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ABSTRACT with differently sized vowel inventories have been
obtained in order to shed further light on thisstjoe.
According to Lindblom’s TAD, the aim of talkersts
produce sounds sufficiently contrastive to promote
linguistic comprehension by the listener. The theor
has thus been extended to account for within speake
variation. For example, Moon and Lindblom [12]
show that under circumstances that require clear
speech, a speaker's vowel space will be expanded
relative to his or her casual speech vowel space.

Eight languages (Arabic, English, French, German,
ltalian, Mandarin Chinese, Portuguese, Spanish)
with 6 differently sized vowel inventories were
analysed in terms of vowel formants. A tendency
to phonetic reduction for vowels of short acoustic
durations clearly emerges for all languages. The
data did not provide evidence for an effect of
inventory size on the global acoustic space and
only the acoustic stability of quantal vowel /i/ is
greater than that of other vowels in many cases. 12 |nfluence of phonetic vowel duration on
Keywords: vowel formants, adaptive dispersion, formant values

reduction, quantal theory.
a y We refer here to the Hyper- & Hypoarticulation nlode

1. INTRODUCTION [11], for which hypoarticulated forms are produced

The present research focuses on cross-languagew'th unreached targets (‘undershoot’) while hyper-

patterns of variation of vowel spectral quality artlcule_tted phont—imes fE"y ",’}Chl')evﬁ th_lr artlcmiam_
(frequency of the first, second and third formants, aclotjsé"i taLgert (vars oot?), bot ¢ de'nq[. respebfiv
hereafter F1, F2 and F3) as a function of vocalic gua;i (c))t?]e(;isercg; %ggggfae"gegzg f(;:Ir:v:/gh.in Bhali
inventory size and phonetic vowel duration. This (and yepnerall i lanauages with lexical strésﬂ;lsa;:’
investigation makes use of an automated analysisG 9 S y! h Itgl' 9 4 Port here th
of large speech corpora and aims at contributing to erman, Spanish, ltalian and Portuguese) where the

the study of the complex issue of phonetic and \r/gc\i,\lilﬁonozn;?tfgliﬁﬁ)dn tzllla\:altisso%pelcglze ut?c;:inesrgo
phonological universals. P ’

notably for /i:/), the prediction is that lengthosid be
1.1. Theory of Adaptive Dispersion Strongly correlated with vowel Spectral qua“ty (aS

. . : reflected in the frequencies of the first two formsa
The Theory of Adaptive Dispersion (TAD, [9]) makes  \jych more so than in a language such as Chinese

predictions as to the effect of inventory size be t \\here the differences in length across lexical sone
acoustic distribution of elements of vowel systems. (e.g. the brevity of the falling tone, tone 4, apased
TAD claims that the demand for sufficient contrast 5 the rising tone, tone 2) is not r’eported’ 0 havg

between elements in a vowel inventory will lea@uto

“adaptive dispersion” of these elements; in padicu o stress is not phonemically contrastive buthaa

as stated by [4] in her hypothesis, large inveesori  g4ong relationship to vowel length: there is alézry
should tend to expand the acoustic vowel space (.9 for “heavier” syllables to be favoured as stresaing

F1/F2). The results of previous studies have been syllables (i.e. syllables of longer duration - ased

somewhe_lt controversial, some cc_)rrot_)orate this syllable or a syilable with a long vowel). Sinceveb
hypothesis (for example [3] for Arabic dialects and |gnqgih is phonologically contrasted, we expect fewe
French while qthers found less straightforwardlt®su o4 ction phenomena. It is also expected that in
([4], [8]). In this study, data from several langes. French, which has no lexical stress, and is refyuted
“syllable-timed” language, there will be less iefhice

salient effect on vowel spectral quality. As foiabic,
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of vowel length on vowel spectral quality and tlass
phonetic reduction phenomena.

1.3.

Our study focuses on cross-linguistic similarities

the relationship between the measured vowel length
and the frequency of formants, as well as the globa
acoustic space involved for these languages with

Aims and hypotheses

have been pooled as their effect on formant
frequencies was judged negligible for our study'sLe
recall that Italian is usually considered as hagiegen

vowel phonemes: /a/, /ek/,//il, lol, bl, Iul, but the
pairs /e/+4/ and /o/4/ are often confused.

Table 1: Number of vowels according to the language
separated into peripheral and others.

differently sized vowel inventories.
According to the Quantal Theory of Speech (QTS)

[13], there are regions of stability in the phoneti

space corresponding to the “quantal” vowels /i, /a
and /u/. Thus this theory predicts that the “gquanta

vowels should be in approximately the same

locations across all languages, regardless of the

vowel inventory size, and that they should show les

within category variability than non point vowels.

The main objectives of this study are to asseps: (i
whether there is a general tendency of formant
variations with phonetic segment duration in thghei
languages; (ii) to what extent the observed pattern
can be related to the vowel inventory size of these
eight languages; and (iii) whether “quantal” vowels
fal filJul are less prone to variation than otrmvels.

The present study is made possible by the
availability of large audio corpora and powerful
automatic tools used for speech alignment.

2. METHOD

2.1. Corpus selection

language peripheral vowels other vowels  Tot. number
Spanish (Eur) |ijuoae 5

Italian iuoae 5

Arabic (litt) iua U@ 6

Mand. Chinese iyuoae 6
Portuguese (Eur) jy oo ace ow 9

French iyuooace o 10

English (US) iiuooas:e o 11

German ily;ueeooa [1vyvage 15

2.2. Normalisation procedures

As pointed by Disner [6], it is not advisable tceeus
normalisation procedures in order to compare
markedly different phonological systems, especially
with procedures that put emphasis on the mean and
standard deviations (like Nearey's and Lobanov's).

Raw measurements in Hertz seem reasonable to use
for analysis as soon as large groups of speakdrs an
data are available: inter-speaker and more pathgul
male/female differences are expected to averaganout
large corpora.. Nonetheless, Syrdal & Gopal's
normalisation procedure (1986) is used as different
male/female ratios are found in our languagesbtarp

Speech data come from annotated corpora of braadcasFormant frequencies are first converted into Bark

speech in eight languages: Arabic, Mandarin Chjnese
American English, French, German, Italian, European

units, using Traunmiller's formula [15]. Secondtlys
based on information contained within a single \lowe

Portuguese, and Spanish_ A” Corpora gather around (intl‘inSiC) but emp|OyS rEIationS betVVeen Spetytl‘a”

25000 oral vowels each (approx. 2 hours); they
correspond to radio and TV journalistic shows:
articulation, without being emphasized, remaingequi

distinct, so that speech can be understood byaxibro

adjacent (fundamental and) formant frequencie$0F1-
for aperture dimension (in place of F1) and F3ét2 f
the front-back dimension (in place of F2 supposed t
be more reliable than F2). According to Adank ft],

audience. Reduced vowel phenomena are undoubtediyPerforms well at reducing anatomical/physiological

less important in these corpora than in conversatio
style spontaneous speech.

The LIMSI speech transcription system was used for
corpus alignment [2] and formant extraction makes
use of the Burg algorithm implemented in the PRAAT

software. F1, F2 and F3 frequencies were extracted

automatically (following a procedure set out if) [7]

differences. In our opinon, it also allows to takt®
account the third formant variations {FF2 has also
been measured showing similar results) which is
specifically non negligible for high front vowelsand

Iyl in several languages (e.g. French and German).

2.3. Acoustic measurements and durations
catégories

The considered languages vary in terms of numerous- To check whether the acoustic space expandswith

factors. In particular concerning vowel inventaries
some have contrastive vowel rounding, length and/or
nazalization. Tones of Mandarin Chinese’s vowels

increasing vocalic inventory sizem we propose to
measure the vocalic space contour based on peiipher
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vowels. It is illustrated by Figure 1 and is measured as
follows: Euclidean distances between adjacent
peripheral vowels in the acoustic space were megsur

Figure 3: Vocalic space contour of each language for all
duration categories and mean values. Between brastatds
the number of oral vowels in the language.

and summed. This measure depends both on the sh

vocalic space contour

and on the size of the acoustic vowel space asdghug ark%g%
expected to depend on the inventory size. It is als 1400 Z
assumed to be more accurate than a triangle cantour %(2)% T S N4 / — mean
more square shaped acoustic vowel spaces such 800 | L.Q.GF
English or German. 600 ‘ ‘ ‘ ‘ ‘ ‘ ‘ =—short
mid
Figure 1-2: illustration of introduced measures: 1) Vocalic @ @ @ @ @ @ ,»Q @
s ' . = X ST e oY et Y O long
pace contour (left); 2) Quantal vowel dispersiaght).. 0\9 Q‘.}\rz, %9\ & & Qé\ PN S
w a w n o o an w0 M 0 K »
d : o)Qrb ¥ % O‘(\\Q \\}Q\\) Q\Q’ QQ Q}®
5 o & <o
N ‘7\“ F1-F0 @ Q
i § w ) (Bark)
Y7 We can notice however identical tendencies for each

F3 P2tk

312 (Bark)

- A measurement dflegree of dispersiontiistance
from acoustic cente(is illustrated in Figure 2. This
measurement was realized using a technique ajiplied
[5]: the acoustic center of gravity for the vocalic

language : long vowels show a larger vocalic space
contour than vowels of short duration and the mean
value is very close to the intermediate category.

The measurement of vowels’ distance from acoustic
center (vowel dispersion) is illustrated in Figdrand
shows that contrary to expectations, vowel redostio
are observed significantly and with a comparable

diagram is detected as the mean of F1 and F2 valuesdegree in 7 languages (French, Spanish, German,

(respectively F1-f0 and F3-F2 in our case) of the
“gquantal” vowels /a/, /il and /u/. The euclideastaince
from each vowel's acoustic value to the acoustitere

of gravity is finally meaned.

- Durations of vowels are classified into 3 categerie
short (strictly below 60ms,), intermediate (betwéén
and 80ms) and long (strictly above 80ms). These

European Portuguese, Italian and English). This
suggests that reduction is not an exclusively istgu
phenomenon, but admits also explanations of a
physical or physiological nature. Variations halso a
been measured for Arabic although not showing a
tendency to reduction for vowels of short duratien
expected in the introduction.

intervals have been determined so as to obtain the

most regular distribution of all duration intervéds all
languages (cf. Table 2).

Table 2: Proportion of vowels according to the
established duration categories (in %).

dur Arab | Eng| Fr Ger| It| Chn Por Sp

short | 49 27 |50 | 45 | 59 31 50| 44

mid | 33 28 |30 | 33 | 25 35 23| 35

long |18 45 | 20 | 22 | 17| 34 28| 21
3. RESULTS

Figure 3 shows the sum of the Euclidean distamces i
Bark between the peripheral vowels plotted as a
function of inventory size. It can be seen thatalioc
spaces contours do not display any coherent tepdenc
to grow with inventory size.

1 Vowels are considered as peripheral when allowimgaximum
vocalic acoustic space while minimizing the spaceair.

Figure 4: Distance (dispersion) from acoustic center foheac
language for all duration categories (all vowelslpd).
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rigure 5, the reduction
phenomena observed from vowels of long duration
to vowels of short duration are of less magnitude
for the vowel /i/ for (compared to vowels /a/ and

/ul, see Figures 14 and 15 in appendix-document
joined and compared to all vowels meaned, see

As can be seen on

www.icphs2007.de
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Figure 4). This is specifically the case for French
Spanish, Chinese, Italian and German.

Figure 5: Distance (dispersion) from acoustic center foheac
language for all duration categories (for “quantaiivel /i/).
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As can be seen in Figures 5 to 12 in Appendix éoin
document), all the measured vowel formants of the
corpus occupy the vocalic space in an organised
manner: for shorter durations the vocalic triangle
shrinks progressively resulting in “concentric”

surfaces. The vocalic surfaces undergo a centripeta [7]

movement towards some central vowel position. The
formant values for central vowels remain somewhat
stable whatever the duration variations.

4. DISCUSSION AND CONCLUSION

The presented study allows us to put forward arswer
to the questions listed in the introduction: (i) a
tendency to reduction for vowels of short duration
clearly emerges for all languages, with notablg les

magnitude for Arabic. (i) The present measure-
ments have not provided clear evidence eitherrfor a
effect of inventory size on the global acousticcgpa

between peripheral vowels as predicted by TAD.
This negative result could be interpreted such that

languages use additional means for accommodating
elements in crowded vowel spaces. It has been shown

validation of a higher acoustic stability for “quali
vowels /a/, /il and /u/ as postulated by QTS, the
results presented here only suggest a higheristabil
for vowel /il in five languages. /a/ is reputedly a
variable vowel, but the acoustic variability foufod

/u/ might be best understood if we consider it a
central articulatory constriction as stated inipaldr

by Vaissiére [16], the stability of the low second
formant being mainly due to lips rounding.
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