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ABSTRACT

The work presented here is developed within a
project devoted to the acquisition of English prosody
by French learners. Our goal is to improve both pro-
duction and perception. To that purpose, we develop
speech signal transformations (auditory correction)
and propose a real diagnosis of the learner’s produc-
tion, exploiting knowledge about L1 and L2 prosody
as well as acoustical analyses. We present our strat-
egy and a simple example.
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1. INTRODUCTION

This work aims at improving the production and the
perception of English prosody by French learners,
thanks to speech signal transformations and knowl-
edge about the prosody of the mother language (L1)
and the target language (L2).

Since the early nineties, several works devoted
to Computer Assisted Language Learning (CALL)
have resulted in the development of pronunciation
training systems. Most of these systems, as Bet-
ter Accent [13], offer visual feedbacks (melodic pat-
terns especially) about the realizations of the learner
and that of a reference native speaker. A real-time
visualization of the melodic pattern is provided by
Winpitch LTL II [16]. This software, devoted to lan-
guage teachers, enables the user to modify prosodic
cues (fundamental frequency, intensity, segment du-
rations, and pauses) and annotate prosodic displays.
The Prosodic Module of SLIM (Multimedia Inter-
active Linguistic Software) [8], which aims at im-
proving the realization of the English lexical accent
by Italian speakers, offers an automatic diagnosis of
the learner’s mastering of duration cues (in particu-
lar the correct lengthening of the stressed syllable).
Feedbacks about duration cues are also given by the
Virtual Language Tutor (VTL) [11], a 3D talking
head focusing on learners’ articulation.

Whereas Winpitch is intended to language teach-
ers, SLIM and VTL carry out automatic diagnoses.
This work aims at offering an evaluation of the
learner’s realization based upon F0 contour, phone

duration as well as knowledge about the prosody of
L1 and L2. Thanks to the comparison between the
learner’s realization and that of a reference speaker,
made possible by automatic alignment tools, we pro-
pose a real analysis of the learner’s production. This
allow us to deliver relevant feedbacks, including a
diagnosis, visual feedbacks as well as an auditory
correction intended to make learners aware of the
prosody of the foreign language.

We will present the tools developed for the project
in the second section, as well as, in the third section,
a simple example.

2. TOOLS

Acoustic and prosodic analyses are performed with
Winsnoori [15], a software devoted to visualiza-
tion, analysis and processing of speech signals. The
user can annotate speech signals phonetically and
orthographically, edit F0 contours, intensity curves,
and calculate phones and syllables duration (if the
speech signal is labelled). The visualization of
prosodic cues, represented onto the spectrogram,
gives important information to users. Indeed, the
effectiveness of visual feedbacks in the domain of
CALL has not to be proved anymore [5].

Signal modification functions have been included
in Winsnoori. These functions are based on an im-
proved version of TD-PSOLA method [6] and allow
users to manually modify contours, speech rates as
well as syllable durations. Then the modified signals
are resynthesized, and the users can save the modifi-
cations. If the modification consists of imitating the
prosodic cues of a model, learners can appreciate the
differences between their realization and what they
are expected to realize. In this work, an automatic
version of these modifications has been developed.

2.1. Corpus

A corpus, associated to a set of exercises conceived
especially for the acquisition of English prosody,
was created with the help of English teachers from
the University of Nancy 2 and secondary school
teachers. This corpus is composed of transparent
isolated words (for example: difference, ministry...),
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a set of sentences (a few hundreds), and small texts
(a few tens). The corpus focuses on specific points
of prosody acquisition (for example the acquisition
of lexical accent, focus accent, or the intonation pat-
terns of a declarative sentence or a question). It was
recorded by two English teachers (a male and a fe-
male), who are native speakers of English and by a
French learner (a female non native speaker).

2.2. Automatic Alignment

Prosodic cues generally appear on well determined
linguistic and phonetic entities. So a preliminary
segmentation into words, phones and syllables is
necessary to localize the prosodic events and to com-
pare the learner’s realization with that of a reference.
Our approach is described in the next paragraph.

After users utter a linguistic entity (a word, a
group of words, or a sentence) from the corpus, a
segmentation of their realization is performed. First,
a phonetization of the text is carried out using the
CMU dictionary. Then, the segmentation is com-
puted with a text-to-speech alignment, which estab-
lishes the correspondence between phonetic units
and parts of the speech signal. Text-to-speech align-
ment is achieved using Hidden Markov Models [10].
Two different kinds of model have to be used: one
for native speakers and another one for non-native
speakers (learners). Indeed, learners of a foreign
language tend to replace the sounds they do not
know by sounds from their mother language. That’s
why models used for native speakers (learned on the
TIMIT database and developed for ASR purposes)
should be adapted to non-native speakers [4]. Nev-
ertheless the modelling of non-native speech is still
under development in laboratories. So we decided
to keep the native learner models for the moment.
Finally the syllabification program of NIST was ap-
plied to the CMU dictionary in order to obtain a
database of syllabified words.

2.3. Evaluation of the learner’s production

First, let’s say that the native speaker’s and the
learner’s realizations are automatically displayed
with their segmentation into phones and syllables.
Visual displays are shown on the spectrogram of the
learner’s realization. For example, the red curve
in Fig.1 represents the F0 contour. Syllables and
phones relative durations of the reference and that
of the learner are shown on the learner’s realization.

We wish to provide an evaluation of the learner’s
production, based upon an acoustical analysis of
his/her realization. Note that this approach deals
with the realization of established prosodic cate-
gories. This analysis relies upon a comparison with

a reference (a native speaker realization for the mo-
ment), which implies the localization of the prosodic
entity under consideration, on the reference realiza-
tion. This localization can be either automatic for
simple prosodic phenomena appearing in short sen-
tences (such as the acoustic manifestation of the
lexical accent in isolated words) or provided by
the prosodic annotation of a database or even by a
prosodic model. For our first application (produc-
tion of the lexical accent), we use an automatic de-
tection of the stressed syllable. Once the prosodic
event is localized on the reference’s realization, the
learner’s production is analysed and an evaluation of
his/her production is provided. This evaluation is not
easy to perform and can vary from a simple distance
from the target, which is not a satisfactory solution,
to a more precise judgment based upon perceptual
experiments. When possible, we choose to rely on
the results from perceptual experiments. The evalu-
ation is provided both in the form of a short text and
visual displays such as arrows (see Fig.1). We will
show in section 3 an example of our method in a sim-
ple case (realization of the lexical accent in isolated
words) as well as the exploitation of knowledge of
L1 and L2 prosody.

The reduction phenomenon (especially when a
syllable is not pronounced) requires a specific treat-
ment. If learners do not reduced unstressed sylla-
bles, this absence of reduction cannot be considered
as a mistake. But in this case, the comparison is no
longer possible and the learner is invited to repeat
his or her realization and to reduce the appropriate
syllable. In addition, this process make him or her
aware of this phenomenon.

2.4. Automatic auditory correction

Speech signals modification can be done manually
by users as shown in [3]. In this paper, an automatic
auditory feedback is carried out. We proposed two
correction solutions to make learners aware of their
deviations.

In the first correction, the prosodic cues of the
learner’s realization are directly replaced by the
prosodic cues of the model while keeping the timbre
of the learner’s voice. In a first time, the relative du-
rations of the learner’s phones are aligned with that
of the reference. In a second time, a new F0 contour
for the learner’s utterance is computed using a linear
interpolation of the model’s normalized F0 contour.
Then the learner’s realization is resynthesized and
learners can appreciate the resulting speech signal.
An example of such a correction is given on Fig.1
(third spectrogram).

The second possible correction consists of en-
hancing the deviations of the learner. As an exam-
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ple, the French lexical accent is essentially corre-
lated to a lengthening of the last syllable of the word.
Thus French learners will tend to keep this lengthen-
ing to English realizations even on unstressed sylla-
bles. Thus it is possible to lengthen this last syllable
and to let learners listen to the exaggerated version
as well as the reference in order to make them aware
of the expected realization.

Figure 1: Comparison of the word "favourite"

3. EXAMPLE : evaluation of the lexical accent
production by a French speaker

We take the example of the word "favourite" (British
English) uttered in isolation. The native speaker’s
realization and learner’s realization are presented in
Fig. 1. The evaluation is based upon the acoustic

cues and exploits knowledge of the prosody of L1
and L2.

3.1. Using the knowledge of the prosody of L1
and L2

It is commonly said that learners of a foreign lan-
guage are "deaf" to the prosodic system they are
studying. So the first language highly influences
realizations in the second language [2]. This in-
fluence is particularly perceptible for French people
learning English because these two languages do not
belong to the same prosodic category [1, 14]. In-
deed French is considered as “syllable-timed” and
English as “stress-timed” [7]. The evaluation we
provide is based on the knowledge of the specific
problems encountered by French speakers learning
English prosody. The first problem comes from the
place of the lexical accent: fixed in French and free
in English [17]. In addition, the English lexical ac-
cent is strongly marked on an acoustical point of
view whereas the French one is relatively weak [9].
In fact the French accent just consists of a length-
ening of the last syllable of the word (or the group
of words). English lexical accent is characterized
by a pitch modification, an increase of intensity and
a lengthening of the vocalic nucleus of the stressed
syllable. In addition English unstressed syllables are
frequently reduced whereas French syllables keep
their original and clear timbre.

As we previously said, French learners will tend
to use prosodic features of their mother language in-
stead of the prosodic features of the target language.
For example, they may lengthen the last syllable of
a word, even when this syllable is unstressed in En-
glish. A particular attention will then be put on du-
ration cues all over the word.

3.2. Analysis

The adjective “favourite” is analysed. In that partic-
ular case, the second vowel (“@”) is reduced by the
reference (cf. audio file 1) and by the learner (cf.
audio file 2).

The automatic alignment in phones and in sylla-
bles is shown respectively at the bottom and at the
top of the interface. The phonetic transcription in
IPA of “favourite” is the following: [’f eI v (@) r I t].

For isolated words, we relied on the fundamental
frequency peak to identify the place of the lexical ac-
cent in the word. The F0 pattern is analysed using a
linear stylisation, which seems sufficient for this first
application [12]. Besides F0 values are converted to
a semi-tones scale using the relation (1) defined by
Bagshaw.

(1) F0Semi−Tones = 12.log2(
F0Hz

55
)
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In a first time, a syllable is considered as stressed if
the F0-peak belongs to this syllable. This parameter
(F0) is efficient for words uttered in isolation.

Table 1: F0 statistics of the word "favourite".

Learner Native Speaker
Mean 25,95 22,27
SD 0,6 4,89
Min. 24,67 14,49
Max. 26,81 27,27

In this example, the F0-peak of the French
speaker is on the right syllable. Nevertheless the
F0-standard deviation for the learner is less than 1
semi-tone whereas it is more than 4 semi-tones for
the native speaker (cf. Table 1). In addition, a sig-
nificant difference of pitch can be observed between
the first and the second syllable on the reference
whereas a very weak difference can be noticed on
the learner’s realization. In that case, the learner is
informed that its realization is deviant (warning win-
dow, see second spectrogram in Fig.1). These statis-
tics confirm the problems presented in the previous
section: prosodic cues coding here the lexical accent
are less salient on the learner’s realizations. The F0
pattern of a French speaker pronouncing English ut-
terances (or words) tend to be relatively flat. Gener-
ally speaking, this is a recurrent problem of learners
of a foreign language, which is all the more marked
for French learners who do not use pitch variations
in the French lexical accent’s realization.

In addition to the visualization of his or her re-
alization, the learner is provided with a small text,
summing up the evaluation that has been performed
as well as the auditory correction (cf. audio file 3).
An analysis of the syllables and phones duration is
planed.

4. CONCLUSION

We have presented in this paper tools to help French
learners of English prosody to improve both their
production and perception. Learners are provided
with an automatic evaluation as well as an auditory
correction. These feedbacks rely on signal process-
ing tools and knowledge of the prosody of L1 and
L2. We will now focus on an evaluation of our
method in Language Learning.
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