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ABSTRACT
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The study presented in this paper has been carried out in
the framework of phonological variability in French, with
applications to automatic speech processing in mind. The
specific aim of this study is to both characterize and
model intra-speaker schwa variants in two speaking
styles. Data have been collected from casual and careful
speech corpus. Examples of phonological rules are given
here.

1 INTRODUCTION

The study presented concerns the analysis of different
kind of 'E caduc’ in two styles (‘casual' and 'careful’). The
data have been collected from the ICY French Parisian
speech corpus [1] (i.e. no variation links with regional
accent) made of casual and careful items for a given
speaker. The perceptive validation of the data is
presented. Then the methodology used to analyse data
(including a specific labelling of different schwa) is
described. A comparative and qualitative study of the
different 'E' caduc is then provided in terms of statistical
quantification. Moreover first results of a co-occurrence
relationships study with 'real' ‘¢’ caduc are analysed.
Finally, examples of phonological rules are presented
with tests on synthesized speech.

2 DESCRIPTION OF THE DATABASE

The database was developed according to a set of
linguistic hypotheses which are: first, variation is not only
a speech phenomena, it is also linguistically dependent;
second, phonological variants are a cue to identificate
different  linguistic =~ communities and  specific
phonological strategies, third, a speaker uses his
phonological space (i.e. the set of phonemes and the
phonological rules he has interalized) differently
according to the situation of communication which
influences his production mode. In other words, the
phonological style of a speaker is constrained by his
socio-linguistic story and the mode of production (reading
mode, careful speech, or casual speech).

2.1 Development of the database

Our goal is here to validate these hypothesis in focusing
our presentation on one point: the study of schwa's intra-
speaker variations in different production modes (careful
vs. casual speech) for Parisian French. A database has
been recorded in which the speaker's task was to describe
two drawings which differ in some of their parts. A lot of
phonological contexts (i.e. where segmental variants
could occur) were obtained by constraining a speaker to
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pronounce them in his description [1]. Presently 21
speakers have been recorded, 4 are analysed. Finally, we
suppose we have successed in collecting a set of stylistic
variants (i.e. allophonic candidates depending on the
production mode). This hypothesis has been perceptually
validated (cf. infra 2.4).

2.2 First labelling

For each speaker and for each corpora, the speech
recording has been divided in a set of different
paragraphes using prosodic cues: a marker of end of
paragraph is inserted at the end of a declination line
followed by a pause and a melodic resetting. First, each
paragraph has been orthographically transcribed. The
resulting graphemic string has been processed by
GRAPHON, a text-to-phoneme conversion system [2].
The phonemic output, which includes pauses, words
boundaries and syllables boundaries within words, was
used as a reference to compare the phonological
strategies of each speaker between the different styles.
Second, each speech signal has been manually labelled
and a real phonemic transcription has been performed. In
this procedure, the set of phonemes used are those
described in the literature [3], that is to say only one '¢'
caduc has been considered, regardless its graphemic
correspondance and the phonemic context, Third, the real
transcriptions have been compared to the phonemic
references gave by GRAPHON, in order to point out the
deletions, substitutions and insertions of segments.
Example: the speaker says "il y a un nuage jaune sur le
dessin de droite"; by GRAPHON and others semi-
automatic treatments the ideal phonemic string obtained
is:

HILATHA#<#N"ATS#IONSHS YRALE#D(~S<#DE#
DRWATS$#,

the corrections give the real phonemic string:
HYHAH<HNAT$# ON#SYRHALAD(~S<#D#DRWATS#.

2.3 Second labelling

Our first phonetic labelling (based on acoustic &
perceptual criteria) showed that different types of schwa
can be distinguished, those differences beeing the
phonetic reflect of the structural and functional
organization of the discourse since they are constrained
by the graphemic structure, the phonemic context
(segmental and suprasegmental) and the syntactic
structure.

Eight types of 'e' have been identified using graphemic
cues and right phonemic context:

- the two first one are followed by a consonant:

* one which has a graphemic correspondance (ex:
/bld_E/- in "blanche neige"). It is called real '¢' caduc *;

» one which has no graphemic correspondance but which
is imposed by the phonemic context (ex : /ursE/ -in "ours
blanc"). It is called parasite '¢’;
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- following this typology, two prepausal '¢' have been
distinguished:

« the first one has a graphemic correspondance, it takes
the color of preceeding consonants (ex : /kan~e#/-"canne”
where the nasalisation of the schwa is explained by the
influence of the nasal consonant). it is phonetically
shorter and smoother than the real 'e' caduc . It is called
nasal 'e",

+ the second which is a consonantic release before a
pause, has mno graphemic correspondance (ex:
[~enurs&2#/ "un ours").

- Finally, four types of hesitations have been pointed out,
they correspond to a lengthening of the vowel with no
rise of the melody: 2 are directly followed by a consonant
or a vowel :

» the first one has a graphemic correspondance (/bld_E:/ -
"blanche & gauche™);

ethe second one has no graphemic correspondance
(fursE2/ - in "ours noir");

two are followed by a pause :

« one which is marked at the graphemic level (/bld_E4#/
- "blanche")

* one which has no graphemic correspondance (fursE5#/ -
i ouIS!I)

deletion/ insertion /substitution

'real' ‘e’ caduc $ E
parasit 'e’ caduc E3
nasal 'e' &
consonantic release &2
hesitation+consonant E:

E2
hesitation+pause E4

ES

Fig. 1: the markers used for the different types
of schwa

Example: Yje vois une euh maison orange sur le dessin de
droite"

——->HIJE#V-A#UNSEM)~ZHO~R* I$#
SURH#LE#D)~S<#DE#DR-AT$#p# (by GRAPHON)
—->#HV-AFUNEH#M)~ZHO~R*JEH#
SURE3#LE#D)~S<#DE#DR-AT&#p# (after correction)
fig. 2: example of schwa labelling

2.4 Perceptive validation of the database

The perceptive effect of stylistic differences linked to the
production mode (i.e. careful or casual) have been tested.

A perception test has been runned on 13 listeners asking
them to judge and to give a mark (1 to 5) to the lless or
more relaxed' enunciation quality of one utterance in
front of a preceding one. For a given listener, the test
have been done four times corresponding to utterances of
each speaker studied (i.e. GM, GS, RF, BP).

The results (examples fig.3) show a correlation between
the production effect desired and the perceptual effect
obtained. Some speakers have been judged very easily by
listeners but other not. But in all cases a perceptual
distinction between the two 'styles' has been obtained.
Thus the question is now to understand what are the roles
(if they exist) played by pauses (empty and filled),
hesitations, intonative variation, segmental insertions,
deletions or substitutions, in the perceptual differences.
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SPEAKERS RF BP GM GS

STYLE CAREFUL
/CASUAL
LISTENERS
LA 1,82 2,69 1,13 1,15
/392 /45 /3,77 /5,00
BF 2,17 2,33 2,00 1,83
/427 /1423 /438 /423
NC 2,10 2,67 2,15 2,00
/350 /338 /413 /440
LR 2,08 2,58 2,08 1,73
/345 /323 /3,80 /430
RN 2,90 3,08 2,46 1,58

1367 /385 /388 /362
Fig. 3 Some perceptual test answers

3. PHONOLOGICAL ANALYSIS

3.1 Statistical analysis of variants

The statistical analysis uses contextual (i.e. right and left
phonemic contexts), syllabic (i.e. poly- or monosyllabic
word) and distributional (i.e. beginning, middle or end of
polysyllabic word).

Two analysis have been done: 1)the schwa with a
corresponding graphemic '¢', presented here; 2)the schwa
without a corresponding graphemic '¢’.

The first analysis is about phonemic inter-word context of
type C1$#X2 (i.e. end of polysyllabic orthographic word
where '$' is a potential schwa; C1 is a consonant, X2 isa
consonant or a vowel). For example: 'grande maison' >
#GR*D$HM(~Z/#; robe a —>#ROBS#AH.

For this study two event groups are examined: with or
without pause insertion in the context C1$#X2.

For the group without pause insertion, three events are
considered: 1)nothing' (i.e. C1$#X2 is not modified); 2)
E caduc insertion (i.e. $ is substitued by E; e.g. D$#M
becomes DE#M or B$#A becomes BE#A), 3) [E:] -
hesitation insertion (i.e. $ is substitued by E: which
represents an hesitation realized on a graphemic 'e", e.g.
D$#M becomes DE:#M or B$#A becomes BE#A).

For the group with pause insertion, three events are also
considered: 1)'only’ pause insertion (i.e. C1$#X2 becomes
C1$#p#X2, where p is an empty pause), 2) & consonantic
insertion (i.e. § is substitued by &; e.g. D$¥M becomes
D&#p#M or B$#A becomes B&#p#A), 3) [E4] -
hesitation prepausal insertion (i.e. § is substitued by E4
which represents a prepausal hesitation realized on a
graphemic 'e’; e.g. D$#M becomes DE4#p#M or B$HA
becomes BE4#A.

figure 4
% of
pause
insertion
in g0
context
ci$#x2 40
{end
poly. ort. 20
word) 0

[ B casual carefal
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Figure 4 shows the percentage of pause insertion between
the two styles (i.e. casual and careful) for each speaker.
The use of pauses are very different in the strategies of
each speaker in a given style (e.g. RF do only about 37%
of pause insertion in casual style; and BP 58%.).
Moreover if the percentage variation between the two
styles are considered for a given speaker, great
differences in the strategies appeared (e.g. BP has a
variation of about 6%; and GS or RF of about 30%). Thus
althought the perception lead to the same perception
effect (i.e. casual is perceived as corresponding to a more
relaxed enunciation, cf above), different pause strategies
in a given style and different use of pauses to modify
style are observed between the speakers. Thus, pause
insertion seems very important in the speaking strategy
(ie. to change his way of speaking from casual to careful
speech) for some speakers (e.g. GS; GM) and not at all
for others (e.g. BP).

figure §

schwa .
in 100%

context 80%
c1$#x2

in casual 60%
style 40%
{end poly

ort. 20%
word) 0%

GM GS RF BP

I B E insertion E: insertion BE deletion l

. figure 6
schwa
in 100%
context
c1$#x2 80%
in careful 60%
style
{end 40%
poly. ort. 20%
word)

0%

GM GS RF BP

I BE insertion E: insertion EE deletion |

Figures 5 and 6 show respectively the results about
schwa in C1$#X2 context between the two styles (i.e.
casual and careful) for each speaker. The use of E
insertion is different in the strategies of each speaker in a
given style (e.g. RF do only about 13% of E insertion in
casual style; and GS 22%.). Moreover if the percentage
variation between the two styles are considered for a
given speaker, differences in the strategies appeared (e.g.
GS variation is about 13,5%; and RF, 31%). And again,
the same perception effect seems produce by different E
insertion strategies in a given style and different use of E
to modify style are observed between the speakers. Thus,
E insertion seems more important in the speaking style
strategy for some speakers (e.g. RF) than for others (e.g.
GS).

The hesitation insertion (i.e. E:) varies also with the
speaker in a given style (e.g. 0,5% for BP in casual style;
20% for RF). But the same tendancies is observed for all
speakers: the percentage of hesitation increases in casual

style.
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figure 7
schwa 100%
in 80%
context

ci$upixa  60%
in casual 40%

style
20%

0%

GM GS RF BP

B & insertion E4 insertion BIE deletion l

figure 8
schwa 100%
in 80%
context

cisipixz  60%
in careful 40%

style
20%

0%

GM GS RF BP

| & insertion EIE4 insertion WE deletion

The same type of results are obtained by considering
C1$#p#X2 contexts (cf Fig. 7 & 8): the strategies use by
different speakers in a given style may be very different
(e.g. & insertion: 35-36% for GS and GM; and 12-13%
for BP and RF); and the variation for a given event from
casual to careful style is very different between speakers
(e.g. & insertion: 1% of variation for GM and BP; 23%
for GS; and 6% for BP).

Thus, the same perceptual effect (i.e. differenciation of
two styles) seems to be generated by different speaker
strategies; but moreover, in a given style, the strategies
used by speakers may be very different.

Another study looks how these events (e.g. E insertion; &
and pause insertion; . . .) intervene in phonological
variation contexts [4].

3.2 Co-occurrence relationships

Until now, the systems which generate phonemic variants
in French manipulate the phonemic events independantly
as if they were isolated on the phonemic string ([S]; [6];
[7]). In other words the phonological rules used are local,
since only neighbouring phonemic contexts are taken into
account.

We suggest to develop a dynamic model of global rules
for different styles of speech in exploring the context of
all the paragraph as it has been defined in 2.2. Therefore
we must consider the co-occurrence relationships (CR)
between variants [8], defining a CR as follow: it is the
relation in which the occurrence of a variant in a
paragraph pronounced by a speaker is constrained by the
presence or absence of an other specific variant in an
another part of the paragraph.

Data analysis has been realised to study the co-
occurrence relationships distribution: an utterance is
characterized by a symbol string which represents the
word nature (i.e. mono- or polysyllabic orthographic
word), the potential position in the word (i.e. beginning,
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middle, or end), and the deletion or insertion of E
phoneme. The distribution of each of these symbols is
established according to the previous event in the string.
Two analysis might be done: 1) a statistical analysis
about the E insertion frequencies in different positions; 2)

a frequential component analysis.

for example: if the symbol for monosyllabic word with E
insertion (e.g. je, te, . . .) is M; with E deletion is M_bar
(e.g. jO, t0, . . .); and if AM and AM bar correspond
respectively to previous monosyllabic word with or
without E pronunciation, and DE to beginning of

utterancve, results for GM are:

STYLE CASUAL/CAREFUL
RELATION AM AM bar DE
M 7/102 10/0 11/32
M_bar 24/24  36/0 12/3
First column gives

(1)if (casnal) #.. #M#........ #(M) --—> M_bar
(2)f (careful) #.. #M#...... #M) —> M

Second column gives

(3)if (casual) #...#M-bar#.. #(M) ----> M_bar

(if (careful) #.. #M_bar#.. #QM) —> ?
(no observation)

Third column gives

(5)if (casual) #(M) -—> M or M_bar

(6)if (careful) #M) ~—> M

Example: 'je crois que je vais dormir’

>HIE#KRWAH#KE#IJE#V(H#DOR~MIR#
(by GRAPHON)

With casual rules:

#IE# -— (5)-—-> #IE# (a) or #J# (b)

if (a or b) #KE# —(1 or 3)-> #K# (c)

with (c) #TB# - (3)—> #I#

with careful rules:

#IEH — (6)—> #IEB# (a)

with (a') #KE# —(2)—> #KE# (b)
with (b") #JE# - (2)-—> #IE#

But phonotactic constraints have to be taken into account
when two events are linked in the string (e.g. #KE#IE#).
For example: if the same rules, in casual style, run on
#. #KEH#LE#KA~NAR#, the string obtained
# #KHL#KA~NAR# which cant be pronounced in

French.

fig. 9: different types of phonological rules for

the treatment of the schwa

3.3 Synthetised examples of style variation rules
To know if the events observed (i.e. E, pause, &, .. .)
are correlated with the perceptual difference obtained
between the two styles, some rules have been tested on a
speech synthesizer. A record will be presented during the

presentation.

We would like to thank Bjom Granstrom and the

members of the Department of Speech Communication
and Music Acoustic Laboratory of KTH in Sweden for

allowing us to use their synthesizer.

4 Conclusion

Until now, in order to generate phonemic rules modelling
strategies used by different speakers in different styles,
the only informations which have been taken into account
are segmental ones : the phonemic context at more or less
long term and phonotactic constraints. At the same time
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we are exploring other linguistic cues based on the
syntactic and prosodic organization of the message : we
want to point out the paragraph can be segmented in
prosodic units according to the melodic organization and
pausal strategies which follow syntactic constraints ([9];
[10]). Those prosodic blocs seem to be good units of
treatment to predict co-occurrence relationships of the
variants: a specific relationship woud not be active any
more inside all the paragraph but only inside a prosodic
bloc and between two contiguous blocs. Furthermore,
only strategies of schwa's pronunciation have been
described, but the model propose and the programms
developed for the analysis can be used for any kind of
segment. Therefore, the second stage of our work is to
link strategies of schwa's pronunciation and behaviour of
the free liaison in Parisian French.
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