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ABSTRACT

This paper describes the treatment of vowels within SPELL, a
computer—-aided system for teaching pronunciation to foreign
language learners. Vowel features in English, French and Ital-
ian are taught using an analysis based on formant extraction
and between-speaker normalization. Graphical feedback
Shows the relationship between students’ tokens and ideal
vowel ‘targets’, constructed from native speaker data. Further
work is planned to develop analysis techniques and feedback
utilities for French nasal vowels, French front rounded vowels
and the diphthongs of English and Italian.
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1. INTRODUCTION

This paper describes the teaching of vowel pronunciation with-
in the SPELL system [2]. SPELL is a four—year ESPRIT pro-
ject which is developing a computer~aided system for improv-
ing the pronunciation of foreign language students in English,
French and Italian. The system is designed to be autonomous,
allowing students to work without the aid of a teacher. The sys-
tem will provide courseware modules for teaching aspects of
intonation, rhythm, consonant production and vowel quality.
Work in the first three areas is summarised in companion
papers in these proceedings 3] [12]; this paper concentrates on
the teaching of vowel quality alone.

The work on vowels has involved the construction of a demon-
strator module for teaching pure oral vowels in all three lan-
guages. The analysis system for processing students’ attempts,
the similarity metric which judges them, and the user interface
for providing feedback are described in detail below. The diffi-
culties to be faced in the extension of this system to the analysis
of other vowel types is also considered.

2. VOWEL ACOUSTIC ANALYSIS

Two major problems to be overcome in the analysis of vowels
for teaching are the issues of coarticulation and normalization.
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The aim of the SPELL system is to teach vowels in an appropri-
ate linguistic context, embedded in real words, rather than as
extended, isolated sounds. However, the effects of coarticula-
tion with neighbouring sounds give rise to a range of formant
frequency values for a given vowel sound according to the con-
text in which it is produced. This means that a given formant
pattern cannot be identified uniquely as belonging to a particu-
lar vowel. In the SPELL system, this issue of coarticulation is
effectively ignored at present, by placing vowels in a fixed, re-
stricted context. In English, for example, vowels are produced
within a relatively neutral 2-V—d frame to produce heed, hid,
head, etc.

The issue of normalization arises when the system attempts to
compare a student’s vowel token against an internal model de-
rived from real native speaker tokens. Between—speaker differ-
ences in vocal tract size, for example, mean that the formant
patiern for a given vowel produced by one speaker may differ
considerably from the formant pattern for the same vowel pho-
neme produced by another speaker. A technique of normaliz-
ation [13] which compensates for such vocal tract differences
has therefore been incorporated into this system.

The acoustic analysis adopted for the teaching of vowels is
shown in Figure 1. The analysis first uses a Hidden Markov
Model (HMM) segmenter [7], developed for use in other mod-
ules of the SPELL system [3], to isolate the vowel from sur-
rounding speech sounds and silence. The segmenter uses a set
of fairly crude Acoustic Phonetic Units (APUs) to perform a
broad—class segmentation, locating the vowel boundaries but
without attempting to identify the vowel. These APUs are
trained on vowel tokens spoken by a group of speakers, and
allow the system to operate speaker—independently at all sta-
ges.

Formant analysis is performed on the isolated vowel to obiain
estimates of the first three formant frequencies. The analysis
uses a modified version of the McCandless algorithm [6]. This
algorithm uses a peak--picking approach on Linear Prediction
spectra to find formant tracks in all voiced segments, The first
part of the original algorithm uses energy and fundamental fre-
quency measures to perform a voiced/unvoiced segmentation,
and locate the mid—points of vowels; formant tracking then be-
gins from the centre of these vowel segments. In the SPELL
analysis system, this function of vowel location is performed
by the HMM segmenter, and the corresponding part of the orig-
inal algorithm has been omitted.
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Figure 1. Acoustic analysis of vowel tokens.

The most stable region of the vowel is then chosen by applying
a “steady-state” location algorithm[14] to the three formant
tracks. In this algorithm, a window one quarter of the duration
of the vowel is moved through the formant tracks one analysis
frame at a time; at each frame the pooled within-variance of
the three formant tracks is calculated, and the window location
which gives the lowest variance is taken to define the most
stable region. A mel scale is used for this operation, to give less
weight to the variability at higher frequencies, where formants
are generally less accurately tracked.

The fundamental frequency (F0), which is also required by the
normalization procedure, is extracted using an adapted super—
resolution pitch detector [9]. All four acoustic parameters — FO,
F1,F2 and F3 - are then averaged across the stable vowel re-
gion. A set of normalized formant values for the current vowel
token is then obtained by transforming measurements to a Bark
scale and calculating the formant differences F1-FO and
F2-F1 [13]. These normalised formant values are passed to the
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vowel similarity metric, which decides whether the vowel
token was acceptable as a pronunciation of the target presented
to the student. A third parameter, F3-F2, is also computed but
is not used at this stage.

These normalised formant parameters have the advantage of
allowing a pseudo-articulatory interpretation: the F1-FO dif-
ference corresponds approximately to the articulatory dimen-
sion of tongue height, while the F2-F1 difference corresponds
approximately to the front—back position of the tongue within
the vocal tract [13]. These articulatory relationships are ex-
ploited in the design of the feedback to the user, discussed
below.

No formal assessment of the analysis system for vowels has
been completed, but an informal evaluation of its principal
component, the formant tracker, comparing its performance
against manual estimates of formant values from spectrogram

- displays, has produced satisfactory results with the simple ma-

terials used for vowel teaching. This evaluation indicated that
the formant tracker performs better for male than for female
voices, which is a typical problem associated with LPC-based
formant tracking algorithms. A preliminary evaluation of the
normalization procedure gave good results on groups of
speakers within each sex, but suggested that the procedure is
not powerful enough for data from both sexes to be pooled.

3. VOWEL SIMILARITY METRIC

The vowel teaching module provides the student with a set of
vowel models or targets to follow. Each vowel can occur within
a short monosyllabic word or in isolation. The target is an
acoustic one, represented in terms of the two normalised form-
ant parameters F1-F0 and F2-F1 [13], and it is derived in each
case from a set of vowel tokens produced by native speakers.
Although the system is speaker—independent, the sex of the s-
dent must be known in advance in order for the appropriate
vowel targets to be used. The task of the vowel similarity met-
ric is to compare the student’s vowel token against this target.

Figure 2 displays the set of vowel targets produced for teaching
French vowels (excluding the nasal vowels and front rounded
vowels). Each target is represented by a distribution in the two-
dimensional space defined by the normalised formant para-
meters F1-FO vs F2-F1. Notice that the values on each axis are
displayed in descending order to make clearer the relationship
between the acoustic parameters and the articulatory dimen-
sions of tongue height (F1-F0) and tongue frontness—backness
(F2-F1). Each vowel distribution encloses an area of two stan-
dard deviations either side of the parameter means.

The vowel distributions were obtained from tokens produced
by 11 male native speakers. Each speaker produced three rep-
etitions of each vowel. Tokens were analysed as described
above to produce estimates of the formant parameters F1-FO
and F2-F1 for each token. Tokens exhibiting obvious formant
tracking errors or extreme outlying values on either parameter
were excluded from the database. Data for the 11 speakers were
then pooled in the calculation of the vowel distributions. Vowel
targets for male and female speakers in each of the three lan-
guages have been derived in the same way.
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Figure 2. Examples of the vowel targets used
by the similarity metric. Data are for 7 French
oral vowels spoken in isolation by 11 male
native speakers.

4. FEEDBACK

A prototype of the Graphical User Interface for the vowel
teaching module has been constructed to make use of the analy-
sis system and similarity metric described above, and to allow
the system to be used in student trials. The acoustic vowel
targets defined for each language are used directly by this inter-
face to provide feedback to stadents on the acceptability of
their pronunciation.

Figure 3 shows an example of the user interface for teaching
French vowels, spoken in isolation, to a native English student.

F] M SPELL VOWEL ANALYSIS
file Help  Sctlings

You missed the target

Try again

saythe vowel i’ as in 'si’

Flgure 3 An example of the user mterfacc for
the vowel teaching module for an English stu-
dent learning French /i/.

The interface conforms to the common user access conventions
of the Microsoft Windows® graphical environment. The user
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controls the interface using three graphic ‘buttons’ which are
activated by the PC mouse. Clicking on PLAY allows the stu-
dent to listen to the teacher’s model (one representative token
of the vowel in question); SAY initiates recording and analysis
of the student’s own attempt; while NEXT allows the student
to choose another vowel for practice. Instructions on which
vowel 10 say are presented in a small prompt window. The main
display, located above the user buttons and the prompt window,
provides a graphical representation of the target and feedback
on the student’s success in achieving it. In this example, the
two-dimensional elliptical vowel target for the French vowel
/i/ (as in si ) is superimposed on the outline of a head, to provide
an approximate reference for the articulatory position of the
vowel target (high—front in the vocal tract). The location of the
student’s attempt in relation to this target is marked by the tip
of a stylised dart (extending the ‘target’ analogy). In this exam-
ple the student has missed the target — the token is slightly low
and too far back. The system informs them that this is the case
(“You missed the target. Try again™) and the student can repeat
the process at will. At present no diagnostic information on the
nature of the student’s error is given: the student uses the posi-
tion of the dart in relation to the target in a “biofeedback loop”
to correct their pronunciation.

This interface is currently being integrated into a set of teach-
ing modules for vowels, using the DELTA teaching paradigm
developed on the project [2]. This paradigm includes tests of
students’ perception of vowel contrasts, as well as production
tasks and instruction. Ways in which students can be told how
to modify their vowel performance will also be investigated as
part of this courseware implementation.

5. EXTENSION TO OTHER VOWELS

The development of teaching modules for vowels has so far
been restricted to the pure non-nasal vowels of the three lan-
guages. Future developments in the SPELL system will need
to consider the suitability of the approach adopted (in termas of
both the analysis system and the nature of the feedback to the
student) for teaching nasal vowels, front rounded vowels and
diphthongs.

The teaching of the pronunciation of nasal vowels in French
presents problems primarily in the analysis. The LPC model
used is inherently unsuitable for the detection and measure-
ment of nasality, since it is unable to model the extra reson-
ances and anti-resonances introduced into the spectrum by
nasal coupling. The accompanying shifts in the frequencies of
the “oral” vowel formants [1] also make it difficult to display
the student’s nasal vowel tokens alongside their corresponding
oral vowels using the two-dimensional feedback described
above. Alternative forms of analysis and feedback will there-
fore be investigated, including the use of the HMM segmenter
with suitably trained Acoustic Phonetic Units to make cat-
egorical decisions.

A similar display problem affects the feedback used for teach-
ing front rounded vowels and their non-rounded counterparts
in French. The addition of lip-rounding accompanied by lip
protrusion, as in French [5], produces an effective lengthening
of the vocal tract and a consequent lowering of formant fre-
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quencies [8]. As a result, front rounded vowels appear to oc-
cupy a more central position on two—dimensional acoustic dis-
plays of the sort used here (cf. [4]), even though there may be
no shift in tongue position. A way of representing this third di-
mension independently of the underlying tongue position is
therefore being sought.

The third issue to be addressed is the analysis of diphthongs for
English and Italian, and the detection of diphthongisation in the
pure vowels of Italian and French. This issue introduces the
problem of analysing and displaying dynamic vowel targets
with what is currently a static vowel teaching system. One
possibility for the detection of diphthongisation may be to
adapt the existing steady—state finder [14] to locate the region
of greatest change rather than the region of greatest stability; a
threshold on formant movement within this region could then
be applied (see for example [15]).

6. CONCLUSION

This paper has described in detail the treatment of vowels with-
in a system for teaching pronunciation skills to foreign lan-
guage students. Working vowel analysis modules, using tech-
nigues of formant analysis and between-speaker
normalization, have been constructed, and target materials for
pure oral vowels in English, French and Italian have been pre-
pared from recorded speech data. These targets are used to pro-
vide graphical feedback, which is being incorporated into a set
of courseware modules for teaching vowel pronunciation in
terms of both perception and production. Extensions of the
analysis and feedback systems to nasal vowels, front rounded
vowels and diphthongs are currently being examined.

A series of student evaluations is planned in the near future, to
test all aspects of the system. For the vowel analysis, particular
attention will be paid to the usability of the graphic interface
and feedback, the validity of the vowel targets presented, and
the desirability of including additional diagnostic information
and corrective advice.

Note: this project is supported by the European Community’s
ESPRIT program, under Contract Nos. 5192 and 7153.
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