality, phonation mode, sustained f0.

