MACRO AND MICRO FEATURES FOR AUTOMATED PRONUNCIATION
IMPROVEMENT IN THE SPELL SYSTEM!

Edmund Rooney”, Steven Hiller", John Laver®, Maria-Gabriella Di Benedetto™*

"CSTR, University of Edinburgh; **INFOCOM Dept., University of Rome

ABSTRACT

The analysis of macro (prosodic) and micro (scgmental) fea-
tures is described for a workstation designed to improve the
pronunciation of English, French and lalian by non-native
speakers. The SPELL workstation is intended 1o be a teaching
device aimed at intermediate ability foreign language Icamners.
Audio and visual aids will be used to help students improve
their general intelligibility within a basic lcaching paradigm
callcd DELTA (Demonstrate, Evaluate Listcning, Tcach and
Assess). Prosodic analysis will apply to the features of intona-
tion, stress and rhythm. A phonological approach is uscd for in-
tonation which provides a well-structured system of contrast-
ing units that corrclate with discrete linguistic functions. A
more limited approach to the prosodic phonology of stress and
rhythm will be taught in the SPELL systcm by manipulating
vowcl quality and segmental duration. The micro feature analy-
sis will focus on vowel contrasts, using a distinctive feature ap-

proach to characterize non-native vowel pronunciation. -

Acoustic propertics arc sought which will be spcaker-inde-
pendent.

Keywords: Computer-aided Language Leaming; Pronunci-
ation; Prosody; Articulatory Phonetics; ESPRIT

1INTRODUCTION

SPELL (Intcractive System for Spoken Europcan Language
Training) is atwo ycar ESPRIT project whichbeganin Septem-
ber 1990. Its main aim is the devclopment of 10ols to be used
in the automated assessment and improvement of non-native
language pronunciation. This is a feasibility study involving
English, French and Italian which will lcad to aninitial demon-
Strator system. The technical objectives of the project arc to de-
velop methods for analyzing the characteristics of spcech pro-
duced by non-native specakers, 1o dcvelop metrics for
identifying diffcrences between a non-native spcaker’s pro-
Nunciation and a model offcred by the system, and to provide
uscr friendly fecdback which will help to improve pronunci-
ation.

The macro features section of the SPELL project covers the
Prosodic parameters of intonation, stress and rhythm. A unify-
Ing analytical approach for intonation is devceloped for the three
target languages, making usc of the concepts of pitch anchor

points and pitch trajectories. A more limited approach to the
prosodic phonology of stress and rhythm will be taught in the
SPELL system by manipulating the acoustic features of vowel
quality and segmental duration. The micro features section fo-
cuses on the segmental class of vowels using a distinctive fea-
ture approach to characterize non-native vowel pronunciation.

The main technical innovation behind SPELL is the departure
from the traditional practice of whole utterance matching used
when teaching pronunciation. Instead, well-founded phonetic
and phonological principles will be applied to teaching selected
aspects of English, French and Italian pronunciation.

2 A GENERAL DESCRIPTION OF THE
SPELL SYSTEM

2.1 Some Basic Assumptions

The SPELL workstation will be an autonomous tcaching sys-
tem for use by intermediate ability foreign language speakers
without sophisticated linguistic or phonetic knowled ge. Visual
displays will help students to master relevant concepts without
requiring expert knowledge, while audio aids will cnable them
to listen to the pronunciation of items of interest and will syn-
thesize intermediate or exaggerated targets to attract the stu-
dent’s performance into the required zone of acceptability. A
minimat set of fully—defined courseware will be developed in
key areas for the demonstrator system. Intelligibility will be
used as the criterion for improvements in pronunciation, since
for the majority of students improvement in intelli gibility is a
more practical objective than the acquisition of fully native pro-
nunciation (see, for example, Harmer, 1983; Madsen, 1983).

2.2 The Development of SPELL Courseware

The use of teaching courseware provides dirccted instruction to
the student, allowing better predictions to be made about the
student’s performance, and enabling a proper evaluation of the
system itself as a teaching aid. The typical aspccts common 1o
many forcign language teaching practices can be summarized
in a paradigm called DELTA, which will be uscd o structure
the courscware designed for the SPELL workstation:

Demonstrate — Audio demonstrations of various utlcrances
are used 1o highlight the pronunciation features of interest.

Evaluate Listening — Small listening tests are completed by
the student to evaluate his or her ability to perceive the pronun-
ciation features of interest.
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Teach— The pronunciation featurcs of interest are taught, with
quantitative feedback for the student and dircctions for modify-
ing inadcquate performances.

Assess — A formal cvaluation of the student’s ability to pro-
nouncc the fcatures of interest is made.

In addition to the DELTA paradigm, a fullcr assessment of pro-
ficicncy can be given 1o the students after scveral lessons (C.g.
using standard language proficiency tests such as the cloze
test). to cvaluate their gencral performance in using the work-
station.

2.3 Design Considerations in the Development of the
SPELL workstation

1. Integration of macro and micro features in language use,

A uscful pronunciation-tcaching system cannot rcly solcly on
the teaching of phonemcs in isolation, nor on dircct imitation
of target utterances. For cxample, the ability to mimic a given
pitch contour exactly docs not guarantee any gencralization of
pitch usc for intonation within a language, sincc the linguistic
relevance of the contour springs partly from its integration with
the scgmental performance and partly from its relative place-
ment in the pitch range of the speaker concemned. It is therefore
morc desirable to concentrate on getting the student to imitate
morc abstract aspects of the contour such as its overall shape
and the location of any pitch fcaturcs. Accurate featurc analysis
will depend on the location of phonetic scgments within an ut-
terance produced by a student. Therefore, an automatic SPELL
scamentation program is being developed forapplication to the
speech signal prior to feature extraction and analysis.

2. Ability 1o handle pronunciation crrors

The SPELL system must be able to dcal with a variety of pro-
nunciation errors produced by non-native speakers (c.g. sys-
temic, structural and realization errors). Careful construction of
tcaching materials can limit the types of error which might oc-
cur, but some will remain. The SPELL scgmenter has therefore
been designed with a scgmental transition nctwork which in-
cludes the more predictable types of error occurring between
two given languages.

3. Importancc of appropriatc fecdback

The appropriatc feedback will have to be provided by the
SPELL workstation for the user. Quantitative feedback may be
appropriate for vowel quality contrasts, whereas diagnostic
feedback with instructions for improvement is appropriate for
prosodic fcatures. It should be emphasized that the fecdback to
a SPELL uscr will not be expressed in terms of cxplicit linguis-
tic or phonctic conceplts.

3 THE ANALYSIS OF MACRO FEATURES
IN TIHIE SPELL SYSTEM

3.1 Definition of Macro Features

Macro or prosodic features arec those which operate over
stretches of speech longer than the single segment or phoneme,
and here include intonation, stress and rhythm. Intonation is
generally defined as the manipulation of pitch for linguistic and
paralinguistic purposes at a level above that of the segment.

Stress is the term used to refer to a number of ways in which
certain syllables are made more prominent than surrounding
syllables. The rhythmof anutterance is given by the pattcming
in time of the segments, syllables and stresses.

3.2 Phonological Approaches to Intonation

It is not possible to teach intonation simply by direct imitation
of target utterances, since actual pitch contours can vary enor-
mously; what the pupil requires is a pattern or model which can
be generalized to other utterances of the same type or for the
same purpose, and the ability to choose from a set of such mod-
els to convey contrasts of meaning or emphasis.

Comparing intonational systcms amongst the three targct lan-
guages in terms of their phonology is quite difficult given the
varying depth of treatment and the differing approaches to the
problem in the published literature. Some general principlcs are
clearly common to all three languages. Firstly, pragmatic lin-
guistic functions such as statements and questions are differen-
liated by opposing pitch movements (e.g. falling versus rising
pitch). Secondly, pitch movements are rclated to rhythmical
structure by the marking of accented syllables. Finally, intona-
tional pitchmovements are anchored to the segmental structure
of the utterance.

The major difference in terms of phonology between English,
French and Italian is the extent to which the intonation contour
is treated as a structural chain withelements of choice at certain
locations. In French, the choices within the contour are very
limited with the whole contour being treated as a single “tune”
(scc, for cxample, Leach 1988). Italian is slightly morc com-
plex in that the contour can be subdivided into a chain but with
alimited choice of clements. In English, the contour can be sub-
divided into a very complex chain with many choiccs at various
locations (see, for example, Halliday 1973). A practical ap-
proach to describing and teaching intonation has becn adopted
to overcome these differences in phonology between the three !
languages, as discussed below.

For each language, the discussion will be limited to the two pri-
mary intonation functions which will provide significant cov-
crage for Icamers: statements/wh—qucstions (qu—questions in
French and Italian) and polar (“yes/no”) questions.

-

3.3 The Analysis of Intonation

In this analysis, particular attention is drawn to two notable fea-
turcs which characterize intonation contours. The first feature
is called apitch anchor point, which specilies a segmental loca-
tion within an utterance (usually a syllable) that has a signifi-
cant pitch event attached to it. The second feature is a pitch tra-
Jjectory, whichdescribes the path taken by an intonation contour
between two pitch anchor points. The use of such contour fea-
turcs simplifies the task of teaching intonation and allows the
phonological features of all thrce languages to be described us-
ing a common tcrminology.

According to Vaissiére (personal communication), French in-
tonation is bascd on unitary pitch contours (or “‘tunes”). Tune
1 is used for declarative statements, qu-questions and inveried
polar questions while Tunc 2 is for non—inverted polar ques-
tions. Figure 1 displays schematic representations for the two
French tunes to be taught as part of SPELL prosodic fcaluf?«
Both tunes have a single intemal anchor point located by ruic.

A tune analysis is also appropriatc for Italian intonation (c-
Chapallaz (1979). Tune 1 is the usual intonation for statcm



Tune 1 //1 Avez vous du fromage?//
Tune 2 //2 Vous avez du fromage?//

Figure 1. Schematic representations of the two primary
tuncs for French intonation, with the intemal pitch anchor
points underlined.

(u—ucstions, commands and exclamations. Tune 2 is the typi-
cal intonation for short, introductory non-final statements and
polar questions. These two tunes are generally similar in struc-
turc and differentiated by the final movement of the contours.
Figure 2 displays schematic representations for the two Italian
tuncs choscn for the SPELL demonstrator. Both tuncs arc
broadly shaped by threc pitch anchor points, onc located on the
first and two on the last stressed syllable.

Tune 1 //1 E’il p_rimo anno che studi l‘ing_lc_sc.//
/ X_
Tune 2 /72 E'il primo anno che studi l'ing_lssc?//

Figure 2. Schematic representations of the two primary
tuncs for Italian intonation, with the intemal pitch anchor
points underlined (multiple anchor points within a single
syllable arc marked by double underlining).

English cxhibits the greatest complexity inits structuring of in-
lonation, and a more abstract analysis, in tcrms of the choice
and placement of a nuclear tone with associated pre-tonic and
post-tonic contours has becn adopted (Halliday 1973).

Hallidays primary Tones 1 and 2 have becen sclected since they
providc a substantial coverage of intonational uscs within En-
glish. Tone 1 (high fall 1o low) is usecd for declarative state-
ments, wh—questions and imperatives, Tone 2 (risc from low to

high) for polar questions and certain other attitudinal informa-
tion.

Inorder to simplify the teaching task, onc sct pre—tonic contour
for cach tone will be taught to the student lcaming English; the
Post-tonic choice of pitch pattem is in any casc completely pre-
scribed. Figure 3 displays schematic representations for the two

Chqscn English tones, with their associated pre-tonic and post—
lonic contours.

3.4 Stress and Rhythm

In most Europcan languages, including English, French and
lalian, sress or salicnce is marked acoustically by modulation
°f0l_lc ormore of the paramcters of fundamental frcquency, in-
|Cnsu_\.v. duration and scgmental fcaturcs. Control of rhythmic
lsllcrﬁ;; llS qurc;\l§ig|1iﬁcancp for !’orcignlanguagc leamers, par-
8)'llabrl ¥ in English and Italian, since the occurrence of stressed
isi ¢sisoncof lhc_: factors which gives them their charagter-

¢ rhythm. In addition, centain stressed syllables constitute
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Tonel //1 Whydon't youcome tothe

cinema with me?//

Tone 2

Figure 3. Schematic representations of the two primary
tones and associated pre— and post-tonics chosen for Eng-
lish intonation. Double underlining is used for the tonic syl-

lable, indicating that it has two anchor points.

the anchor points for the pitch movements on which intonation
depends. In both languages the differences between stressed
and unstressed syllables are quite marked. French, in contrast,
lacks the apparently regular recurrence of stress beats which
characterizes the other two rhythmic systems, and the distinc-
tion between stressed and unstressed syllables is not as marked
(Tranel 1987).

A useful approach to rhythm is proposed by Dauer (1983). Dau-
er suggests that languages should be considered as being more
orless “stress-based” according to their tendencics on parame-
ters such as syllable structure, the nature of stress and the usc
of vowel reduction (sce Figure 4). Thus, English is at one cx-

STRESS-BASED

SCALE
LEAST MOST
< >
French Italian English

Figure 4. Degrees of dependence on rhythmic stress follow-
ing Daucr (1983).

treme of the “stress—based” scale: it marks the distinction be-
tween stressed and unstressed syllables quite strongly, typically
with changes in the duration of the stressed vowel and the loca-
tion of a pitch movement in the intonation contour, while the
quality and duration of unstresscd vowels are reduced. Italian,
while also stress—based in that it marks stress strongly with du-
ration and pitch, does not centralize its unstressed vowels, and
has a perceptibly different rhythm from that of English. French,
whichiis placed towards the bottom of the stress—based scalc by
Dauer, minimizes any durational or qualitative difference be-
tween stressed and unstressed syllables, and the absence of
vowel reduction produces a rhythm entirely different from that
of Italian and English.

Significant improvements in the rhythmic quality achieved by
leamers of these three languages may be possible simply by
concentrating on a small set of acoustic parameters. Leamners
of English should be encouraged to produce vowels with re-
duced duration and centralized quality. Leamers of Italian
should aim to contrast duration but kecp vowel qualities uncen-
tralized. Finally, lecamers of French must avoid any reduction
in duration or vowcel quality. The remaining acoustic correlatcs
of stress (i.e. fundamental frequency and intensity) are not con-
sidered since these featurcs are difficult to relate to stress and
rhythm, and they are used for stress marking for all three lan-
guages.



4 THE ANALYSIS OF MICRO FEATURES
IN THE SPELL SYSTEM

The micro or segmental feature analysis is focussed on the
tcaching of vowel contrasts for the initial demonstrator system.
The first main area of rescarch addresses the charactcrization
of non-native vowel production in terms of the distinctive fea-
tures of the target language. The second seeks an acoustic repre-
sentation of vowels which is indepcndent of the speaker, to al-
low between-speaker and cross—-language comparisons.

4.1 Characterization of non-native vowel production.

For the initial demonstrator system, only the most common er-
Tors in non-native vowel pronunciation are being considered.
For non-native speakers of English, these include the tense/lax
high vowel contrasts /{ ~1/and /u~u/, and the front-back dis-
tinction for the English low vowels /an a/. Major problems for
non-native speakers of French are the production of nasal and
front rounded vowels , and the neced 10 avoid the tendency to
diphthongizc pure vowels. French spcakers Icaming Italian
have no major problems, since all Iialian vowels have corrc-
spondences in the French vowel system. In the casc of native
English spcakers, the main problem is avoiding the diphthon-
gization of the purc vowels.

4.2 Problems of vowel representation

Two problems arise when representing vowels by means of
acoustic paramelters: vowel coarticulation within the produc-
tionof onc speaker and vowel normalization bctween speakers.

The coarticulation effect — the influence of phonctic context on
thcarticulation of avowel - givesrisc to a range of different for-
mant frequency values for a given vowel within the production
of one spcaker, and may cause the acoustic parameters of iwo
diffcrent vowel phonemes to overlap. A given formant pattern
cannot then be identified uniquely. Phonctic context must
therefore be held constant when vowels are being compared.

Comparisons between the vowels of two different speakers
give rise to the problem of vowel normalization, since the same
vowel phoneme may have a different acoustic realization for
two speakers owing to the differcnces in their vocal tract shape
and dimensions. This normalization can be achicved by consid-
cring the normalized bark—scaled difference valucs using the
firstthree formants and the fundamental frequency (e.g. F1-FO,
F2-F1, P3-F2 as suggested by Syrdal and Gopal 1986), or by
obtaining a representation of the spcaker’s peripheral vowels
/1,a,u/during alimited training phase (scc c.g. Minifie 1973).

The multi-lingual basis of the SPELL project brings a third
problem: the nced to compare vowel articulations across lan-
guages. Two questions are under investigation: (a) whether a
spcaker uscs similar formant frequency values for a foreign
vowel which corresponds to a vowel of his or her native vowel
system; and (b) whether it is possiblc to predict the location
within a speaker’s vowel space of a vowel which docs not exist
in his or her native language.

988

S SUMMARY

The SPELL workstation covers both prosodic (macro) ang sep.
mental (micro) aspects of foreign language pronunciation, In,
departure from traditional contour matching techniques, j; con-
centrates on more abstract representations which arc generaliz.
able by the student. Particular attention is being paid to the seg-
mental alignment of prosodic features and the ability to cope
with predictable pronunciation errors.

SPELL research is now being completed in a number of arcas,
A multi-lingual speech database has been collected and trap.
scribed to SAM standards. Acoustic parameter extraction prp.
grams are being constructed for the features of fundamental fre.
quency, formant frequency and segmental duration, These
features are to be analyzed using a set of SPELL metrics which
are under development. Of particular interest is the SPELL
phonemic segmenter which will provide the segmental .
quence against which the prosodic features are alj gned. Prelim-
inary work has also begun on a user friendly interface for the
SPELL workstation using state—of-the-art window-based
graphical presentations.

The SPELL project is already considering possible extensions
of this technology into other ficlds. The most dircct cxtension
isinto the speech pathology area, particularly for speakers with
articulation disorders. One example would be the assessment
and rehabilitatory treatment of the speech of patients suffering
from dysarthria. Another would be the use of a SPELL worksta-
tion in restoring a degree of intelligibility to the specch of pa-
ticnts who have undergone oral surgery for tumors of the lin-
gual or pharyngeal structures.
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