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Abstract

This paper describes laryngealizations in vowelhespeech
of individuals with (TG) and without cleft palat€@G). The
relation of prosodic boundary to frequency and msiEn of
laryngealizations is investigated. Three repettioof the
reading of a text by ten male adults who compogediid CG
are considered for analysis. The results reveaghdri
frequency of laryngealization in the region of aogwdic
boundary than outside this region for CG; consistenp of
intensity in the laryngealized vowel segment in Q@ dG;
higher jitter in CG and TG; superior fO perturbatiornG.
Index Terms: cleft palate, laryngealization, glottalization

1. Introduction

The compensatory articulations realized by the viddials
with cleft palate are possibly functional replacetsethat
sound like distortions of the usual speech gestureshe
majority of times the replaced property is the placf
articulation (generally altered for more posteriovhereas the
manner of articulation is maintained. Such alterai are
recruited in response to structures of the voaadttthat are
compromised due to cleft palate [12]. The compemgat
articulations can coexist with developmental preessand
patterns [4], however, both the non-compensatdigudations
and the compensatory articulations are not necgessar
consequences in the speech of the patient with méddite [3].
The most common type of compensatory articulat®rihie
glottal stop ] [11], which is a transient articulation of
consonantal nature produced by the sequence ottddand
abduction of the vocal folds with an increased sotie)
pressure. The presence of this compensation sgverel
compromises the speech of the individuals witht gefate, a
result, mainly, due to the loss of contrast espigci the
place of articulation, considering the inventorycohstriction
locations that the articulators realize for the smmants in
normal conditions.

In a previous pilot study carried out from an asayof a
reading of a Brazilian subject with cleft palate, high
frequency of laryngealization during the vowels waserved.
This finding, and the absence, in the literatur@ceoning
Brazilian Portuguese (henceforth BP) of an analybist t
would explain the reason and the limits of the cengation
found, motivated the study presented here.

However, the phenomenon of glottalization has been
deeply studied in many languages for non pathoébgipeech
[5,6,7,8,9]. In general terms, these studies showerhe
acoustic changes related to laryngeal modificatiatiep of
fundamental frequency ff intensity and amplitude, and
irregularity of glottal pulses. As regards the linktween these
modifications and prosody, some studies [5,9] regubhigher
occurrence of glottalizations: on utterance-finabres, on
word-initial vowels at the beginning of utterancetth a large

influence of full and intermediate
boundaries.

In this paper, duration-related phrase stress banigglare
first determined from a semi-automatic segmentatbrihe
read material in VV units (Vowel-to-Vowel units)][in order
to investigate the rhythmic structure of the uttees. Then, a
second step investigates the relation of boundaiyity to
frequency and extension of laryngealizations. Ogpothesis
is that the phrase stress boundaries act as atlsatti the

laryngealizations.

intonational abes

2. Method

The cleft palate subjects of this study are padient the
Laboratory of Experimental Phonetics at the Uniigrsf S&o
Paulo Hospital for Rehabilitation of Craniofacial Analies
(USP-HRAC). The cleft data were recorded at thatepkaed
the non-cleft data were recorded at the SpeechoByos
Studies Group Room. The USP-HRAC's Institutional Review
Board approved this study and it has been done diocpto
the principles outlined in the Declaration of Helgi

2.1. Subjects

Ten male speakers, aged from 25 to 53 years, andggood
reading skills participated in this study. Two gosuwere
formed. The test group (TG) was composed by five mith

operated cleft palate, and according to a recealtiation that
is part of a clinical promptuary, they presentesttgl stops in
substitution of plosives and moderate hypernasalitiie

control group (CG) was composed by five non-clefhnigoth

groups did not present hearing loss, history oémésurgery
(last month), cold or hoarseness in the day of¢lkerding.

2.2. Speech Stimuli

The corpus was composed by the reading of the (téxt
histdria do urso preto” Fhe story of the black be#t0]) in
BP, with nine sentences containing oral sounds drilis text
is used in routine visits of the patients to HRACRJSvhich
produces very natural readings.

Text: A HISTORIA DO URSO PRETO
Esta é a historia do urso preto que veio da flaestoje
ele vive atras das grades do zoolégico da cidadsloT
domingo ele aparece logo cedo para ver os outrobds.
Gosta de olhar os passaros e de ouvir o barulho
araras. Outro dia, resolveu sair da jaula. Logo \que
era dificil. Ficou triste, pois descobriu que estgwreso.
Decidiu que deveria esperar o dia de sua verdaddira

las

liberdade

In order to introduce a perturbation during thejscts’
reading, the word “dia” day) was replaced by the word
“domingo” (Sunday, containing a nasal and a nasalized



vowel. Each subject repeated the
producing 30 readings for analysis.

reading three stime

2.3. Data Recording

The recordings were made in an sound-treated robtheo
Laboratory of Experimental Phonetics at HRAC-USP TG
and in the room of the Speech Prosody Studies G(G@®),
using the microphon&hure Beta 58Aand the audio plate
Sound Blaster Audigy Audio 90@Budigy2 Creative. The
recording was made in mono-channel, with 22,050 dfiz
sampling rate and amplitude resolution of 16 bits.

2.4. Data Analysis

The software Praat [2] version 5.0.25, was useodbtain the
acoustic measures of interest. The data were segthemd
organized into four tiers: “VowelOnset” (for VV imtvals, that
is, intervals between consecutive vowel onsets), ™Cigr
segmenting vowels and consonants), “CVglottals”
annotating the laryngealization phenomena: thentgeglized
stretch was marked: ‘I if laryngealization, ‘g’ gflottal stop),
and “Syntat.” (for marking the syntactic link bewve
phonological words). The latter tier will not besdiissed here.

Acoustic criteria were used to identify laryngeation.
Initially, auditory evaluation was made by the ffiguthor.
Then, both the wave forms and spectrograms wengalys
analyzed (see fig. 1, 2 and 3) for all excerpts.

The measures of duration of laryngealizatignarid jitter
were extracted automatically by two scripts, aslarpd in
the next section. For the analyses shown here,types of
boundary region were defined, according to its rmsitm
around the VV unit in preboundary position. The roar
boundary region (nBReg) is formed by three VV unitsg
unit just before the preboundary VV, the preboupddl
itself, and one VV unit to its right. The broad badary region
(bBReg) follows the same procedure, but includes Y\
units before the preboundary one, and two aftéBath types
are referred here as boundary region (BReg). Thetiposi
outside these regions in each case are labeledusid®
boundary regions (OBReg). The reason for that isusscthe
automatic algorithm can assign a boundary to a-gtosssed
VV and the laryngealization can be located in tnessed VV
leftwards, phenomenon still related to the bound&ince
words in Portuguese can have two post-stresseabtsdl, and
post-boundary initial syllables are also affecteg the
boundary to their left, the chosen boundary regian safely
capture the phenomena related to boundary neighbdrh

(for

2.4.1. Scripts

Two scripts were used to automatically generateattmistic
measures: “NewGlottalizationAnalysis” to compute e th
acoustic modifications on the laryngealized segmeand
“SGdetector”, to detect prosodic boundaries.

The output of the first script is a text file comiag for
each vowel: 1) the duration of vowel in millisecan@ns); II)
the percentage of duration of creaky voice over tibial
duration of the vowel; Ill) the percentage @fdrop (from
modal to laryngealized part); 1V) the percentagalifference
in jitter (from modal to laryngealized part); V)ehdrop of
intensity (from modal to laryngealized part), ircitels (dB).
Besides, the file also indicates the vowel identtyd the type

and the position of the laryngealization as regéndssowel, if
applicable (on right, left or both). This scriptsal allows
corrections in the automatically detected glottakps.

The output of the second script is a text file eamng for
each VV unit: 1) the duration of the VV unit (m$l} a symbol
to indicated if the VV unit is in preboundary pamit (1) or
not (0); Ill) the duration of the stress group, nfrothe
extension between two consecutive VV units at pi@so
boundary; 1V) the number of VV units within theess group;
V) normalized values for VV unit duration (z-scoreft is
from the automatic detection of the VV duration coig
maxima that the script assigns a prosodic boundarya
particular VV unit. The procedure is explained 1. [For this
work is enough to say that a particular VV uniassigned as a
boundary, that is the right edge of the stressending with
this unit, if its normalized duration is a local xmaum of the
normalized duration consecutive values.

3. Results

A great variety of glottal realizations were obsstyfor both
groups. Figures 1, 2 and 3 show some examples of
laryngealizations found in this study.

In Fig.1, laryngealization occurs in both groupsft(ICG
and right, TG) at the end of the last vowe]l (pointers) of the
word “araras” fnacaws. It appears with low amplitude and
irregular glottal pulses in both cases.

Fig.2 also illustrates the laryngealization in thildle of
the word “floresta” fores). Left pointer (CG) indicates the
laryngealization during the vowet][and right pointer (TG)
indicates the laryngealization at the beginningthe vowel
[€]. In this case, the phenomenon appears with |dver CG
than in TG and with irregular glottal pulses.

In Fig.3, three different laryngealizations happfen a
subject of the TG in three different moments betwéso
words: I) at the end of the word-final vowel [e]) &t the
beginning of the word-initial vowel [a]; and IlI} ¢he end of
the word-initial vowel [a]. These configurationsepented low
fO (see how the vertical pulses become more apasgion 1),
intensity and amplitude, and irregular glottal jgsls

Kruskal-Wallis test comparisons among the
individuals for the parameters percentage of fOpdfsom
Hz), percentage of jitter difference, and droprdénsity (dB)
of the laryngealized stretches in BReg and OBReg leddat
least p<1G) that only the percentage of fO drop parameter was
not significant between the participants. In albjeats no
statistical difference between these parametergesakhen the
levels BReg (in boundary region) and OBReg (outside
boundary regions) were compared. The same compariso
were made among the TG participants, which showed
statistical differences between them for all panmnse
However, there were no differences considering Hamn
regions.

Considering all CG subjects the average values for
frequency of laryngealizations in VV units reveabgdtistical
differences between them and also between BReg and @BRe
For TG the statistical analysis showed that onlyBRbject
was different for frequency of laryngealization abetween
OBReg vs BReg.
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Figure 4: Comparisions among CG individuals for agrobability and conditional probabilities.

30

25

20

15

p{Lar)

pnLar/BReg2VV

pnLarBReg1VV

piLar*OBRegiOBReg2VV p(Lar*OBReglOBReg1VV

=DJCF
aLM
= PKB
m5SL
mSST

Figure 5: Comparisions among TG individuals for imgiprobability and conditional probabilities



Fig.4 illustrates the a priori probability, p(Larpnd
conditional probabilities p(Lar/BReg) and p(Lar/OBRefmy,
CG. It shows that a significantly lower probabilibf the
phenomenon outside the boundary region and thah#jerity
of laryngealization takes place within boundary ioaeg
(exception EME with more than 15% outside boundary
region).

Fig.5 illustrates the a priori probability, p(Larpnd
conditional probabilities p(Lar/BReg) and p(Lar/OBRefpr
TG.

The frequency of laryngealization is higher in T®%),
against (13%) in the CG.

4. Discussion

As regards the acoustic parameters, there is @f hdriability
in degree and nature of the modifications. All sgbg in both
groups have more reduced values of intensity aglehijitter
in the laryngealized part of the vowel, though greportion
varies for the two parameters. As regards itf slightly
increases in average in the analyzed window (frota 4%)
for two out of five subjects (participants DJCF dod) in
TG, whereas drops for the other eight subjectsn fié6 to 0.

According to the literature consulted, in non padigeal
speech, § and amplitude are parameters that drop in
laryngealized stretches, whereas in this stughanfd glottal
pulses observed in boundary regions showed soewguiarity
intra and inter-subjects. Intensity was the mostseient
parameter (always drop) in the analysis intra antkri
subjects, in agreement with literature.

Considering both groups analyzed, the results ahege
indicate a relatively similar frequency of the pberenon of
laryngealization, ranging from 2 to about 25% otz VV
units, regardless of region type. Nonetheless fgtization
is largely more frequent in the boundary regiomtloaitside
this region in the CG, indicating that strong prasod
boundaries may favor laryngealization, due to mexgeme
and more variable tension in the vocal folds arouhd
boundary. This study agrees with non pathologiqmesh
literature that reported high occurrence of gl@ttions on
utterance-final words and word-initial vowels a¢ theginning
of utterances [5,9], and can support our hypothbsisphrase
stress boundaries attract laryngealizations.

On the other hand, according to the results, theld&n't
make difference between BReg and OBReg, which meahs tha
cleft speakers present laryngealizations independenthe
boundaries. This can be explained by the complefiglottal
system related to the compensatory misarticulawasent on
cleft palate speech.

Despite this general pattern, there is inter-subjec
variability: subject EME was an exception in CG, ihgvin
average, more than 15% of laryngealization outside
boundary region. In TG, subject PKB has a different
behavior, having a high frequency of laryngealimasi outside
boundary regions. A possible explanation for PKiedince
can be the speech therapy for eliminating compensat
articulations that he did ten years ago. Othardiss in non
pathological speech also suggest an interspeakéabilay
[7,8,9] for glottal measures, although Hanson andadl [8]
indicate that male speakers present less varigiian female
speakers when the same glottal characteristicstin genders
are compared.

5. Conclusions

This study suggests that phrase stress boundadesasa
attractors to the laryngealizations in non clekegh. It also
suggests that the high inter-subject variabilitysofme of the
analyzed acoustic parameters affected by laryrggadn in

boundary regions and outside this region in cleftesh can be
explained by the complex glottal system, which nexe
tension and overload, related to the articulatoisorders

present on cleft palate speech.
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