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" Word-final schwa
in Standard French

Definition
State of the art
Goals of the study



Schwa in Standard French

 l A

* French schwa: “e muet”, “e caduc”, “e instable” or “e féminin” (when word-final):
e centroid vowel
e weak or reduced
* noted [39]
* restricted to unstressed syllables

The word "dessus"
(/dasy/, above)

(a) with and

(b) without schwa
aligned by the LIMSI
speech transcription
system

Figure from Wu et al.
2017

e alternating with zero _: ||
= highly variable realization SR

@ b)



Schwa in Standard French

* |t can surface

e word-internally in first syllables
Ex. [ssamen], semaine, ‘week’

e word-internally
Ex. [paslamad], parlement, ‘parliament’

— |lexical vowel

e or word-finally
Ex. [katxa], quatre, ‘four’

— epenthetic vowel



Schwa in Standard French: Literature

Schwa (mainly internal)
Mende (1880), Grammont (1894), Martinon (1913), Leray (1930), Fouché (1956), Malécot o)
(1955, 1976), Delattre (1951, 1966), Dell (1970), Coté (2002), Racine & Grosjean (2002), Biirki et
al. (2007), Wu et al. (2016, 2017)

Final schwa after branching codas only

Dell (1970, 1976), Brand & Ernestus (2018)

Phrase-final schwa in Parisian French, also called “pre-pausal schwa” or “parasite e”
Fonagy (1989), Hansen (1994, 1997) et Hansen & Mosegaard-Hansen (2003)

Final schwa in non-Standard varieties of French
Durand & Eychenne 2004, Ranson & Passarello 2012, Eychenne 2019



Schwa in Standard French: Literature

* Only one study about schwa
* in word-final position
» after all kinds of word-final codas
* in Standard French
* using large corpora

= Purse (2019)

* Yet, limited:
e 2 corpora of read speech (ETAPE and BREF80)
* only 2 667 tokens

* exploring only three factors:
* the gender of the speaker
* the relationship between final schwa and graphic <e>
* the possible re-syllabification of the coda as the onset of the following word



Word-final schwa: Goals

* Fill a methodological gap: introspection vs large corpora
* Fill a descriptive gap:

* Investigate word-final position vis-a-vis schwa behavior:

e after all 12 obstruents of Standard French /p, t, k, f, s, [, b, d, g, v, z, 3/
* before various, refined right contexts

* in several speech styles

* on extended data (110+ hours of speech / 120k+ tokens)



Data and Method

Methodology
Data



Corpora for Standard French

* 3 large corpora, manually transcribed:
e ESTER (Galliano et al. 2005)
* 80 hours of speech filtered => 40 hours of Standard French
e aired in 1998-2003
* broadcast news: prepared, possibly read + formal speech
 ETAPE 1 et 2 (Gravier 2012)
* 13.5 hours of radio talks and 29 hours of television shows
e aired in the 2010s
* mostly debates and conversations: non-prepared + formal
e NCCFr (Torreira et al. 2010)
e 31 hours
* recorded between 2007 and 2008
e spontaneous face-to-face interaction between friends: non-prepared + informal



Automated methodology

* Acoustic models and pronunciation dictionaries for an automatic speech
recognition system

* Forced alignment with pronunciation variants for schwa realization vs non-
realization
(Gauvain et al. 2002, 2005; Hallé & Adda-Decker 2007, 2011)
Ex. Fr. mode, ‘fashion’ aligned with the transcriptions [mad] or [moda]

acoustic pronunciation

phone models dictionary canonically

aligned data

-

differently
aligned data

2

Human
linguistic
investigations

ASR
alignment
system

transcribed
speech corpus

descriptions
formalisations
knowledge

10



Data

* Total: 124 770 final obstruents (followed or not by schwa)

* Among them: 16 428 word-final schwas (13.20%)
e 6283 (13%) in ETAPE // Purse (2019): 15% dans ETAPE et BREF80
* manual verification on a subset: 92.3% reliable

b d g Y 4 3 P t k f S [l Total
ESTER 832 3901 416 1667 | 4288| 2693 1492 | 9808| 9563 1428 | 9887 1539 | 47514
ETAPE 1032| 4513 524 | 2020| 5205 2755 1634 | 9911| 9561 1512 | 9921 1710 | 50298
NCCFr 509 1839 328 1792 1692 1025 476 | 7348 | 6120 814 | 4346 669 | 26958

Total 2373 | 10253 1268 5479 11185 6473 3602 | 27067 | 25244 | 3754| 24154 | 3918124770

11



Analyses

e General Linear Model (glm) in R (R DCT, 2008)

 sociolinguistic factors:
* speech style
* speaker gender
e orthography
* phonotactic and phonological factors:
* size of the consonant clusters
* nature of the preceding coda
* immediate right context

e Complementary analyses
* sonority sequence

* speech rate

(Wu et al. 2016, 2017)
(Wu et al. 2017, Purse 2019)
(Durand & Eychenne 2004, Eychenne 2019)

(Grammont 1894, Delattre 1966, Blrki et al. 2011, Wu et al. 2017)
(Hansen & Mosegaard-Hansen 2003)
(Dell 1970, Coté 2000)

(Grammont 1894, Dell 1970, Coté 2000, 2002, Biirki et al. 2011,
Wu et al. 2016, Brand and Ernestus 2018, Eychenne 2019)

(Grammont 1914, Malécot 1976, Hansen 1994, Biirki et al. 2011)
12



Results

Sociolinguistic factors
Phonotactic and phonological factors

Complementary analyses

13



* speech style
* Wu et al. 2016, 2017

Sociolinguistic

* speaker gender

fa Ctors - Wu et al. 2017, Purse 2019
e orthography
* Durand & Eychenne 2004, Eychenne 2019

14




Effect of speech style

 Wuetal. (2016, 2017): The more formal the speech, the more first-syllable schwa realizations

 ESTER = (semi-)prepared, careful, possibly read speech

vs ETAPE = mixed semi-prepared monologues and several-speaker conversations
vs NCCFr = casual friendly speech

No schwa | Schwa | % Schwa
ESTER 39409 8069 17.00
ETAPE 43257 6505 13.07
NCCFr 24887 2071 7.68

e GIlm = ESTER as reference

* the probability to observe a word-final schwa decreases significantly both
* in ETAPE (estimate =-0.30631, std error = 0.01850, p < 0.001)
* and in NCCFr (estimate =-0.92817, std error = 0.02709, p < 0.001)

—Word-final schwa consistent with the behavior of first-syllable schwa



Effect of speaker

gender

+

 Wu et al. (2017) = significant difference between male and female realizations of first-syllable schwa

vs Purse (2019) = no difference for word-final schwa

Female
Number of | % of
tokens schwas
ESTER 10,183 17.50
ETAPE 9,646 13.66
NCCFr 13,016 8.69

* Higher rates in female speech than in male speech

* Bigger difference in less formal speech:

ESTER: A =0.64% < ETAPE: A=0.73% < NCCFr: A=1.95%

Male
Number of
tokens
37,295
40,116
13,942

% of
schwas
16.86
12.93
6.74

O

—Women have a higher rate of schwa realization than men and this difference is statistically 5|gn|f|cant
(estimate =-0.10342, std error = 0.02018, p < 0.001)



Effect of orthography

+

* Durand & Eychenne (2004) = correlation orthography / schwa realization
* but mostly in conservative Aude-region French vs not in more standard varieties such as Basque-country / Vendée-region Frencg

e Purse (2019) = word-final schwa more than twice as often in words ending in a graphic <e> (18% vs 7%)

100%

90%

e Results jgj
e ESTER=12.83% vs 19.53% (A=6.70%) 60%
 ETAPE =7.83% vs 15.38% (A=7.55%) zgz’

e NCCFr = 6.17% vs 8.95% (A=2.78%) o

20%

10%

0%

no <e> no <e> no <e>
ESTER ETAPE NCCFr

W schwa realized M Schwa not realized

— Compared to words without <e>, probability to observe a word-final schwa increases significantly for words with <e>
(estimate = 0.59076, std error = 0.02620, p < 0.001) 17



Phonotactic
and

ohonological
factors

* size of the consonant clusters

* Grammont 1894, Delattre 1966, Burki et
al. 2011, Wu et al. 2017

* nature of the preceding coda
* Hansen & Mosegaard-Hansen 2002

* immediate right context
« Dell 1970, Cété 2000

18




Effect of the size of the consonant cluster

 Grammont (1894) = Three Consonants Rule = the realization of schwa becomes mandatory in most
cases when the surface form resulting from the absence of schwa would have 3 or more consonants in
a row (Burki et al. 2011, Wu et al. 2017)

100%
90%
80%

204

70% 8694
60%
0% 60991
40%
0% 463
20% 5400
10%

0% 5828

ccC ccc ccec

schwa realized Schwa not realized

— Compared to CC=8.72% :
* vsCCC=138.31% (A = 29.59%, estimate = 0.28029, std error = 0.04089, p < 0.001)
* vs CCCC=69.41% (A = 60.69 but not statistically significant: estimate = 0.07212, std error = 0.06934, p > 0.05) 19



Effect of the nature of the coda

Hansen and Mosegaard-Hansen (2002) on “parasite e” = more after voiced than after voiceless codas

Laryngeal feature

* voiceless obstruents are less frequently followed by schwa than voiced ones

(estimate = -0.36216, std error =0.01919, p < 0.001)

Manner of articulation

 fricatives less than stops
(estimate = 0.63756, std error = 0.01868, p < 0.001)

Place of articulation:
 Compared to alveolars /t, d, s, z/ :
* labial /p, b, f, v/ favor schwa realization less
(estimate = 0.06955, std error = 0.02832, p < 0.05)
e posterior-velar consonants /k, g, [, 3/ favor schwa more
(estimate = 0.09339, std error = 0.02028, p < 0.001)

Coda No schwa
6605
4374
1003
4879
1848
9468
3045
19642
19689
18342
2700
3275

—h— ~+ X W T N OTWONMm < O

Schwa
2076
772
167
671
236
1143
344
1716
1708
1564
211
240

% Schwa
23.91
15.00
14.27
12.09
11.32
10.77
10.15
8.03
7.98
7.86
7.25
6.83

Nb of schwas after each simplex coda before pause, vowel

or simplex onset (all corpora combined)

20



Effect of the immediate right context

* Data broken into 5 categories: pause, vowel, sonorant, voiced obtruent and voiceless obstruent

No schwa
Schwa
% Schwa

Pause

8915
3043
25.45

Vowel

24973
2308

8.46

Sonorant

13659
1553

10.21

Immediate right context

Voiced
obstruent
19325
1938

9.11

Voiceless
obstruent
27998
2006

6.69

Nb of schwas for each right context (simplex coda before pause, vowel or simplex onset
only, all corpora combined)

—Compared to voiceless obstruents, positive correlation before:
e pauses (estimate = 1.20904, std error = 0.04381, p < 0.001)
e sonorants (0.15615, std error = 0.02802, p < 0.001)

* and voiced obstruents (estimate = 0.11682, std error = 0.02478, p < 0.001)

but negative correlation

* before vowels (estimate =-0.12632, std error =0.04362, p < 0.01)

21



* sonority sequence

* Grammont 1894, Dell 1970, Coté 2000,
2002, Burki et al. 2011, Brand & Ernestus
2018, Eychenne 2019

analyses - speech rate

e Grammont 1914, Malécot 1976, Hansen
1994, Birki et al. 2011

Complementary

22




Effect of the sonority sequence

* Sonority Sequencing Principle = “universal hierarchy of complex onset and coda goodness” (Tranel 1999, in

Coté 2000):

[-sonorous] obstruents < nasals < liquids < glides < vowels [+sonorous]

(Parker 2011)

e Schwas = more likely to dro? if the cluster obeys the Sonority Sequencing Principle (C6té 2000: 112-119;
a

Birki et al. 2011), in particu

realization (Delattre 1951).
* Limited to C(a)#C sequences (n=66,479)

r in word-final sequences of consonants (Dell 1976
Eychenne 2019) and in CCC sequences, where the presence of a final liquid (CCL

Brand & Ernestus 2018,
reduces the rate of schwa

* NB: data are unbalanced (obstruents only for left context vs obstruents and sonorants for right context)

= 6.50% when the sonority is falling

Ex. [dispozitif.pyblik], ‘public system’ No Schwa
vs 8.27% when the sonority plateaus Falling 20312

Ex. [3z.3uk], ‘eleven days’ Plateau 11766
vs 9.47% of the cases when it is rising Rising 28904

Ex. [psop.sdteal], ‘Central Europe’ Total 60982

= Results are significant (x*=151.22, df=2, p<2.2e-16)

Schwa
1411
1061
3025
5497

% Schwa
6,50
8,27
9,47
8,27

23



Effect of speech rate

+

* Word-internal schwa: higher speech rate = higher proportion of non-schwa variants
e Grammont 1914, Malécot 1976, Hansen 1994, Biirki et al. 2011 O

e Method:

» Speech rate as the number of phones (consonants and lexical vowels) per second for each speech turn.
* Number of word-final schwas (non-lexical vowels) is established for each speech turn.
* A Pearson’s test was operated on the data for each corpus.

— Very weak correlations between speech rate and word-final schwa realization in all
corpora: ESTER: r=-0.03, ETAPE: r=-0.01, and NCCFr: r=0.20

* Maybe the relevant factor in variation phenomena is not how quick or slow one speaks but how regular the
rhythm of the speech is.

24



" Conclusion and
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Summary of the results
Concluding remarks
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Summary of the results

* General linear model = effect of...
 ...sociolinguistic factors:
* speech style: the more formal the speech, the more schwa realization
* speaker gender: more schwa realizations in female speech in all speech styles
» orthography: written <e> = more schwa realizations
e ... phonotactic and phonological factors:

* size of the consonant cluster: the more consonants in a row, the more schwa realizations

* nature of the preceding coda:

* laryngeal feature: voiced codas /bdgvzz/ are more followed by schwa than voiceless ones /ptkfs[/
* manner of articulation: fricatives favor schwa realization less than stops
* place of articulation: labial codas favor schwa realization less than alveolars and posterior-velar consonants more

* Immediate right context: more schwas before pause, sonorants and voiced obtruents that before voiceless
obstruents, but less before vowels

* Also:
 effect of the sonority sequence

* no effect of speech rate
26



Concluding remarks

* First extended study of word-final schwa in Standard French
* Benefited from access to large-scale data and automatic speech alignment techniques

= Case in point of what large corpora and automated methodologies can bring to linguistic inquiry
of fine-grained free variation

27
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