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ABSTRACT

This study quantifies “final devoicing” (FD) in large-
scale corpora of Standard French via automatic
alignment with pronunciation variants. We use cor-
pora of different speech styles, ESTER (journalistic
speech) and NCCFr (conversation between friends),
to compare the rates of devoicing and voicing of
word-final fricatives as a function of the following
context (voiceless obstruent, voiced obstruent, sono-
rant, vowel and pause). Three categories emerge:
before obstruents, word-final fricatives undergo la-
ryngeal assimilation (arrive[f] t6¢); before vowels
and sonorants, only little variation is found; before
pause, there is a high rate of devoicing (trouve[f] ##)
and only negligible voicing. This last point shows
that French features FD. This finding, in accordance
with the typology and phonetic studies, extends pre-
vious small-scale investigations on regional varieties
of the language to large corpora of Standard French.
The FD effect is reinforced in conversational speech,
and is stronger in labial than in alveolar and post-
alveolar fricatives.

Keywords: final devoicing, fricatives, large cor-
pora, forced alignement, Standard French.

1. INTRODUCTION

Final devoicing (FD) is the process whereby
(contrastively) voiced consonants are devoiced in
domain-final position, as in Balearic Catalan cav
[kaf] ‘I dig’. The process is widely attested in the
typology both as a sound change, which is believed
to progress from larger to smaller prosodic domains,
and as a static sound pattern [4]. It has been argued
to result from aerodynamic constraints of the vocal
tract: the falling of subglottal pressure in domain-
final position quenches the vibration of the vocal
folds [13, 20]. This contrasts with the opposite pro-
cess, “final voicing”, which is rare or unattested in
the world’s languages [10]. If “sound change is
drawn from a pool of synchronic variation” [14], we
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should be able to find FD in the synchronic variation
of languages for which the pattern has not been re-
ported so far. The goal of this paper is to investigate
this hypothesis in Standard French. Since such a pat-
tern is likely to be peripheral, and better reflected in
spontaneous speech, it is difficult to detect in labo-
ratory settings. To be able to quantify the phonetic
precursors of FD, we analyse large corpora of speech
using automatic alignment with pronunciation vari-
ants.

2. FINAL DEVOICING IN FRENCH

French features a contrast between voiced and voice-
less obstruents at three places of articulation. Since
this contrast is maintained in word-final position, as
in case /kaz/ ‘compartment’ ~ casse /kas/ ‘breaks’,
cage /kaz/ ‘cage’ ~ cache [ka[] ‘hides’, it is a poten-
tial candidate for FD. FD has indeed been reported
in a number of regional variants of French, espe-
cially in northern and eastern areas, where it is per-
ceived as a marked vernacular feature and believed
to result from contact with Flemish, Picard (north-
ern) and Germanic (eastern) languages [15, 18]. FD
is also a well-known feature of Belgian French [9],
and has been occasionally found in other areas of
France [17]. In these varieties, FD is not systematic,
and it is word-final: it occurs regardless of the fol-
lowing context. To the best of our knowledge how-
ever, no large-scale study of FD has been undertaken
for Standard French. The present paper proposes to
enlarge this perspective by investigating the voicing
alternation of word-final fricatives in large-scale cor-
pora of Standard French. Fricatives are interesting
because, since they devoice more easily than stops
[13], we are likely to find more variation in frica-
tives than in stops; moreover, most of the works on
the voicing alternations of word-final consonants in
French (such as [16, 17, 18]) focus on stops only.



3. CORPORA

Two manually transcribed corpora of French were
used. The first is a subset of the ESTER corpus
of radio and television news broadcast [6]. In or-
der to focus on Standard French, we filtered out the
data coming from RTM (Radio Television Maroc)
and RFI (Radio France International) which contain
many portions of non-metropolitan French. The re-
maining corpus comprises 43 hours of speech. The
second corpus is NCCFr, which comprises 36 hours
of conversations between friends [19]. Both corpora
were cleaned of monosyllabic clitics such as je, ce,
se, interjections (eg. pff, oups) and loanwords for
which more than one pronunciation may be possible
(eg. Gomez, Museuw, Zinoviev). Although we can-
not precisely control for the percentage of marked
regional variants and foreign accent in the corpora,
our listening to a hundred samples in each of them
suggests a globally high homogeneity. The compar-
ison of ESTER and NCCFr therefore allows us to
measure the trend for FD across two distinct speech
styles, formal (ESTER) and casual (NCCFr).

4. METHODOLOGY
4.1. Automatic alignment with variants

To measure the voicing alternations in fricatives,
these corpora were segmented using the LIMSI’s au-
tomatic speech recognition (ASR) system to carry
out the forced alignments [7]. Forced alignment
matches the corpora’s speech segments with their or-
thographic transcription, using acoustic models and
a pronunciation dictionary. The pronunciation dic-
tionary provides, for each orthographic word, a short
list of its standard broad phonetic transcriptions (see
Table 1). For each word, the system chooses the
most adapted pronunciation variant listed in the dic-
tionary, and returns the word and phone boundaries.

In order to detect voicing alternation in fricatives,
we introduced additional pronunciation variants in
the dictionary by systematically applying voicing
and devoicing rules to the voiceless and voiced frica-
tives. For instance, for the word gréve the sys-
tem could choose between the pronunciation variants
[geev] and [geef] (plus optional schwa) (cf. Table 1).
This decision is made based on the system’s acous-
tic models: in each case, the system decides whether
the fricative best matches the acoustic model of the
voiced or voiceless member of the pair at each place
of articulation. Adding variants to the pronunciation
dictionary is a method used to improve the system’s
performance [12, 2, 3]. It is here leveraged to assist
the linguistic investigation, by allowing us to detect
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general trends in the phonology at a large scale in
spontaneous speech.

Base dic.
Var. dic.

greve
greve

grev, greva
grev, grevo, gref, grefo

Table 1: Sample of the base dictionary vs. dictio-
nary with added variants.

The acoustic models were previously trained on
about 250 hours of transcribed speech from a vari-
ety of broadcast radio and TV sources. As such, the
models inherently capture a degree of variation in the
signal, introducing some noise in the results. To limit
this effect, we used context-independent phone mod-
els [2].

4.2. Comparisons

In order to quantify FD, we proceed from larger to
more precise comparisons. To control for the gen-
eral variation found in spontaneous speech, we first
compare the rates of alternations in word-final vs.
word-internal positions (§5.1). A total of 247 972
word-internal fricatives and 27 424 word-final frica-
tives were extracted. The latter were then restricted
to words where the fricative is in absolute final po-
sition (so [greva], [geefo] were set apart), reducing
the number of tokens to 24 024 (Table 2).

We then focus on the word-final position, and
compare the rates of /f, s, [/ voicing and /v, z, 3/ de-
voicing (§5.2). Word-final tokens were extracted to-
gether with the following context, which was sorted
in five classes: voiceless obstruent, voiced obstru-
ent, sonorant, vowel and pause. The “pause” cate-
gory includes silences and breaths. Note that these
do not necessarily occur at the end of sentences or
syntactic groups: the context we are looking at for
FD is hence purely phonological. Examination of
voicing and devoicing alternations in each of these
five categories reveals two types of processes: be-
fore obstruents, the potential effect of FD is masked
by a laryngeal assimilation process (§5.3); in the re-
maining contexts, we find a relatively high level of
devoicing before pause (§5.4).

5. RESULTS
5.1. Word-internal vs. word-final alternations

Voicing alternations were quantified in word-medial
vs. word-final position. As expected, a much lower
rate of variation is found in medial than in final posi-
tion (Table 3). These low level voicing alternations



ESTER NCCFr Total
N. fric. 17 481 9543 27024
/f/ 1260 826 2086
/s/ 7376 3765 11 141
/f/ 1399 631 2030
v/ 1301 1673 2974
[z/ 3969 1664 5633
/3/ 2176 984 3160

Table 2: Number of extracted word-final frica-
tives.

roughly reflect unpredictable variation, as when a
whole word is voiced or devoiced. The rate of word-
internal variation can then be used as an indication
for the overall rate of variation in our corpora.

Medial Final
/f, s, [ voicing 6 17
/v, z, 3/ devoicing 5 27

Table 3: Rate (in %) of voicing alternation in
ESTER + NCCFr as a function of the position in
the word.

The situation where the consonant of interest is in
absolute final position can be compared to the sit-
uation in which it is followed by a schwa and/or a
liaison consonant (eg. [grev] vs. [geeva], [grevz],
[geevaz]), representing 3400 tokens. As expected,
we find less variation in this case than in the abso-
lute final position, with a voicing rate of 10% and
a devoicing rate of 9% across all places of articula-
tion and both corpora. Interestingly however, these
rates are still higher than the word-internal ones in
Table 3. They reflect cases where the whole word-
final sequence is voiced or devoiced depending on
the following context.

5.2. Final position: voicing vs. devoicing

Focusing now on the word-final position, we com-
pare the rates of voicing and devoicing depending on
the following contexts. The comparison of Fig. la
(voicing) and 1b (devoicing) shows that three groups
of contexts emerge: before obstruents, laryngeal as-
similation takes place; before vowels and sonorants,
only small amounts of variation are observed; before
pause, there is a high rate of devoicing but no voic-
ing. This is evidence for two processes: assimilation
(§5.3) and FD (§5.4).
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Figure 1: Rate (in %) of word-final /f, s, f/ voic-
ing (Fig. la) and /v, z, 3/ devoicing (Fig. 1b) in
ESTER + NCCFr as a function of the following
context. NVObst = voiceless obstruent, VObst =
voiced obstruent, Son = sonorant, Vow = vowel.

5.3. Laryngeal assimilation

Both Fig. 1aand Fig. 1b show a high amount of vari-
ation before obstruents. When the following context
is a voiced obstruent, word-final /f, s, J/ are voiced
61% of the time (eg. grosse[z] différence). When
it is a voiceless obstruent, word-final /v, z, 3/ are
devoiced 68% of the time (eg. mobilise[s] pour).
NCCFr shows overall more variation than ESTER.
This confirms that regressive laryngeal assimilation
at word-boundary is a productive process in Standard
French, in line with previous studies on the subject
[5, 1, 8]. A difference is that we find a preference for
devoicing assimilation, while Hallé & Adda-Decker
found a symmetric effect for fricatives [§].

5.4. Final devoicing

The second process which emerges from the com-
parison of Fig. 1a and Fig. 1b is FD. Comparing the
rates of /v, z, 3/ devoicing before sonorant, vowel
and pause in Fig. 1b, we find a relatively high rate
before pause (25%), but only marginal variation be-
fore sonorants (9%) and vowels (6%). Our study
therefore shows that there is pre-pausal FD in Stan-
dard French: the process does not target all word-
final positions, but only the end of chunks which
can be analysed as utterances. Comparing this to
/f, s, J/ voicing in Fig. la, we can see that there is
only marginal variation in all three cases (5% before
sonorants, 7% before vowels, 6% before pause). As
expected, there is no final voicing in French.

The pre-pausal FD process is reinforced in casual
speech, as opposed to prepared speech: as shown by
Fig. 2, there is a higher rate of pre-pausal devoic-
ing in NCCFr (32%) than in ESTER (21%) (x%(1) =



17.45, p <.001).

Next, our results show an effect of place of ar-
ticulation (Table 4): labial fricatives devoice more
frequently than alveolar and post-alveolar fricatives.
When both corpora are pooled, the differences be-
tween /v/ and /z/, as well as /v/ and /3/ are significant
(x*(1)=13.37, p<.001 and ¥*(1) = 9.21, p < .05 re-
spectively); the one between /z/ and /3/ is not (y*(1) =
.10, p=.74). This result is due to the influence of the
ESTER corpus: in NCCFr alone, none of the com-
parisons are significant.

NCCFr

%)
(3]

ESTER 21

Figure 2: Rate (in %) of /v, z, 3/ devoicing before
pause in NCCFr (top) vs. ESTER (bottom).

Izl 13/
ESTER 32 19 20
NCCFr 35 32 28
Both corp. 34 22 23

Table 4: Rate (in %) of devoicing before pause in
ESTER vs. NCCFr.

6. DISCUSSION

This study explored the voicing alternations of frica-
tives in two large corpora of Standard French. We re-
port two processes responsible for these alternations
in word-final position. The first is regressive laryn-
geal assimilation before obstruents: our findings cor-
roborate previous studies on the topic. The second is
final devoicing before pause, that is, at the end of ut-
terances. The comparison of voicing and devoicing
patterns in non-assimilatory contexts, that is, before
sonorant, vowel and pause, shows a relatively high
rate of devoicing before pause, and no special effect
in the other contexts. Our study thus confirms the ex-
istence of FD in the “pool of variation” in Standard
French, before the process may take on and become
a sound change. This situation differs from the one
reported in regional varieties of the language: in our
corpora, FD does not target the end of the word, but
the end of larger prosodic groups. It is not systematic
in this position. Standard French thus shows a pre-
liminary stage of the process. Furthermore, we find
an effect of speech style (there is more FD in casual
speech) and an effect of place of articulation: in ES-
TER, labial fricatives devoice more often than alve-
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olar and post-alveolar fricatives. These are new re-
sults, since previous works targetted only one speech
style, and either focused on stops [17, 18] or found a
great variety in the selection of devoicing fricatives
depending on the dialects [15]. In future work we
plan to extend the study to stops, in order to allow
for the comparison and to provide a full picture of
the process in Standard French.

Finally, a word on the methodology is in order. A
major difficulty in studying neutralisation patterns
is how to label the categories, in our case “voice”
and “voiceless”. What is quantified in this paper as
a binary decision most probably corresponds in the
data to a gradient continuum along the acoustic pa-
rameters cuing the voice contrast. Telling apart the
canonical vs. alternating tokens is all the more diffi-
cult before pause, where the cues for the contrast are
weakened anyway; even in languages where FD has
been reported as a systematic rule, numerous studies
have shown that the neutralisation is acoustically and
even perceptually incomplete [11]. To capture this
gradiency, we are planning in future work to study
in more detail the acoustic parameters at stake in our
corpora. Yet ASR systems are interesting in that they
approach exemplar-based modelisations of the lis-
tener. In real life, listeners are able to compensate
for the variation in the signal and to correctly iden-
tify the phoneme categories by relying, among other
tools, on subtle acoustic cues and their lexicon. In
a similar way, the acoustic models of ASR systems
are trained on hundreds of hours of speech, includ-
ing word-final tokens, and may therefore compen-
sate for some of the variation in the signal. An im-
portant difference in the method used in this paper is
that the system cannot rely on its lexicon to identify
the phoneme, since the lexicon was modified with
additional variants. Itis thus forced to make the deci-
sion based on its acoustic models only. In that sense,
this method approximates perceptual experiments at
a very large scale, and stands as a useful complement
to classical acoustic and perceptual studies.
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