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ABSTRACT
The aim of the work to be reportéere is toexplore the
utility of prosodicinformation in languagé&entification
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parameter. Ifso, Western Arabic (corresponding to the
dialectalvarieties spoken in the Maghreie. Northern
Africa) should probably beperceived as adistinct

and discrimination tasks. The purpose of this study is to ‘language’' from Eastern Arabic, as spoken inMidgle-
see whether prosodic patterns can be considered as reliabldast.

acoustic cues for the discrimination of Araldialects by

investigating, via a perceptual experiment, if listeners are In this study, we assume, following, among others,

successful in identifying thérabic dialect used by a
speakerwhen they only have access tdundamental

Di Cristo [8], that intonation is encoded asequence of
key-points distributed throughout the ‘Intonation Unit'

frequency, amplitude and some rhythmic characteristics of and that an intonation contour igerceived as an

the original voice signal. Results show thabsodic
cues alone cadistinguish between dialecpairs, since
native Arabic listenersare significantly moresuccessful
in identifying theArabic dialectalvarieties both intheir
natural and synthesized forms and that listeners’
identification rateare higher for the discrimination of
their own dialectal variety when presented under its

interpolation between these points assuggested by
Thorsen [9] : "we anchaour perception of intonational
phenomena on certapoints in the time varyingourse
of pitch and disregardwhat lies between such fixed
points".

Sinceprosody is a supra-syllabghenomenon, it is not

processed form. This perceptual study must be regarded asecessary to specify the pitch-point achsyllable, but

a first steptowardsthe determination of aet ofreliable
cues for the Automatic Identification éfrabic Dialects.
Keywords Language Identification, Prosody,
Perceptual experiment, Arabic dialects

1. INTRODUCTION

It is a common observation that languadssund"
differentnot only becausethey usedifferent inventories
of segments but alsbecause otheir typical prosodic
configurations. The study gdrosodic patternsould then
have a considerablémpact in many practical areas
including speechsynthesis and Automatic Language
Identification (A.L.l.). Unfortunately veryfew studies
have consideredhe role ofprosody as a reliable cue for
language and dialediscrimination [1] ; [2] ; [3]and [4]
none of them dealing with the Arabic language.
Nevertheless, impressionistievidence suggest that
Easternand Western dialectavarieties of Arabic can be
differentiated by their prosodic patterns [5].

Prosodic parameters includestress, rhythm and
intonation. Each cue is aomplex, languagelependant
perceptuakntity expressegbrimarily as the combination
of three acoustic cues : pit¢he. fundamentafrequency
or Fo), amplituddi.e. energy orintensity) andduration.
As far as Arabic language is concerned, recent
experimental studies hawdeterminedthe importance of
Fo and amplitude variations to implemenprosodic
information over thesentence [6]7]. These studietend
to show thateach dialectalvariety develop a peculiar
prosodic pattern by enhancingne particularacoustic

we canassume that the key-points willary from one
language to another and furthermore, since Ardlaitects
exhibit drastically different stress patterns, from areal
dialectal variety to the otherlndeed,the loss of short
vowels in Western Arabicand its consequences on the
prosodic level constitute a majordifference between
Western and Eastern Arabic dialects [12] ; [&8]ich, we
assume, could be by itself perceptually significant for the
identification of Arabic speakers' dialectabrigin

(i.e Western vs Eastern).

The purpose of the studgported here ighus, to see
whether prosody can lmonsidered as eeliable acoustic
cue for the discrimination of Arabic dialects by
investigating, via a perceptual experiment, if listeners are
successful in identifying theialect used by a speaker
when they only have access to the fundamdrgqliency,

the amplitudeand some rhythmiccharacteristics of the
original voice signal.

2. MATERIAL AND METHODS

Two perceptual experimentsere performed : daseline
experiment based onnatural speechwas meant to
evaluate the subjects'knowledge and perception of
dialectal areatharacteristics. Asecondexperimentbased
on speech synthesis was meanetaluatethe reliability
of prosodicinformation for the identification ofrabic
dialects interms of zoneRecordings olunrehearsed but



elicited story-telling were obtainedrom four adultmale
native speakers of Arabicoming from the twomajor
dialectal areas athe Arab World andfrom four different
countries (i.e.Morocco and Algeria, accounting for the
Western zone ; Syria antbrdanrepresenting th&astern
one). Foreach speakers, weselectedsix samples of
speech, yielding a total of twenty-four passages st
to be presentetivice to the subjects so as &valuate
their answers’ coherence. The stimukre presented to a
group of 38adult listenersdivided into two populations.
The first subject-population wasomposed of nineteen
people whom knowledge of Arabic isnited or nil (i.e.
no a priori consciousness oArabic dialectal varieties),
the secondone of nineteen nativepeakers of Western
Arabic for whom dialectal characteristicsshould be
perceptually significant.

To produce aignal in which segmental information has
been removed, we extracted from the original voice signal
the values of Fo and energyery 20ms and usedviatlab
to generate sinusoidal signals having the s&eggiency
and amplitude (i.e. prosody) as the original spestghal.
When there was nfundamentafrequencysignal (i.e. no
voicing) it resulted into silence. In thisay the original
speech signal was converted to a "buzaVing thesame
amplitude,frequency andiming (i.e. relative timing of
voice-on vs. voice off).

In addition we constructetivo training sessionsvhich
included speeckamples from Zxtra speakers ohrabic
Westernand Eastern speakerspoth in their original
unprocessedform and in the processed synthesised
version (synthetic stimuli). The trainingassageplus
instructions followed by the 48 test samples'natural”
then "buzz" formrandomised, werdubbedonto master
stimulus CDsfor presentation to listener€ach test
item wasfollowed by 2 seconds dfilence during which
the dialectalvariety was to bedentified on a formatted
scoring sheet. For both experiments, subjeese asked
to identify thestimuli in terms ofzone (i.e. Western
variety vs. Eastern variety).

3. RESULTS

The resultsaregiven in Figures 1 through A4.isted in
percentage onthe vertical axis are the correct
identification rates obtained by the subjects.

Figure 1 shows the overadicore obtained byhe two
subjects-populations  (i.e. Arabic vs. non-Arabic
listeners) for the first taski.e. identification of Arabic
dialects per zone inaturalspeech We observe 97 % of
correct identification fothe Arabic subjectsand56% for
the non-Arabic ones. These results confirm the
assumption that the linguistic classification of thrbic
dialect area adoptddr the study is significant fonative
speakers onthe basis ofperceptualcues. Statistical
analysis (ANOVA, Fisher'sLSD and one-tailed t-test)
reveal :

» that the scoring differenceisting betweenthe two
populations is highly significant :
Population effect : (F 35 = 259,838, p < .0001) S.

IMayer, M., 1969, Frog, whereare you ? Sequelto a
Boy, a Dog and a Frog. DigBooks for Young Readers,
New-York, 15 pp.

» that thecorrectidentification rate obtained by the
non- Arabic subjects(56%) is highetthan the ratio
1:2 which would be expected by chance (p <,05) S
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Fig.1 : % of Correctdentification for the discrimination of
Arabic dialects in terms ofieographicalzone by thetwo-
subject-populations ilNaturalSpeech

Figure 2 below shows the identificatioate obtained by
the two subjects-populations (i.Arabic vs. non-Arabic
speakers/ listeners) for the second task
(i.e. identification of Arabic dialects per zone in
synthesisedspeech We observe 58 % ofcorrect
identification for theArabic subjectsand 49% for the
non-Arabicones. Statistical analys{&NOVA, Fisher's
PLSD and one-tailed t-test) show :

» that the populationeffect is still significant to
explain the score differences(i.e. Arabic subjects’
correctidentification rateare higher thannon-Arabic
subjects).

Population effect : (Ifl_%) = 4,470, p <.0415) S.

» that thecorrectidentification rate obtained by the
Arabic subjects(58%) is higherthan the ratio 1:2
which would be expected by chance (p <,0020) S.

e that the prosodic criteriondoes not seem to be
‘relevant’ for the non-Arabisubjects whom 49% of
correct answers are not significant.
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Fig.2 : % of Correctdentification for the discrimination of
Arabic dialects in terms ofjeographicalzone by thetwo-
subject-populations iByntheticSpeech



These scores seem to confirm thgpothesis that
prosodic patterns alonkelp for the discrimination of
Arabic dialectal varieties in terms of geographical zones.

Examining therate of correctidentification for each
group of stimuli (western vs. eastern) as obtaineddmh
one of the two subject populationsvealsthat there is
no significant difference between the scorachedor the
recognition of Westernand Eastern varieties in natural
speech for both Arabic and no-Arabic subjects (Fig. 3).
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Fig.3 : % of Correct Identification function of stimubirigin
by the two-subject-populations MaturalSpeech

Nevertheless, as shown in Figure 4 belowestern
Arabic listeners’ rate of identification fotheir own
language area (Westestimuli) underits processed form
is significantly higher than identification of thether
dialectal variety (p < 0,005).
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Fig.3 : % of Correct Identification function of stimubirigin
by the two-subject-populations ByntheticSpeech

4. CONCLUSION

This study on theperceived aregbrosodic characteristics
for vernacular Arabic highlighted the following points :
Speakers / listeners ohrabic are aware of prosodic
dialectal differences and asggnificantly moresuccessful
in identifying the stimuli corresponding to thelialectal
areaeven whenthey only have access tthe prosodic
pattern. These resultshow that they perceive a
particular patternrelated to Western Arabic.Using a
group of middle-eastern subjects should confirmidea
that bothWesternand Eastern Arabic dialectgxhibit
different prosodic patterns.

In this study we have tried to focus attention on rible

of prosodic information for the discrimination Afabic
dialects. In the course of our research we shall attempt to
evaluatethe diagnostic potential ofthis cue for the
automatic identification of Arabic dialects leveloping

a recognition modebased orprosodicinformation. The
combination ofprosodic parameterwith our already
existing phonetic model [14] should increase its
performances.

5. REFERENCES

[1] Ohala, J. & Gilbert J. (1979) Listeners' ability to
identify languages by theiprosody, in Probléeme de
prosodieVol. 2, pp. 123-131, P. Léon & MRossi
(eds).

[2] Maidment J. (1983),'Language recognition and
prosody : further evidenge'in Speech,Hearing and
Language : Work in progress, U.C.L°1npp. 133-141.
[8] Ramus, F., & Mehler, J. (1999 ‘Language
identification with suprasegmental cues: Atudy based
on speech resynthesig'A.S.A. 105(1), pp. 512-521.
[4] Thyme-Gobbel, A. & Hutchins, S. (1999Dn using
prosodiccues in Automatic Languageldentification; in
ICSLP 96.

[5] Barkat, M. (1999), 'ldentification ofarabic dialects
and experimental determination of distinctivaies', in
Proceedings ofthe 19th International Congress of
Phonetic Sciences, San Francisco, USA.

[6] Nejmi H., & Bouziri, R. (1988),L'accent dd'arabe
parlé a Casablanca et Bunis : étude phonétique et
phonologique', inProceedings othe 12th International
Congress of Phonetic Sciences, Aix-en ProveXod5,
pp. 134-137.

[7] Benikrane,T., (1997, 'Intonation in Westerirabic
(Morocco) in Intonation Systems : a Survey Diventy
Languages. CambridgéJniversity Press, Cambridge,
Hirst, D. & Di Cristo, A., (Eds.) pp. 349-363.

[8] Hirst, D. & Di Cristo, A. (Eds.), (1997), Intonation
Systems : a Survey of Twenty Languag&€ambridge
University Press, Cambridge.

[9] Thorsen,N., (1977) 'On the interpretation of row
fundamentalfrequency tracings”, in Actesdes 8emes
Journéesd'Etudessur la Parole,Aix-en-Provence, pp.
175-182.

[9] Haydar, Y. & Mrayati, M., (198p'Etude de
lintonation, la courbe mélodique de phrases de l'arabe
standard, Travaux de I'Institut de Phonétique de
Strasbourg, 117, pp. 75-113.

[12] Marc¢ais, Ph., (1977), Esquisgeammaticaled'arabe
maghrébin,  Librairie d'Amérigue et d'Orient,
Maisonneuve (ed), Paris, pp. 24-25.

[13] Barkat, M., (1999), "Détermination dindices
acoustiquesrobustes pour lidentificationdes parlers
arabes : laispersion vocaliqueomme critere pertinent
de discrimination dialectale”, in Actedes Premiéres
Journéesd'Etudessur ['ldentification Automatique des
Langues, Lyon, F. Pellegrino (ed), [to be published].
[14] Pellegrino, F. & André-Obrecht, R.(1999), ‘An
Unsupervised Approach to Language lIdentification’, in
Proceedings Of ICASSP’99, March 1999, Phoenix.



