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Abstract

This study presents a comparison of French lexical fundamen-
tal frequency (fo) profiles for different speaking styles using
phonemic, syllabic and lexical transcriptions as well as part-
of-speech annotations. Three speaking styles (broadcast news,
broadcast conferences and conversations) with over 20 hours of
speech were used. Syllabic word length and POS were con-
sidered as influential factors. Results confirm word final syl-
lable accentuation as common tendency in French. The study
highlights noun word-initial accentuation after determiner
for BN style speech. Journalistic prepared speech features lex-
ical words with more dynamic fyp profiles on average versus
more stable flat profiles for our spontaneous data. Future works
include localization of named-entity and/or focus of speech
within the framework of discriminative classifiers.

Index Terms: fundamental frequency, lexical fo profiles,
French, word-final accentuation, POS annotation, corpus-based
study, automatic processing.

1. Introduction

This work aims at improving our knowledge of potential
prosody changes between speaking styles in French. We pro-
pose to make use of large corpora and automatic speech pro-
cessing tools to investigates fundamental frequency (fo) regu-
larities of French words for various speaking styles. We con-
sider speaking styles as used by the automatic speech recogni-
tion (ASR) community: from prepared to spontaneous conver-
sational speech. From a linguistic point of view, it is agreed
upon that speech production changes with style (cf. hyper- and
hypospeech [1]). Taking a more technological ASR perspec-
tive, systems produce word error rates that are typically thrice as
high for spontaneous speech than for carefully prepared speech.
These observed differences suggest major changes in the acous-
tic realizations. The question of interest in this study is whether
differences can be highlighted via lexical fo profiles? The used
methodology was introduced in our previous studies [2, 3] to
question prosodic regularities of French words via fo profiles.
It combines time-aligned phonemic and lexical transcriptions,
as well as automatic prosodic and POS annotations to compare
average fo profiles according to word classes of given syllabic
length, word final-schwa, duration and syntagms. For prepared
journalistic speech the average lexical word contour showed a
final rise concurrent with a minimum fj on the penultimate syl-
lable, which tended to be reinforced with syllabic word length.
Average fy profiles tended to be raised in presence of final
schwa and for longer syllabic durations. We also observed
weak first syllable accentuation of noun words after determiner.
The present study then aims at checking whether speaking style

plays a role in fy profile patterns and whether the previous find-
ings hold across the newly added conditions .

In the following, section 2 presents the different style
speech corpora and recalls the methodology to extract and or-
ganize the measurements. Section 3 compares and discusses fo
profiles across conditions. Conclusions and future perspectives
are given in section 4.

2. Corpora and Methodology
2.1. Corpora

The current study makes use of male speech from three manu-
ally transcribed corpora:

- TECHNOLANGUE-ESTER [4]: French broadcast news
(BN), prepared speech (13 hours). The data mainly include pub-
lic French radio news reports.

-QUAERQO: scientific and journalistic public conferences cor-
responding to semi-prepared speech (0.5 hour). This data is
somewhere between news reports and free conversations.

- PFC (Phonology of Contemporary French) [5]: speech of var-
ious speaking styles and of various French-speaking regions,
with speakers who are firmly rooted geographically. Only the
spontaneous PFC speech data including guided and free conver-
sations from male speakers are considered here (6.8 hours).
Table 1 gives a word level description of the 3 corpora accord-
ing to mono- and polysyllabic words. The QUAERO subset
being the smallest in volume and corresponding to a loosely
defined speaking style, the related upcoming results should be
taken only as indicative. However, on a methodological level it
is interesting to check whether the measured fy profiles from a
small corpus are similar to (some of) those of the larger corpora.

2.2. Methodology

Concerning the prosodic level in French, many authors noticed
the correlation between accentuation (final and initial), length-
ening and word or syntagm boundaries [6, 7, 8, 9]. In the fol-
lowing, we propose contrastive measurements on subsets with
increasing proportions of potential prosodic phrase boundaries.
Acoustic correlates, namely fo is examined with respect to sup-
posed influential factors: syllabic word length expressed in
number of syllables, presence or absence of word-final schwa,
part-of-speech (POS). Figure 1 gives a schematic overview of
the processing steps on the investigated data.

fo measurements: Fundamental frequency (fo) values were
measured every 5 milliseconds (ms) using the standard settings
of Praat [10] which results in at least six fy samples for each
segments (a minimum phoneme duration is 30 ms).

Lexical and phonemic alignment: The audio corpora were
automatically aligned by the LIMSI speech recognition sys-



Table 1: Quantitative ESTER, QUAERO & PFC corpus de-
scription with regard to (w.r.t.) word tokens of syllabic length
n from 0 to 4. Counts are separated for words with/without
realized final schwa (top/bottom). Syll.class n_s states n: the
number of full syllables; s: presence/absence of final schwa.

Syll. Occurrences
n | class #Words Examples
n_s | ESTER PFC | QUAERO
0 0.0 12578 | 13921 414 | d’ /d/; de /d/
1 1.0 72249 | 65521 2915 | vingt; reste
2 2.0 36027 | 20346 1212 | beaucoup
3 3.0 15994 4959 497 | notamment
4 0 6053 1408 176 | présidentielle
Syll. Occurrences
n | class #Words + o/ Examples
0 0_1 12295 5056 413 | de /da/; le /1o/;
1 1_1 3918 1642 112 | reste; test
2 21 2087 716 36 | ministre
3 3.1 698 208 30 | véritable
4 4 1 174 49 3 | nationalistes
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Figure 1: Automatic processing steps and annotation levels:
each vowel is tagged by an average fo value and its duration,
by its rank within the word, by lexical and POS information.

tem [11] producing word and phonemic segmentation. During
the alignment, the pronunciation dictionary allows for optional
word-final schwas, if the standard pronunciation ends with a
consonant. For technical reasons, a phoneme segment is a min-
imum 30 ms duration and a boundary location precision of 10
ms.

Syllabic word length; syllabic length class: Each word token
was annotated by its syllabic word length, corresponding to the
number of full syllable in its aligned pronunciation. Word-final
schwas did not count for the syllabic length, however, they were
used to tag words into specific subsets. The word fest (‘test’)
with pronunciation [test] was of syllabic length 1 with no word-
final schwa, and was tagged as belonging to the syllabic length
class 1_0. The same word pronounced [testo] goes to the syl-
labic length class 1_1 (cf. syll.class in Table 1). Words of the
same syllable class are merged to compute average fy profiles.

Part-of-speech tagging: To measure the influence of POS
classes and sequences on fy realizations, the three corpora were
POS-tagged. The annotation was carried out with WMATCH,
the LIMSI regular expression general-purpose annotation en-

gine [12] with a French version of TREETAGGER [13].

fo values, fo profiles: fy profiles were computed for each syl-
labic word class (syll.class n_s tags of Table 1). To compute
these profiles only vowels with voicing ratios over 70% were
used to minimize potential segmentation errors due to automatic
alignment. This resulted in a rejection rate of about 10% for
the prepared ESTER and semi-prepared QUAERO data and of
30% for the spontaneous PFC corpus. The discrepancy in rejec-
tion rates between prepared and spontaneous corpora suggest
that there might be major changes in the acoustic realizations of
these different speaking styles.

For each vowel a mean fp value was computed over all
voiced frames of the vocalic segment. The values in Hz were
converted to semitones (st), with 120 Hz as reference frequency
(120 Hz is often considered as average male voice height) [14].
Perceptual studies [15] have shown that differences of 3 st
play a role in the communicative situations even though
weaker differences can already contribute to the perception
of lexical demarcation for instance. Only words with all their
vowels passing the voicing criterion were kept for further
investigations. This selection aimed at reducing the impact of
erroneous measurements, due to combined alignment and/or
fo extraction errors. To each word from the prepared corpora
including orthographic/phonemic transcribed pronunciation,
a corresponding POS was associated. Each vowel was thus
annotated with its mean fo in st and its syllable rank in the
word. The fy profile of a word was then defined as a schematic
fo contour connecting the fo values of the different vowels
of increasing rank. Similarly, for a given syllabic word
length class (syll.class in Table 1), the fy profile is defined
as a schematic fo contour connecting the average fo values
(computed over all the vowels of a given syllable rank and a
given word subset) of the different syllables of a word. For
example, given the 2_0 class of bisyllabic words without
final schwa, the corresponding fy profile was computed as the
contour connecting the average fo value of the rank 1 vowels
(first syllable) of bisyllabic words to the average fo value of the
rank 2 vowels (final syllable) of bisyllabic words. Word subsets
can combine both syllabic word length and POS information.

3. {, profile results

In the following, fo profiles are compared across the three cor-
pora. For the presentation given here, we only focus on words
without final schwa (in Table 1). First, we present profiles for
lexical words as opposed to grammatical words. The rationale
is to empirically confirm whether grammatical words tend to re-
main unstressed which should then result in comparatively low
fo profiles (subsection 3.1). Then we focus on nouns and noun
phrases (Determiner - Noun) (subsection 3.2). As French
tends to produce word-final accentuation, the graphical displays
of the fy profiles of increasing syllabic word length were right-
justified: the first syllable of monosyllabic words, the second
syllable of bisyllabic words etc. are displayed at the final n-th
position of the longest n-syllabic words.

3.1. Lexical vs. grammatical words

We present lexical and grammatical words fy profiles to check
whether the known fy rise varies according to speaking style.
Most occurrences of grammatical words in French are mono-
or bisyllabic, whereas lexical words are frequently polysyllabic.
Due to minimum word frequency criteria (#word tokens >100),



all profiles are limited to at most 4-syllabic lexical words. Ta-
ble 2 shows the quantitative description of each corpus.

Table 2: Quantitative ESTER, QUAERO & PFC corpus de-
scription with regard to (w.r.t.) word tokens of syllabic length
n from 1 to 4 for lexical words (top) and from 1 to 2 for
grammatical words (bottom)

n_s | ESTER | QUAERO PFC
Lex. 1_0 | 30888 1272 29583
2.0 | 33715 1125 18391
3.0 | 15960 496 4854
4.0 6036 176 1390
Gramm. | 1_0 | 40921 1622 32382
2.0 2237 83 1791
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Figure 2: ESTER corpus word fy profiles (lexical words)
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Figure 3: QUAERO corpus word fo profiles (lexical words)

Concerning the lexical word profiles (Figures 2,3,4), the 3 ex-

amined corpora (and speaking styles) share the following prop-

erties:

(i) Mean fy is higher for the final syllable n than for all preced-
ing syllables.

(ii) For trisyllables or more, the fo difference between two con-
secutive vowels is maximal between penultimate and fi-
nal vowels (A2-3 st for ESTER, A1-2 st for QUAERO,
A0.8-1.5 st for PFC).

Contrary to ESTER and QUAERO corpora, which are
(semi-) prepared speech, PFC corpus profiles show quite flat fo
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Figure 4: PFC corpus word fy profiles (lexical words)

profiles except between final and penultimate syllables. It is not
clear yet whether this result holds for any spontaneous speech
corpus. QUAERO fy profiles have more movements than PFC
fo profiles, but less than ESTER ones.

For grammatical words, average f; contours of grammati-
cal words feature flatter curves than the lexical word ones. It can
be observed that final syllabic fy values of grammatical words
are relatively lower than those of lexical words in the three cor-
pora except for bisyllabic grammatical words in QUAERO. As
outlined earlier, the latter results are only indicative, and ask
for reexamination with a larger volume of data for this condi-
tion. From these results, we can observe similar, but different fy
curves according to different speaking styles for lexical words.
It is noteworthy, that the QUAERO fj profiles for the lexical
data subset are very similar to (and in between the) two other
speaking style corpora.

3.2. Noun vs. Noun phrase

Table 3: Quantitative corpus description w.r.t. noun (top) and
determiner # noun (bottom) sequence tokens of noun syl-
labic length n from 1 to 4.

n_s | ESTER | QUAERO | PFC
Noun 1.0 8222 325 5060
2.0 11794 440 4990
3.0 5120 188 1330
4.0 2919 87 641
Det #Noun | det#1_0 2243 88 969
det#2_0 2610 100 975
det#3_0 1403 65 267
det#4_0 862 18 141

In this subsection, mean f, profiles were calculated for noun
phrases, limited to the determiner noun. In a previous
study [3], we observed remarkable fy rise between determiner
and first syllable of the noun. Here, we examined f( profiles
according to different speaking styles to check if they exhibit
similar distinct fo rise. Due to a small number of tokens in
QUAERO corpus, we limited the noun and noun phrase com-
parison between ESTER (prepared speech) and PFC (sponta-
neous speech) corpora. Table 3 presents a quantitative descrip-
tion of the three corpora. Noun fj profiles are presented in Fig-
ures 5 and 6 (Left). These fy profiles are very similar to those
of the lexical words in Figures 2 and 4.
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From noun phrase figures (right Figures 5 and 6), we can
observe that for ESTER, determiner fq values are located in un-
der O st and difference between determiner and the first syl-
lable of the noun are 1.2-3.5 st. For PFC corpus, fo profiles
present A1.5 st for determiner—monosyllabic noun and AQ.5 st
for determiner—bisyllabic/4-syllabic nouns. These results point
out less fo profile differences between determiner—first syllable
of the noun for spontaneous speech. We can also observe an
unexpected result for determiner—trisyllabic fy profile. fo value
for determiner is slightly higher than to the first syllable of the
noun. This may be again due to a small amount of sequence oc-
currences. The results from the different speaking style corpora
suggest that fy values are low for determiner and fo profiles rise
for the first syllable nouns. For spontaneous speech (PFC), the
difference of fy values between determiner and noun are lower
than for prepared speech (ESTER).

Noun (ESTER) Determiner (le, Ia, les) # Noun: ESTER

=4 —— " det#ned —— !
n=3 det #n=3 M
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I
n-4 n-3 n-2 n-1 n n-4 n-3 n-2 n-1 n

Syllabic word length w.r.t. final syllable (n) Syllabic word length w.r.t. final syllable (n)

Figure 5: ESTER corpus fo profiles Left: Noun Right: Noun

phrase
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n=4 —— " det#ned ——
n=3 det #n=3
[n=2 - r det#n=2 -
n=1 -.@ det#n=1 @
n-4 n-3 n-2 n-1 n n-4 n-3 n-2 n-1 n

Syllabic word length w.r.t. final syllable (n) Syllabic word length w.r.t. final syllable (n)

Figure 6: PFC corpus fo profiles Left: Noun Right: Noun

phrase

4. Conclusions

This study presented a comparison of French lexical fundamen-
tal frequency (fo) profiles for different speaking styles using
phonemic, syllabic and lexical transcriptions as well as part-
of-speech annotations. Three speaking styles (broadcast news,

broadcast conferences and conversations) with over 20 hours of

male speech were used. Syllabic word length and POS were
considered as influential factors. The presented methodology
combined automatically PRAAT-extracted and filtered fy con-
tours with time-aligned phonemic and lexical transcriptions and
POS annotations to compare average fy profiles according to
word subsets of given word syllabic length and phrases. Results
confirm word final syllable accentuation as common tendency
in French across speaking styles. The study highlighted word-
initial noun accentuation after determiner for journalistic
(prepared) speech style. The latter features lexical words with

more dynamic fp profiles on average versus more stable flatter
profiles for our spontaneous data. The comparison between lex-
ical/grammatical words showed interesting differences: marked
variation of fo for lexical and low fy for grammatical words.
This difference tended to decrease for the examined sponta-
neous PFC speech: our spontaneous speech fy profiles showed
flatter average shapes, whereas in the prepared speech, more
dynamic patterns were observed. Intermediate profiles charac-
terize semi-prepared speech, for which more data will be added
in the future. Future studies will also include in-depth focus
on boundary specificities, such as localization of named-entity
and/or focus of speech within the frame work of discriminative
classifiers.
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