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ABSTRACT

We introducea novel methodto diagnosepronunciationer-
rors that aremostcritical to the intelligibility of L2 learn-
ers. A prelimiary studyshowed that error ratescomputed
by a speechrecognition-basedsystemcanbeusedto char-
acterizeintelligibility . We deducea probabilisticalgorithm
to derive intelligibility from error rates.We alsodefinean
errorpriority function that indicateswhich errorsaremost
critical to intelligibility . Experimentalresultsprovedtheva-
lidity of theapproach.

1. INTRODUCTION

RecentComputer-AssistedPronunciationLearning(CAPL)
research,stirredup by the improvementof computerhard-
ware and Automatic SpeechRecognition(ASR), has fo-
cusedon two areas:evaluationandinstruction.While stud-
ies on the correlationbetweenacousticfeaturesof speech
andhumanjudgementsof intelligibility openedtheway to
automaticevaluationof intelligibility ([4],[2]), innovative
approachesto instructionweredeveloped,usingASRto de-
tect segmentalor prosodicerrors([5],[3]). However, little
hasbeendoneto relateinstructionto evaluationandpro-
vide learnerswith feedbackon which errorsaremostcrit-
ical to their intelligibility . This can result in sub-optimal
learningasstudentsspendtimeonaspectsof pronunciation
thatdonotnoticeablyaffect intelligibility . In thispaper, we
proposeanew methodto assessintelligibility from pronun-
ciationerror ratesandspottheerrorsthat aremostcritical
to eachlearner’s intelligibility .

2. RELATIONSHIP BETWEEN ERROR RATES
AND INTELLIGIBILITY

2.1. Experimental Protocol

We conductedanexperimentalstudyof therelationshipbe-
tween��� selectedpronunciationerrorscommonamongJapa-
nesespeakersof Englishandhumanratingsof intelligibil-
ity. The list of errorsis given in Table1. Subjectswere
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Fig. 1. Error ratesaveragedfor eachintelligibility level.

16Japanesestudentsanduniversitypersonels.Werecorded
their readingof apassagedesignedfor pronunciationevalu-
ation[6]. The recordingsweresentto a qualified linguist
who ratedeachsubject’s intelligibility from 1 (hardlyintel-
ligible) to 5 (perfectlyintelligible). Pronunciationerrorsin
therecordingswerethendetectedusingASR,andeachsub-
ject’s errorrateswerecomputed.We computedtheaverage
error ratesof subjectsof eachintelligibility level. Figure1
shows theerrorratesof the5 levels.

2.2. Results

Figure1 shows that theway error ratesvary accrosslevels
dependson the error. Threetypesof errorscanbe distin-
guished.

2.2.1. Phonemic substitutions and deletion

For theseerrors(number1 to 4), which concernphonemic
substitutionsanddeletion,only level-5 studentshave a low



Table 1. Errorsdetectedby thesystem

Number Description Exampleword Erroneouspronunciation
1 Word-initial w/y deletion would u � d
2 SH/CHsubstitution choose � u � z
3 ER/A substitution paper p e� p � :
4 R/L substitution road l o 	 d
5 Vowel non-reduction student s t j u � d en t
6 V/B substitution problem p r � v l 
 m
7 Word-finalvowel insertion let l e t � :
8 CCV-clustervowel insertion study su t � d i
9 VCC-clustervowel insertion active � k u t i v
10 H/F substitution fire h a�

��

error rate1 . Theotherstudentshave anerror rateof about
10 to 30% greaterdependingon the error. The error rate
amongstudentsof level 1 to 4 areequivalent.

2.2.2. Vowel non-reduction

Thiserror(number5)dividesthestudentsin 3groups:level-
1 studentshave a 90%errorrate,level-2 to 4 studentshave
a 60-70%error rateandlevel-5 studentshave a 40%error
rate.

2.2.3. Vowel insertion, H/F, V/B substitutions

For theseerrors(number6 to 10),syllablestructureandtwo
consonantcontrasts(/v-b/ and/h-f/) areconsidered.Level-
1 studentshavecomparatively largeerrorratescomparedto
all otherstudents.Level 2 to 5 studentshavea similarerror
rates.

2.3. Linguistic Interpretation

Theseobservationsshow thatmasteringsuchaspectsof pro-
nunciationasconsonantclusters(affectedby vowel inser-
tion) or vowel reductionis necessaryto reachevenaverage
levels of intelligibility . On the contrary, phonemicaccu-
racy, exceptfor thetwo pairsH/F andV/B, doesnotprevent
speakersto belargelyintelligible (level � ). Theseresultsare
consistentwith thepositionof mostrecentlinguistsregard-
ing theteachingof pronunciation[1]. Errorssuchasvowel
insertionandnon-reduction,which arerelatedto prosodic
featuressuchassyllablestructureandstressareconsidered
to be morecrucial to intelligibility thanpurely segmental
errors.

1For all errorsexcepterror6 (������� � ), all differencesbetweenaverage
errorratesaresignificantat the ��� ��� level.

3. INTELLIGIBILITY ASSESSMENT

3.1. Probabilistic Models

Basedonthefindingspreliminarystudy, weproposeaprob-
abilistic approachto intelligibility assessment.Given the
observederrorrates� , ourgoal is to obtaintheprobability
thatthelearner’s intelligibility level is ��� �
�"!$#�%'&(& )+* . These
probabilities(noted ,.-/�10 �32 ) canbecomputedusingBayes
formula:

,.-/�10 �32546,.-/�728,.-9�.0 � 2 (1)

where ,.-/�72 is theratio of level-� studentsin theconsidered
populationand ,.-9�.0 � 2 the probability distributionsof the
error ratesfor level-� speakers.Underthe assumptionthat
all errorratesarestatisticallyindependentgiven the intelli-
gibility level, theoverallprobabilitydistribution is givenby,.-9�.0 �72;:=<?>@,.-/A > 0 � 2 . We modeleach ,.-/A > 0 �72 by a Beta
distribution,definedon B CD��%1E by:FHG(IKJ L9M -ONP2Q:6RS-9TP�VU127N G(I�WHX7M -7%ZY[NP2 G\L7WHX7M

(2)

where T and U areparametersand RS-OTP��U12 is a normalizing
constant.Parametersarecomputedusingdataratedfor in-
telligibility by a humanjudge. Combiningequations1 and
2 leadsto thefollowing formulafor theprobabilityof level� :

,.-O��0 �32Q:6]_^ > FHG(IKJ L9MO`ba c -/A > 2 (3)

where ] is a normalizingconstant.We definetheintelligi-
bility scoreastheexpectedvalueof thelevel:

d :fehgi� ,.-/�10 j52 (4)

Thus,thescorecantakeany valuein therangeBk%'��)KE .



3.2. Evaluation

3.2.1. Speech data and intelligibility ratings

Weevaluatedthealgorithmondatacontainingbothreading
passagesand preparedoral presentationsby a total of 42
Japaneseuniversitystudents.Eachsubjectwasratedfor in-
telligibility by 3 associateprofessorsof EnglishatJapanese
universities. nter-ratercorrelationsweresurprisinglylow,
even after normalizingthe scoresto compensatefor indi-
vidual raters’bias( lhm n in average).We suspectthatthis is a
consequenceof thedifferencesin the typeof data(reading
or speech)andthe lack of trainingof theratersto this par-
ticular task. Therefore,evaluationwasconductedon each
raterseparately.

3.2.2. Closed evaluation

We trainedthemodel(i.e. computedtheerrorratedistribu-
tions for eachlevel) on thewholesetof speakersandesti-
matedthe level of eachspeaker. Thecorrelationsbetween
the eachrater and the correspondingmachinescorewere
respectively lDmporq , lhm s't and lDmpors , confirmingthevalidity of
theapproach.

3.2.3. Take-one-out evaluation

In this case,we trainedthe model using 41 subjectsand
estimatedtheintelligiblity of theremainingsubject,andre-
peatedthis42times.Correlationsweremuchlower, respec-
tively lDmvu'w , lDmvuyx and lDm tzo . Wethink thatthehighvariability
of theevaluationdatais partly responsiblefor theseresults.
The fact that somelevels weregiven to very few subjects
( {|t ) tendsto increaseeachspeaker’s weight in the prior
distributionsanddegradetheperformanceof thesystem.

3.2.4. Improvements of the model

To compensatefor theseweaknessesof the data,we tried
two approaches:usinga probabilisticmodelof error rates
and constrainingthe error rates’ probability distributions.
In theformercase,insteadof consideringtheerrorrateasa
deterministicvariable,we modelit by a belief distribution
on } lD~��1� whosemeanis themeasurederrorrateandwhose
variancedependson the numberof observed patterns(the
moreobservations,thesmallerthevariance).We usedBeta
densityfunctionsto modeltheseaswell. Calculusyieldsan
exact formulafor �.�O�1� �3� aswell, which replacesequation
3:

�.�O�1� �3��� �$�.�O�7�h�8��� �O� ��� �z�� ~�� �Q� ���� �
� �9� � ~�� � � (5)

where� �� and � �� aretheparametersof thebeliefdistribution.
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Fig. 2. Correlationcoefficientsoncross-validation

The secondimprovementis basedon the assumption
thatall errorratesmustdecreaseasintelligibility increases.
We apply this by constrainingthe ratesof eacherror to be
on a decreasingsigmoid function of the level, insteadof
computingtheexactaveragefrom thetrainingdata.

The resultsof thesemodificationsare summarizedin
Figure2. Both modificationsslightly improved the corre-
lations,the bestresultbeinganaveragecorrelationof lhm n ,
obtainedby combiningthetwo.

4. DIAGNOSIS OF CRITICAL PRONUNCIATION
ERRORS

To determinewhich errorsshouldbe studiedby a given
learner, we definethe priority �5�(�'~��7� of error � at level �
asthedifferencebetweenthelearner’serrorrateandtheav-
erageerrorrateof level-� students,thatis:

�5�k��~�� ���i� �Z��� � ��� �k�7�1���b P¡P¢�£/¤r¥�� ¦r£O¢
(6)

Thepriority �5�k�z� of error � is definedastheexpectedvalue
of eachlevel’spriority:

�5�k�z�Q�f§h¡i�.�O�1� �3�7�5�k��~8�7� (7)

Figure3 givesanillustrationof how errorpriority is af-
fectedby the overall intelligibility of the student. In this
example,we considera studentwhoseerror rateon error
9 (vowel insertionin VCC clusters)is lhmk�Ku . Circlesrepre-
sentstudentsfrom the trainingsampleandthe dashedline
connectstheaveragevaluefor eachintelligibility level. The
distancebetweenthehorizontalline andthedashedline rep-
resentstheabsolutevalueof thepriority for this level. Pri-
ority is negative for level 1 (thestudent’s rateis below the
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Fig. 3. Averageerror ratesandpriority for VCC vowel in-
sertion(becausesomepointsaresuperimposed,lessthan16
pointsappear).

average)andpositive for all otherlevels.Thus,this erroris
likely to beproposedfor studyif thelearner’s intelligibility
level is 2 or more,becausespeakersof theselevelsusually
masterthis error. On theotherhand,if thelearner’s level is¨
, othererrorsaremorelikely to beproposedfor study.

We computederrorprioritiesfor the16 speakersof the
preliminaryexperimentandfoundthatthey agreedwith our
own impressionof the strengthsand weaknessesof each
speaker. To conductaformalevaluation,wehavedeveloped
aprototypeCAPLsystemthatusesthealgorithmspresented
in this paper. Usingthisprototype,wehopeto demonstrate
the validity of this algorithm and its applicability to real
world situations.

5. CONCLUSION

We proposeda probabilisticmethodto assessnon-native
speakers’ intelligibility . Our approachyields an explicit
modelof the relationshipbetweenintelligibility anderror
rates. We showed that it canbe usedto provide meaning-
ful feedbackto the learnerson their strengthsand weak-
nesses.Althoughperformanceneedsto beimprovedbefore
realworld applicationscanbedeveloped,thepromisingre-
sultswereobtained,whichcouldfind applicationsin CAPL
systems,andmoregenerally, IntelligentTutoringSystems.
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