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ABSTRACT

This paper presents the methodology and the results
of a duration study performed for French and moti-
vated by the construction of a French text-to-speech
system [7]. Steps necessary for the construction of
a statistically based duration system are described,
with special attention on specific aspects of French,
such as liaison and schwa deletion. The scientific con-
tribution of this research is to add acoustic evidence
to the knowledge of the complex effects of contextual
duration phenomena on phonemic duration in French,
extending perceptually determined knowledge.

1. BACKGROUND

Numerous studies on French phonetics and phonol-
ogy by phoneticians such as Tranel [6] and others
have shown that stress plays a significant role in
the lengthening of vowels. Differences in lengthen-
ing between /a:/ and /a/ carry phonemic contrast;
for example, the words /pat/ “patte” (animal leg)
and /pa:t/ “pate” (pasta), quasi-homophones in to-
day’s French, can be semantically disambiguated by
a difference in length of the phoneme /a/. General
lengthening rules have been discussed by Tranel [6]
and Malmberg [3], who agree on the following:

o a stressed vowel in a syllable closed by the con-

sonants [r,z,3,v,vr] is lengthened.
e under stress, the vowels [a,0,4] and the nasal

vowels are lengthened when they are in a closed
syllable.

For example, the words “peindre” (to paint),
“chante” (to sing), “ronde” (circle, ring), and “male”
(male) are respectively pronounced /p&:dr/, /f&:t/,
/r3:d/, and /ma:l/ with lengthened vowels. Malm-
berg [3] discusses the lengthening of vowels in pre-
stressed position, showing how the /o/ in /oze/
“oser” (to dare) is slightly longer than the one in
/ose/ “hausser” (to raise); similarly, the /a/ in /ate/
“hater” (to hurry) is longer than the one in /frape/
“frapper”.

Using acoustic measurements, French duration has
been studied by Bartkova and Sorin [1] and
O’Shaughnessy [5]. Bartkova and Sorin develop a
set of rules for predicting phonemic duration. Their
study uses recordings of four speakers reading an ex-
haustive corpus of logatomes, on which the durations
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are computed. A lengthening and shortening measure
represents changes in contextual duration. Correct-
ness of the rules is after then evaluated through a test
corpus. O’Shaughnessy [5] developed a methodology
for studying French duration phenomena, although
the experiments remain on a very small scale. His
model is based on an in-depth study of phenomena
of French duration in a small corpus of six sentences
that may not be fully representative of the language.

2. METHODOLOGY

To build a working system, a careful set of factors
that play a role in duration must be determined.
Once the factors were selected, a corpus of text cov-
ering all the possible feature vectors (factorial space)
were constructed by having a greedy algorithm select
text from a large text corpus, attempting to maxi-
mize coverage of the factorial space. Once the text
was selected, recordings were made and speech was
segmented, which then was given as input to the sta-
tistical analysis system. Statistical data analysis [8]
resulted in estimates of the parameters needed for the
duration module.

A factor is defined as a set of exhaustive cate-
gories such as stressed, unstressed, vowel identity, etc. .
Thirteen factors were defined for French, including
phoneme identity, syllable structure, and positional
information (phoneme in syllable, syllable in word,
and word in sentence). To illustrate, one factor rep-
resents the two positions preceding a target phoneme;
for this factor, there are four sub-levels of subcatego-
rization:

voiced consonants,
voiceless consonants,
sentence boundary,
anything else.

Included in the thirteen primary factors are four fac-
tors representing problematic issues for French:

o liaison: the difficulty with this phenomena is
that liaison can be forbidden, or optional. For
example, “les autres” (the others) must be pro-
nounced /le zotr(s)/ and not /le otr(s)/, with
the addition of an intervocalic consonant /z/.
Therefore, when it does appear, one needs to
know whether the new consonant, such as /z/.
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has a duration different from other /z/’s or not.
The same is true for the preceding phoneme,
such as /e/ in the above example.

o schwa: unlike other vowels in French that are
not reduced and always preserves their full qual-
ity, the schwa (o) is a vowel with reduction,
and therefore, with variable duration. It can
be pronounced as a regular /¢/, a short /¢/
with different lengths, but can also be reduced
to nothing. For instance, “gouvernement” (gov-
ernment) is pronounced /guvernom@/. The o/
can be short, very short or absent, /guvernm@/.

e siress: grammatical or lexical stress, as opposed
to emphatic stress, refers to the distribution of
syllable prominence in words and phrases, as de-
termined by the grammar. French is considered
to be more a syllable than stress oriented lan-
guage. Lexical stress is put on the last syllable
of each word, but if the last vowel is a schwa, it
does not get stressed and the stress is therefore
moved on the preceding syllable.

e function words: another factor, which has been
noticed throughout duration studies [1], [2], con-
cerns function words. Function words generally
tend to be shorter than content words, so lin-
guistic analysis is useful in order to get word
part-of-speech.

3. DURATION MODEL

. A greedy algorithm was run on 15,000 phonetically
transcribed sentences in order to obtain the smallest
amount of data containing all the combinations met
in the corpus. The program selected 208 sentences
with 1873 distinct subvectors values. The corpus was
then recorded and manually segmented [4], phoneme
by phoneme. The 5959 phonemes extracted from the
database were split into smaller categories, accord-
ing to their context. For example, vowels were sep-
arated from consonants; each phoneme went into a
different category depending on whether it was in a
stressed or unstressed syllable, in a word-final or non
word-final position. Additional refinement was done
at the vocalic level in order to discriminate oral and
nasal vowels. To insure consistency of the recording
throughout, speaking rate was computed. For the
147 sentences, the average rate of speech during the
recording session was 4.9 syllables per second and the
maximum variation of the speaking rate was 27% for
syllables per second. Results of the statistical model
were provided in terms of raw means or corrected
means. In the raw means, average durations of the
phonemes were directly computed; in the corrected
ones, durations were estimated in taking into account
the different factors. In short, corrected means ac-
count for the fact that the corpus is not balanced;
therefore, results were similar to the ones that would
have been obtained if a balanced corpus was used.
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3.1 Lengthening Observations

In the following sections, the length of stressed and
unstressed vowels was observed at the syllable level,
whether closed or open, at the level of the immedi-
ately following phoneme, and at the more restrained
level of the following consonant.

3.1.1Stressed vowels in open and closed sylla-
bles As explained in section , French vowels, when
stressed, are longer in syllables closed by voiced frica-
tives, such as /z,3,v/ or by the approximant /r/. Part
of this phenomenon is represented in Figure 1, where
open and closed syllables are shown with respect to
all vowels in stressed position. It is interesting to no-
tice the large time discrepancy for the vowels /¢/, /=
5/, and /@/; they are 40 ms to 80 ms longer in closed
syllables than in open ones. Moreover, the difference
is less noticeable for /¢/, /a/, and Jo/, that are, on
average, 30 ms longer. For vowels /y/, /i/, and

/&/, the difference is even smaller.

gog - in closed syllables
\_/é?
= 4
2
g8 o
5 3
<
g §
5
s 8
o in open syﬂhbles
0
Q J
O F T T T T T T T L T T T 1
1 AoOau@EU>ieyé&
phoneme
Figure 1: Stressed vowels in open and

closed syllables; means are corrected for the
position factors, the type of syllable and the
stress. I = /8/, A = /a/,0= /of,0 = [3/,
a= /&/,11 = /¢/7@ = /09/,E= /S/a U= /11/,
:/3/’i: /i/ve:/e/ay:/)’/7&: /9/'

3.1.2 Consonants following vowels One of the
consequences of the vowel lengthening rules stated in
section is the lengthening of consonants. When they
follow stressed vowels, consonants lengthen. Figure 2
presents all consonants split in categories, following
stressed vowels on the one hand, and unstressed vow-
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els on the other. Glides are the phonemic category
which present the most important lengthening: they
reach an average of 150 ms after a stressed vowel,
and 85 ms after a unstressed vowel, a difference of
65 ms. The next category that exhibited lengthen-
ing after stressed vowel was voiced fricatives, that
were, in stressed context, 35 ms longer than in un-
stressed context. It is interesting to observe that the
remaining consonant set kept a consistant duration in
either stressed or unstressed context, the difference
averaging around 27 ms. If the consonantic groups
(excluding glides) are ordered by length, the follow-
ing groups would appear as follows, starting with the
longest: a) voiced fricatives, b) voiceless fricatives, c)
voiced stops, d) voiceless stops, and e) nasal conso-
nants. This provides acoustic evidence with accurate
measurements to support the perceptually based hy-
potheses of earlier research, mainly the lengthening
rule stated in section .

=
-
-

- g

E —

~ stressed

g o

g2 & -

g

=

T 8

=] 4

g = |

g unstressed

[=}

S 8 | ’/\/\/\’
=
B

T T T T T T 1

yi v b I m f p
w z d r n s t

ui ge g gn ch k
category of the next phoneme

Figure 2: Consonants following stressed and
unstressed vowels; means are corrected for the

position factors, the type of syllable and the-

stress. (yi, w, ui) = glides, (v, z, ge) = voiced
fricatives, (b, d, g) = voiced stops, (1, r) = lig-
uids, (m, n, gn) = nasal consonants, (f, s, ch) =
voiceless fricatives, (p, t, k) = voiceless stops.

3.2 Vowel position inside the word

The next two figures present the position of the syl-
lable in the word (on the horizontal axis), in relation
to the position of the phoneme in the syllable (on the
vertical axis). Figure 3 shows that the last phonemes
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of a word are longer than the first ones; more pre-
cisely, the last two syllables are longer than the oth-
ers, and the last two phonemes of a syllable are longer
than the preceding ones, especially in the last two syl-
lables. Figure 3 shows that the first vowel in the first
syllable is longer than vowels in other positions.

Figure 4 shows that a vowel is always shorter when
last in the syllable. This verifies the fact that vowels
in closed syllables (so they are not the last phoneme of
the syllable) are longer than in open syllables. Most
vowels are either in the last or the penultimate posi-
tion of the syllable. When analyzing the two curves,
we see that the corrected duration increases when the
syllable becomes closer to the end. Thus, the longest
phoneme is the penultimate phoneme of the last syl-
lable of the word.

To summarize the two graphs, syllables tend to be
longer when they are respectively in word final posi-
tion, word penultimate position, and word first posi-
tion.

120
]

110
L

100
]

penultimate phoneme

90
1

last phoneme

80
L

70
1

7 ¥ 1

before penultimate last

Figure 3: Vowel position toward the end
of the word; means are corrected for the next
phoneme and for the position of the phoneme in
the word from the beginning.

3.3 Liaison and consonant length

Duration of the consonant created for the liaison was
analyzed. We consider unstressed intervocalic conso-
nants, since 78 of the 125 liaison consonants appear
in this position. Corrected means were computed for
the liaison factor and we find a corrected mean of 61
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first phoneme
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corrected duration (ms)
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|
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first after

position of the syllable inside the word

Figure 4: Vowels position from the begin-
ning of the word; means are corrected for the
~ next phoneme and for the position from the be-
ginning.

ms for liaison consonants compared to 89 ms for other
consonants. This shortening phenomena is probably
due to the fact that the liaison consonant behaves
like word-internal consonant. In fact, the same phe-
nomenon was found for the phoneme preceding the
liaison. A total of 104 phonemes preceding a liaison
can be found as vowels in an open syllable; corrected
means are 87 ms before a liaison compared to 103 ms
in the other cases. This demonstrates the important
role that the liaison plays for duration, by shortening
.phonemes in its environment.

3.4 Function words .

A total of 590 out of 1411 phonetically transcribed
words were classified as function words. Among vow-
els in word-final position and in open syllables, 486
out of the 1001 cases are phonemes from function
words, and their corrected average duration is 92 ms
compared to 107 ms for the others. Phonemes in
function words may be shorter since function words
are not emphasized. For intervocalic consonants, the
difference is in the same range: 75 ms for function
words and 84 ms for non-function words. The im-
pact of function words on duration is noticeable, but
small, when compared to lexical stress: for vowels in
open syllables, there is a difference of 6 ms for the
corrected mean of function words, whereas there is
more than 50 ms for lexical stress.
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3.5 Stress

Lexical stress affects the last syllable of each word,
unless the last vowel is a schwa, in which case the
stress affects only the penultimate syllable. The raw
mean of the schwa in an internal word position is 8
ms longer than the raw mean of the schwa in word
final position; this justifies the fact that schwa is often
assigned a non stressed category. Lexical stress is an
important factor for duration: among vowels in open
syllables, the corrected mean of stressed vowels is 53.6
ms longer than for unstressed vowels (121.2 against
67.6 ms). In closed syllables, the difference is 34.7
ms; it is 12.3 ms for intervocalic consonants. As seen
earlier, stress has a significant lengthening effect on

vowels, especially when they are in open syllables, as
“discussed in Tranel [6].

4, CONCLUSION

This study reports on the measurement of acoustic
aspects of French speech that affect duration, using a
corpus of French text, covering a thorough combina-
tion of factors. Once contextual factors were deter-
mined, statistical data analysis was performed, and
results provided duration information for phonemes
in context. The effects of some major factors such as
liaison, function words, stress, and nature of the syl-
lable, were studied, adding careful measurements to
previous perceptually determined knowledge of dura-
tion in French. The motivation for this research was
to improve the output of the duration rule compo-
nent of a French text-to-speech system, which we will
pursue and test in our future research.
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