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Summary: This study was designed to develop a database for the electroglotto-
graphic measurement of fundamental frequency (Fo) in normal subjects in
running speech, for reference in the diagnosis and follow-up of dysphonic
patients. A prospective pilot study included 20 healthy male volunteers without
laryngeal disorder. Electroglottographic recordings of speaking Fo during con-
nected speech (French) were obtained from two texts with different prosodic
content. Fo histograms were sensitive to the variation of speaking Fo between
both texts. Graphic representation of the range and distribution of the Fo of
the speaker were designed as normalized Fo histograms with plot lines at 5th
and 95th percentiles. Less than 5% variability of Fo histograms was recorded
when recording more than 15 subjects. This pilot study designed a graphic
display of standardized electroglottographic Fo measurements during the phys-
iological condition of connected speech. As the degree of Fo variability de-
pends on the phonetic contents of the text and on the language spoken, a
separate histogram for normal subjects needs to be developed in each country
or at least for each voice laboratory, with a standard, previously chosen text.

Key Words: Fundamental frequency—Electroglottography—Standardiza-
tion—Diagnosis—Speech.

INTRODUCTION sub_glottlc pressure, and voicing 'm_ode. Fo varies
o _ during connected speech in that it is also affected
The fundamental frequency (Fo), whichiis defined py the phonetic and the prosodic contents of speech.
as the number of vocal fold contacts durlng 1 E|ectrog|ottography (EGG) isan interesting mod-
second, reflects several laryngeal and extralaryngeabjity for measuring Fd:2 EGG is a noninvasive
characteristics of a speaker, such as laryngeal sizémethod, which is based on Ohm'’s law that measures
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the variation in electrical resistance between two Instrumentation
electrodes placed on each side of the thyroid The EGG Laryngograph (Laryngograph Ltd,
cartilage®* The electroglottographic wave reflects London, U.K.) measured the EGG signals that were
variations of the vocal fold contact aréd® EGG displayed and analyzed by a computer data-proces-
provides a physiological measure of Fo at the level sor SESANE (SQLab, Aix-en-Provence, France).
of the laryngeal sourc¥:*>The EGG signalismuch  The EGG device recorded the electric impedance
easier to process in comparison with the acoustic across the neck between two electrodes placed on
signal** either side of the thyroid cartilage and held in contact
An advantage of EGG is that it can measure Fo with the skin by an elastic collar. The output of
during connected speech because no measuremerthe EGG device was processed by an electronic
sensors are introduced into the mouth. Whereas suspreamplifier (DIANA; SQLab, Aix-en-Provence,
tained vowels are often the basis for objective evalu- France) and then by a 16-bit analog-to-digital (A/D)
ation, Fourcin pointed out the interest of assessingconverter that was included in a 366-MHz Pentium
connected “real-life” speech. Fourcir? first de- personal computer (Gateway 2000; Gateway, Irvine,
scribed histograms of Fo during connected speechCA). TheSESANE (SQLab, Aix-en-Provence, France)
as a representation of the range and distribution of software was simultaneously applied for acoustic
the vocal fold frequencies. signal acquisition and analysis. An AKG (Vienna,
The issue remains that no standard Fo histogramsAustria) model C410 condensor microphone mounted
are usable as a normalized database. The absencen a headset was connected to the personal computer
of such normative values limits its practical appli- via the A/D converter DIANA for acoustic re-
cation!* As long as normal values have not been cordings. Both electroglottographic and acoustic
validated, the clinical application of EGG will be measures were displayed by SESANE software.
limited.
The aim of this study was to determine the speech Procedure
pattern of normal electroglottographic values for Fo  The following procedure was implemented for
histograms in French. each recording. The microphone was placed on the
side of the mouth at 8 cm from the labial commis-
sure. The sound intensity was calibrated with a buzzer
placed 22 cm in front of the microphone before
SUBJECTS AND METHODS each recording. The subjects were seated upright.
Subjects Electrodes of the Laryngograph were placed approx-
Twenty healthy male volunteers were prospec- imately 1.5 cm laterally to the anterior angle of the
tively studied. All subjects gave informed consentto thyroid cartilage with no conducting gel between
participate in this study and underwent medical the electrode and the skin. The subject was
history and laryngeal examination. Inclusion criteria instructed to speak normally at a comfortable pitch
were male subjects, native French speakers, agednd intensity level. The connected speech task con-
between 25 and 45 years, with no history of laryngeal sisted in the reading of two texts at a comfortable
or neurologic disease, no complaint of voice or pitch and intensity. Text 1 was a story, and text 2
speech deterioration, and a laryngeal examinationincluded 20 sentences (see tAppendi¥) from a
with normal findings. Ages ranged from 26 to 39 database statistically representative of the distribu-
years (mean, 32.5 years). To generalize the measuretion of phonemes in the French language (CNET,
ment for routine practical application, we included technical note 1980, NT/LAA/TSS/26). One
patients having had past light tobacco intake or very single trial of each text was obtained. The reading
mild current consumption. Thirteen subjects were of each text lasted more than 1 minute.
nonsmokers, and 7 had tobacco intake of less than
one pack of cigarettes per day. None were profes-Data analysis
sional singers. All subjects were evaluated and The simultaneously recorded EGG and acoustic
recorded by the same author (R.E.K). signals were directly digitized. EGG signals were
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only applied for Fo quantification. The EGG signal A
was filtered with a fourth-order Bessel filter to delete -
nonphonated intervals for analysis. The experi- °
menter checked on the screen that the Fo display’
was synchronous with segments of voicing. A peak- ®
to-peak detection algorithm was applied for Fo mea- s
sure. The upper portion of the EGG wave was
considered and configured as the maximal glottal s
closure, and the lower portion of the EGG wave was -
considered and configured as the maximal glottal
opening. Results were expressed for mean Fo, stan-; — — o
dard deviation, variance, and range for each task Fo histogram (Hertz) for text 1

performed. The graphic representation of the range g

and distribution of the Fo of the speaker by Fo ¢
histograms was normalized as plot lines of percen-®
tiles. We also studied the variation between Fo results’
of text 1 and text 2 to choose the most suitable one ’
for more application of the standardization.

Difference of mean Fo histogram area AA
according to the number of subjects |
. . . . 0 100 150

One aim of this pilot study was to approximate Fo histogram (Hertz) for text 2
the required number of subjects to establish the nor- _ .

lization per age arounp. Therefore. the variabilit FIGURE 1. Fo histograms for text 14) and text 2 B) display
maliz ; P geg p.' N Y the percentage (Y axis) of each Fo value (X axis) over the total
of Fo histograms was studied according to the cumu- gyration of the voiced text.
lative number of subjects recorded. Each mean dis-

tribution histogram was displayed after inclusion of and plots defined the normality of the mean distribu-

one subject after another by randpm order. A new tion of Fo histograms for this group of normal sub-
histogram was calculated as the difference between.

. . . ) jects. Statistical significance was set at the level
the mean Fo histogram including n subjects and of 0.05
the mean Fo histogram for n-1 subjects. The area
difference between successive histograffs, was

plotted as a function of the number of subjects
included. Fo histograms

Figure lillustrates the mean of the Fo distribu-
tions across subjects for each text. Graphic represen-
Statistical analysis tations with mean and plot lines at 5th and 95th
Statistical analysis was performed with the percentiles for each text are givenFigure 2 The
SatView software (SAS Institute Inc., Cary, NC). histograms presented iRigures 1 and XShowed
Descriptive statistics included mean, standard apparent skewing to the right. Descriptive statistics con-
deviation, variance, coefficient of variation, mini- cerning Fo for each text are summarizedTable 1
mum, maximum, and range. Repeated analysis of The measurements of dispersion (standard deviation,
variance (ANOVA) compared the means and distri- variance, range, coefficient of variation, coefficient
bution of Fo between (1) both texts and (2) between of asymmetry) were higher in text 1 than those in
smokers and nonsmokers. Plot lines at 5th and 95thtext 2, but the differences were not statistically sig-
percentiles became the graphic representation of Fonificant. There was neither a significant difference
histograms. A graphic method based on histogramsbetween smokers and nonsmokers nor a significant
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FIGURE 2. Graphic representations of Fo histogram with mean (dotted line) and plot lines at 5th (inferior curve) and 95th (superior
curve) percentiles for both texts.

effect of the day of recording on the mean value intheory, not affected by the random noise prevalent

of Fo. in dysphonic voices, as compared with Fo extraction
with acoustic algorithm&®-2° The Fo distribution

Difference of mean Fo histogram area AA calculated from running speech would seem to better

according to the number of subjects reflect the habitual voice use of the speaker, as com-

Figure 3illustrates the drop iMA when sub- pared with pitch determination from a sustained
jects were added. Such a drop means that the morevowel, which is in most cases for non-voice profes-
subjects are included, the less the mean distributionsionals an “unnatural” vocal gesture. The phonation
of Fo histogram varies. After inclusion of 15 sub- of asustained vowel explores different aspects of the
jects, no more than 5% variability was recorded phonatory function such as the long-term stability of
when adding a new subject in this definite age group. Fo for the evaluation of voice quality. We agree with

Fourcin® who emphasized the virtue of connected
speech as it pertains to the physiological aspect of
DISCUSSION voice and speech assessment as a whole. We think

The need for standardization of procedures of that the connected speech is appropriate for clinical
voice measurement has been emphasized for botland physiological evaluation of voice.
clinical and research applicatioffs!’ The main in- Fundamental frequency histograms is perhaps the
terest of this pilot study was to design a standardized simplest way to analyze speaking Fo because it is
graphic representation of speaking Fo during con- nothing more than a bar graph of the occurrences of
nected speech with EGG. Fo in the samplé.Although this form of analysis

EGG is a method recording Fo directly at the was thought to be one of the most useful information
level of the laryngeal sourcé.Therefore, the Fo  in voice evaluatiorf:~?*the method is not currently
measurement is not affected by the supraglottic res-in general application, probably because of the ab-
onances occurring in the vocal tract. EGG deter- sence of rigorous standardization of fundamental
mines Fo based on laryngeal physiology and is thus, frequency histograms.
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TABLE 1. Descriptive Statistics for Each Text

ROMAIN E. KANIA ET AL

Areadifference AA in (%) after one-subject increment

Text 1 Text 2 S0

Fo in Hertz (meant SD) 130.5+ 21.3 128.6+ 17.9

Variance 452.1 319.4

Minimum (mean= SD) 104.3+ 12.1 100.3+ 16 =R
Maximum (meanz SD) 177.5+ 20.3 163.9+ 25.4

Range 73.2 63.6

Median 124.9 128.1

Asymmetry 0.69 0.32 -

Area Difference AA (%)
20

This lack of scientific data was the initial impetus
for the current work based on a standardized proce-
dure to obtain Fo histograms in a subgroup of
male patients studied as a pilot study. o

Our study demonstrated that Fo histograms were 5 10 15
sensitive to the variation of Fo during connected Number of subjects
speech. Higher measures of dispersion in text 1FIGURE 3. Difference of mean Fo histogram arAa in per-

might be from the normal variations in Fo during cent (Y axis) according the number of subjects included (X axis).
speaking, which were higher in text 1 than in text

2. Because text 1 is a popular story, its reading may
be much more prone to prosodic variatiGRs he routine clinical purposes. The practical application
prosodic content of text 2 is globally neutral of Fo histograms is evident because the variability
because no meaning results from the connection of(range and distribution) of speaking Fo in physiolog-
the sentences. There is a lack of consensus regardingcal conditions of connected speech is graphically
which text is better suited for routine practical pur- displayed. For practical application, no statistical
poses. We propose to choose one, which is the mostest is required. Any new recorded Fo histogram
representative of the phonemes of the language ap-with the same text can be easily and directly
plied (text 2). In standardization, the same text, with compared with the graphic representation of plots
the same punctuation, must be employed to apply thelines of percentiles of normal subjects. A lot of
standardized plots as references. One limit of this commercially available software provides graphic
study was that all results were obtained from a display of results. Some developments may include
series of French-speaking subjects. Different lan- standardization to compare Fo histograms recorded
guages may also demonstrate different Fo distribu- with that of normal subjects of the same sex and age.
tions. More studies are required to determine More studies are necessary to determine if a standard
standardized plots for other languages. Fo distribution exists specific to each voice pathol-
The basic purpose of any standardization is to ogy that would aid in the diagnosis and follow-up
provide normative data about the mean and the vari- of these disorders.
ability of the measurements between persons. The In this pilot study, we wanted to determine the
issue of the Gaussian character of our Fo histogramnumber of subjects required for each age group to
is not the purpose of this study. In this pilot study, achieve a representative standardized curve, which
we were interested in elaborating the normalization may be assessed BA. In our opinion, the number
of Fo histograms, ie, standardization with data from of subjects in our pilot study was sufficient for this
subjects considered as normal, for more applicationage group because the inclusion of an additional
of EGG. We assessed normality for representative, subject beyond the 15th resulted in a variation not
reliable, valid, interpretable, generalizeable, and exceeding 5%. We can assume that this may be
usable standards. Our concern as investigators waglose to the number of subjects required for other
to design a standardization that would be suited for age groups.
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APPENDIX

Text 1

Monsieur Seguin n'avait jamais eu de bonheur
avec ses chaes. Il les perdait toutes de la"me
fagon : un beau matin, elles cassaient leur corde,
s’en allaient dans la montagne ethaut le loup les
mangeait. Ni les caresses de leurtm&ini la peur
du loup, rien ne les retenait. Gat, paréi-il, des
chevres ind@endantes, voulanttaut prix le grand
air et la liberte

Le brave Monsieur Seguin, qui ne comprenait rien
au caractee de ses Hes, ‘@ait consterhell disait :
c’est fini ; les cheres s’ennuient chez moi, je n'en
garderai pas une.

Cependant, il ne s€ deuragea pas, et, agravoir
perdu six cheres de la mme maniee, il en acheta
une septime ; seulement, cette fois, il eut soin de
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la prendre toute jeune, pour qu’elle s’habitoaeux Le camp d’¢é s’est passeau bord du fleuve.
arester chez lui. Un train entre dg en gare.
Ah ! gu’elle dait jolie, la petite chere de Mon- Souvent je m’accoude au muret de ce pont.

sieur Seguin!qu’ellétaitjolie avec ses yeux doux, sa A l'ouest, mes pommiers donnent peu.
barbiche de sous-officier, ses sabots noirs et luisants, Je m&age une surprise mon ami.
ses cornes eées et ses longs poils blancs qui lui Les boulangers famnent des pains.

faisaient une houppelande ! \Vos livres devront &e couverts.
Mangeras-tu de cette tarte aux prunes?
Text 2 Le chapeau de Monique est sur la table.
Leur chienne a hurléoute la nuit. Il s’est glisseloin des spectateurs.
Pour se protger, il s’est coucheres de ma porte. Il s'empresse de ‘edamer ce qu'on lui a
Sa voisine est inimitable. promis.
Le renard se Te vers son ge. Vous tremblez parce que vous avez froid.
Le bouillon fume dans les assiettes. C’est le soir gu'il travaille le mieux.
Le caractee de cette femme est moins calme. Un serpent noir fuit sous une pierre.
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