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ABSTRACT

Pronunciationteachingisanimportantstageinlanguagelearningactivities.Thisarticletacklesthe
pronunciationscoringproblemwhereresearchhasdemonstratedrelativelylowhuman-humanandlow
human-machineagreementrates,whichmakesteachersskepticalabouttheirrelevance.Toovercome
theselimitations,afuzzycombinationoftwomachinesscoresissuggested.Theexperimentswere
carriedinthecontextofAlgerianpupilslearningtoreadArabic.Althoughthenativelanguageof
AlgerianpupilsisadialectofArabic,ModernStandardArabicremainsdifficultforthemwithdifficult
soundstomasterandletterscloseintheirpronunciation.Thearticlepresentsafuzzyevaluationsystem
includingbothoralreadingfluency,andintelligibility.Thefuzzysystemhasshownthatdespitethe
disparitiesbetweenhumanratings,itsscorescorrespondatleasttooneoftheirratingsandmostof
thetimeitsratingsareinfavoroflearners.Therefore,fuzzylogic,morefavorablethanthresholding
systems,encourageslearnerstopursuetheirtraining.
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INTRodUCTIoN

Pronunciationteachingisanimportantstageinlanguagelearningactivities.Advancesinautomatic
speechrecognition(ASR)technology-intermsofmodels,algorithms,portability,etc.-havepositively
impactedtheresearchinseveralfields(formoredetails,see(Bakeretal.,2009)).Particularly,these
advanceshavepromotedthedevelopmentofcomputer-assistedpronunciationlearningsystems(Lee
etal.,2017;Sefaraetal.,2017)andhaveenabledtheautomaticpronunciationassessment(Chen&Li,
2016).AfewlanguageslikeEnglishhavebenefitedfromthistechnologicalaspectbutotherssuchas
Arabicremainpoorlyresourced.Thisworkaimstoalertteachersonpupilswithspecificdifficulties
tocorrectthemearly,italsoaimstogivepupilsadditionaltimeandmorecomfortableenvironment
forpracticingtheirpronunciation.

Overall,researchinComputer-AssistedPronunciationTeaching(CAPT)systemsfollowstwo
directions: the firstone iserrordetection (Huetal.,2015;Leeetal.,2016)while thesecond is
pronunciationassessmentandscoring(Chengetal.,2014;Neumeyeretal.,2000).Inbothdirections,
pronunciationteachingfindsapplicationsinmanyfieldssuchaslanguagelearning(Landinietal.,
2017;Reederetal.,2015)orspeechtherapy(Necibietal.,2013).
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AtypicalASR-basedCAPTsysteminvolvesseveralstagesdepictedinfigure1.Whenthelearner
pronouncesagivenword(oranotherpartofspeech),acousticobservationsareextractedfromthe
incomingsignalandarerepresentedasacollectionofacousticvectors.Afterthat,thesystemforce-
aligns this representation with the model of the correct pronunciation (e.g. native-like). Hidden
MarkovModels(HMMs)arethemostusedmodelstorepresentspeech.

A Hidden Markov Model is a collection of states connected by transitions (transitions are
labeledwithprobabilities).AnHMMbeginsinadesignatedinitialstate.Ineachdiscretetimestep,
atransitionistakeninanewstatewhereanoutputsymbolisgenerated(Rabiner,1989).“Whenan
HMMisappliedtospeechrecognition,thestatesareinterpretedasacousticmodels,indicatingwhat
soundsarelikelytobeheardduringtheircorrespondingsegmentofspeech”(Bahi&Benati,2009).

Intheforce-alignmentstage,thespeechrecognizercomputestheprobabilityp(W|O),whereO
istheobservationrepresentedbytheextractedfeaturesfromtheincomingsignalandWthemodel
ofthewordtopronounce.InCAPTcontext,theacousticalrepresentationoftheincomingspeechis
force-alignedtoHMMs(oneormore)thatmodelstheexpectedpronunciation.Thesystemoutputs
ascorerepresentinghowcloseistheincomingspeechtothecorrectpronunciation.

O’Brienetal.(2019)pointedthat:“Earlystudiesprimarilydealtwithpronunciationassessment
andshowedarelativelystrongcorrelationbetweenhumanpronunciationratingsandmachinescores,”
andexperimentsin(Cucchiarinietal.,2000)haveconcludedthat“raterswhodidnotreceiveany
instructionsontheuseoftheratingscalesmaydifferfromeachotherintheabsolutevaluesofthe
scoresassigned.”Moreover,Luoetal.(2016)observedthat“Manyteachersremainskepticalabout
thefairnessofautomaticscoresgivenbymachinesevenwiththemostadvancedscoringmethods.”

Asfuzzylogicisknowntopromotesoftfrontiersbetweenclasses,itsusewouldmakemore
consensusbetweenexpertswhilestillalertingteachersonpossibledifficultiesofthelearners.To
overcomelimitationsrelatedtotheexperts’ratingdisparitiesandtomaketeachersmorecomfortable
withautomatic scores,wedevelopedaFuzzy logic-basedSystem forPronunciationAssessment
(FuSPA).Theresearchquestionis:

CanautomaticscoresprovidedbyFuSPAresemblethoseprovidedbyhumanexperts?
ThisisdonebyevaluatingtheperformancesofFuSPAoncorporalearners’speech.Inthisstudy,

FuSPAisevaluatedinthecontextofAlgerianpupilslearningArabicpronunciation,particularly,to
assesstheirpronunciation.AlthoughthenativelanguageofAlgerianpupilsisadialectofArabic,
ModernStandardArabic(MSA)remainsadifficultlanguageforthemwithdifficultsoundstomaster,
suchaslongvowels.

Figure 1. Several stages in ASR-based CAPT
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