AUTOMATIC DETECTION OF PROMINENCE (AS DEFINED BYLISTENERS� JUDGEMENTS) IN READ ALOUD DUTCH SENTENCESBarbertje M. Streefkerk, Louis C.W. Pols, and Louis F.M. Ten Bosch1Institute of Phonetic Sciences, University of Amsterdam, Herengracht 338, 1016 CG Amsterdam,The Netherlands, barber@fon.hum.uva.nl1Lernout & Hauspie Speech Products N.V., BelgiumABSTRACTThis paper describes a first step towards the automaticclassification of prominence (as defined by naive listeners).As a result of a listening experiment each word in 500sentences was marked with a rating scale between �0� (non-prominent) and �10� (very prominent). These prominencelabels are compared with the following acoustical features:loudness of each vowel, and F0 range and duration of eachsyllable. A linear relationship between the rating scale ofprominence and these acoustical features is found. Theseacoustical features then are used for a preliminary automaticclassification to predict prominence.1. INTRODUCTIONFor various speech technology applications it is necessary toknow which acoustical features play a role in the perceptionof prominence. For speech synthesis the application ofprominence is demonstrated in the research of Portele andHeuft [1]. This prominence-based approach turns out to be auseful interface between linguistics and acoustics. Mayer [2]suggests using prominence of words to disambiguatesentences in which the pronominal reference is unclear. Inthis kind of ambiguous sentences the notion of pitch accentsis not enough for disambiguation. This underlines thatprominence and its realization in the speech signal can beuseful in speech synthesis and speech recognition, especiallyin applications where ambiguous sentences occur.In natural speech the relationship between prominence andcertain acoustical correlates, such as F0, duration andintensity, is complex. Much is known about the acousticalcorrelate F0 and its close relation to pitch accents, much lessis known about other acoustical correlates such as intensityand duration. Also less is known about the variabilitywithin and between speakers to emphasize words in fluentspeech. In this paper we present, next to F0, some acousticalmeasurements on duration and intensity and its relation toprominence.Despite the fact that prominence can be useful as an interfacebetween acoustics and linguistics, prominence is not a verywell defined term in literature. However, a common definitionof prominence is that it refers to those words or syllables thatare perceived as standing out from their environment. Or toput it in another way: prominence refers to a greater perceivedstrength of words in a sentence [3, 4]. Therefore, in this studyprominence was defined through judgments of naivelisteners, who were instructed to mark all those words theyperceived to be spoken with emphasis.In this paper we first describe the speech material used,followed by the design, procedure and results of the listeningexperiment to define prominence. Next we outline thepreprocessing of the sentences and go in to the acousticalmeasurements, and discuss them as well as their relation toperceived prominence. Finally, we present some initialresults of the automatic classification to predict prominence,by using the acoustical measurements as input features to aneural net classifier.2. THE SPEECH MATERIALThe 500 read aloud Dutch sentences used in this study weretaken from the Dutch Polyphone Corpus [5], which wasrecorded by SPEX and KPN (Leidschendam). This largespeech corpus contains the speech of 5000 Dutch speakerswho had to read aloud, among other things, 5 phoneticallyrich sentences, which were recorded over the telephone. Thisspeech material, with its high speaker variability, ischaracteristic of many speech technology applications. Forthe listening experiment 500 different sentences spoken by100 different speakers, 50 male and 50 female speakers, wereselected. All 5 phonetically rich sentences per speaker wereincluded. On average the 500 sentences contain 10.4 wordsper sentence. Because the sentences were read aloud withoutany specific context the words which stand in focus were notretrievable. This could be a complicating factor for furtherresearch.3. LISTENING EXPERIMENT FOR INITIALLABELINGIn our approach we deliberately use naive listeners (10) withthe aim to get for each word a label of prominence. Eachlistener has to mark for all 500 sentences those word(s)which are spoken with emphasis. This instruction is used asan operational definition of prominence. The cumulative scoreover all 10 listeners is an indication how prominent a givenword is. As a first step the words with a prominent score of(8, 9, or 10) are defined as the prominent words and the wordswhich were never marked as being spoken with emphasis asthe non-prominent words. Another possibility is, to treat thecumulative score of the 10 listeners as a rating scale ofprominence where �0� means non-prominent and on the otherend of the scale �10� means very prominent.

3.1. Procedure and Design500 phonetically rich sentences spoken by 50 male and 50female speakers are presented to 10 listeners To test howconsistent the listeners were, the first 50 sentences werepresented to each listener twice. Space does not permit us todiscuss the within and between listener differences, but formore details see [6]. The 550 sentences (500 + 50) wererandomly presented in 4 sessions, which differed per listener.The listeners listened through closed headphones. The firsttwo sessions contained 150, and the last two sessionscontained 125 sentences. The 10 listeners were all studentsfrom the Faculty of Humanities at the University ofAmsterdam. The perception experiment was performed on aUNIX workstation. The printed words of each sentence weredisplayed on the monitor with a button underneath eachword. The subjects could click on the button when a givenword was perceived as being spoken with emphasis. Thescores of each listener were automatically stored.3.2. Resulting Labels from the ListeningexperimentIn table 1 the absolute and relative judgements over all 10listeners are presented. Each listener judged the first 50sentences twice, but in this table we only included the 50sentences which were judged the second time, because in thefirst 50 the learning effect may still prevail. In the experiment621 words (303+212+106) were marked as prominent by80% or more of the listeners. This is 11.9% of the totalnumber of words. Because there are, on average, 10.4 wordsper sentence, this results in 1.24 prominent word persentence. Furthermore, it must be mentioned that about half ofthe words (50.6%) are never judged as prominent.Freq syllablesValueFreq.words%LexicalstressNo Lexicalstresstotal0263150.65162585310113576.922641764322464.720230951132214.219530650142424.721535456952665.124441565962735.226042568573466.632657389983035.827745473192124.1183284467101062.094148242total5203100273862709008Table 1: In this table the cumulative prominence judgmentsover all 10 listeners are shown. For example the number 266in the second column means that this is the number of timesthat 5 of the 10 listeners judge a given word as prominent.Furthermore the numbers of syllables with and withoutlexical stress are shown.The acoustical features are measured on syllables and on eachvowel of that syllable, so the prominence values must beassigned to the syllables. (For more details see section 4.)The resulting numbers of syllables specified for lexical stressare also shown in table 1. Lexical stress is defined as primarystress on content words (as looked up in the standardpronunciation lexicon (CELEX)) and no-lexical stressimplies non-primary stress including no stress at all. In theset of 2631 words, which are never judged prominent, only516 of the 3101 syllables are lexically stressed. The relativelow number of syllables in this set of words (3101 syllablesversus 2631 words) shows that most of these words aremonosyllabic.4. PREPROCESSING AND ACOUSTICALMEASUREMENTSBefore the acoustical features can be measured, the phonemeand syllable boundaries of each sentence must be determined.Because the transliteration of each sentence was available itwas possible to look up each word in a standardpronunciation lexicon (CELEX). For each sentence an arrayof all phonemes that occur in that sentence was used to trainan HMM-model on a subset of 4553 sentences from 978different speakers (this are not round numbers because 447sentences were excluded because of bad quality). The trainedHMM-model was used to find the boundaries of eachphoneme in our 500 spoken sentences. Sonorant-rules saythat each syllable consists of one vowel and that theconsonants following that vowel are ordered with decreasingsonority. The farther a consonant stands away from thevowels the lesser the sonority. These sonorant-rules wereimplemented in a program to mark the syllable boundaries.Because there were words which did not behave according tothese rules, the syllable boundaries were also compared withthe boundaries in the CELEX lexicon and hand corrected.With the help of the phoneme label files a syllable label filewith syllable boundaries was created. Since we used alexicon the lexically stressed syllables were also known, andfor the content words these lexically stressed syllables weremarked and added to the label file. A next and final step inpreprocessing the sentences was to connect the cumulativeprominence judgments of the 10 listeners with the phonemeand syllable labeling. In summary the identity andboundaries of the phonemes, the syllables with lexical stressmarkers on content words and boundaries of the syllables, aswell as the prominence labels were available for furtheracoustical analyses.As a first step we decided to measure the following acousticalfeatures.• F0 range per syllable in semitones• Duration per syllable in seconds• Loudness of the vowel in sone corrected for the averageloudness per sentenceBecause the loudness of a vowel is generally responsible forthe loudness of the whole syllable, using only the loudnessof the vowel works better than that of the whole syllable. Theperceived loudness was measured in sone units. This methodtakes into account the filtering by the basilar membrane by using a frequency function expressed in Bark units. Loudnessper vowel is not corrected for the intrinsic loudness as donein Kie§ling [7], this must be a next step in further research.The F0 range is measured per syllable. In future we also intendto use relative acoustic features, by comparison withneighbouring syllables [7]. More specifically we couldcompare the F0 range with the adjacent syllables andcalculate the ratio as done in the research of Wightman andOstendorf [8]. As a third feature the syllable rather than thevowel duration is taken, since no effect was found for vowelduration corrected for the intrinsic duration of each voweltype.4.1. Prominence and Acoustical FeaturesIn order to see the relation between the prominencejudgments of the listeners and the acoustical measurements,three graphs are presented in figure 1. Because the major effectof prominence is in the lexically stressed syllables (see table2) only those data are presented in the graphs in figure 1. Thethree graphs show the prominence labels (0-10) and themedian, the 25 percentile and the 75 percentile values of theacoustical features, namely F0 range, duration, and loudness.The perceived prominence versus the F0 range per syllableand the loudness per vowel show a higher correlation thanthe perceived prominence versus the duration of the syllable(see table 2). This is not surprising if one realizes that finallengthening and speaking rate also influence duration. Itmust be mentioned that Portele and Heuft [1] found a strongereffect of syllable duration versus prominence, but their speechmaterial is only from 3 speakers.To test if there is a linear relation between various acousticalmeasurements and perceived prominence, Spearman�scorrelation coefficients were calculated not just for thestressed but also for the unstressed condition. The resultingcorrelations are presented in table 2. Only for the loudness inunstressed condition no significant correlation could befound.The significant correlations show that there is a positivelinear relation between prominence as marked by listenersand loudness per vowel, F0 range and duration per syllable.In case of duration of lexically stressed syllables the relationis not as strong as in case of loudness and F0 range.ProminenceLexicals t r e s s Y e s N o A l l F0 range0.3890.1240.245Loudness0.3170.0170.151Duration0.1510.1590.228Table 2: Spearman�s correlation coefficients betweenprominence and acoustical features are presented in this table.Only for the loudness in unstressed condition there is nosignificant correlation. For the other acoustical measurementsthere is a significant correlation at the 0.01 level (2-tailed),Despite the fact that there is a linear relation the graphs infigure 1 show that the variability cannot be ignored. Thedifference between the 25 and 75 percentile values is so largethat the automatic classification of non-prominent (0) andprominent (8,9,10) will not be an easy task. For example inthe upper graph where the F0 range is plotted, the 25percentile value at prominence 10 still lies between themedian and the 75 percentile values of prominence 0. Thesame is the case for duration and loudness.

012345678012345678910prominence

range F0 per syllable in semitones

00.20.40.60.811.2012345678910prominence

loudness in sone

00.050.10.150.20.250.30.350.4012345678910prominence

duration per syllable 75% 50% 25%22619524432618351620221526027794Figure 1: The prominence labels and the median, 25 and75 percentiles of the range F0, loudness and duration areplotted in these graphs. The loudness measurementswere corrected for the averages per sentence. Only thedata of the lexically stressed syllables are presented. Thenumbers (N) of syllables or vowels on which the medianand the percentiles are calculated are given in the bottomline.

5. PREDICTION OF PROMINENCEThe measurements described above are not only used toanalyze various relations, but are also used as training andtesting data for predicting prominence. Can a simple netpredict prominence and if so to what extent? The prominencecan be classified at different information levels. The higher thelevel the more information is added to the classifier for theprediction of prominence. The first level is to classify onlywith acoustic information such as intensity, duration and F0.On the second level the speech signal is divided inmeaningful parts and boundaries of the phonemes are addedas a feature. On the third level the syllable boundaries arealso added. On the fourth level the phoneme identity isadded, and on the final level also lexical features such aslexical stress are available for the classification task. Ofcourse it would be ideal for various speech technologyapplications if one could classify on acoustical informationonly. In this paper as a first step the prominence is classifiedwith such information as lexical stress, and phoneme andsyllable boundaries, but the identity of each vowel is not jetused for classification. We use range of F0 per syllable insemitones, duration per syllable, and loudness of each vowelcorrected for the average loudness per sentence. Additionalinformation such as syllable boundaries, phonemeboundaries and lexical information is not presented to the netas an extra input feature, but incorporated in the acousticalmeasurements and in the pre-selection of the input features.As a first step 4 simple artificial neural nets (ANN) withouthidden layer were trained to classify prominent and non-prominent syllables. An ANN without hidden layer can be asgood as a discriminant analysis. For this classification withneural networks we present some preliminary results.Because of the variability in the speech material theclassification was done between non-prominent (0) andprominent (8,9,10) lexically stressed syllables. This resultedin a data set of 516 non-prominent and 554 (277+183+94)prominent lexically stressed syllables, see table 1. Anindependent test set of 140 prominent and 140 non-prominent lexically stressed syllables was randomly selected.The remaining 376 non-prominent and the 414 prominentsyllables were used for training. The percentages correct forthe test set are presented in table 3.ANN without hidden layerF0 rangeLoudnessDurationTest setxxx81.07x72.86x70.71x63.21Table 3: Percentages correct prominence classification ofdifferent ANN�s with different acoustical input features.With all 3 acoustical features the recognition rate came up to81.07 percent correct. The classification with only loudnessor F0 range as input feature reached 72.86 and 70.71percentage correct, respectively Using the duration as onlyinput feature lowered the recognition rate to 63.21percentage correct, as expected, because the correlation ofprominence and syllable duration was lower than thecorrelation of F0 range and loudness.6. CONCLUDING REMARKSIn conclusion, it can be said that prominence, as defined bynaive listeners� judgements, can function as an interfacebetween acoustics and linguistics. As shown in this paperthe complex relation between prominence and acousticalcorrelates can be estimated. It turns out that not only the F0range per syllable has a high correlation with prominence (inlexically stressed syllables the correlation is 0.389), but alsothe loudness per vowel (in lexically stressed syllables thecorrelation is 0.317). In case of the syllable duration therelation towards prominence is not that strong. Notsurprisingly, the automatic classification of non-prominent(0) and prominent lexically stressed syllables (8,9,10) withonly syllable duration as input feature is not as good as theautomatic classification with only F0 range or loudness. Thelow correlation between syllable duration and prominenceand the corresponding low recognition rate can be explainedby the fact that duration is also influenced for example byspeaking rate, by final lengthening and by the intrinsicduration of each phoneme. A combination of the three featuresleads to a recognition rate of 81,07% correct. We will studywhether normalizations at these levels will be possible.Furthermore it is worth mentioning again that the speechmaterial is complex, because of high speaker variability.However, this high speaker variability is the reality for mostspeech technology applications. For a further automaticclassification a thorough analysis and more data are needed.7. REFERENCES1. Portele, T., and Heuft, B., �Towards a prominence-based synthesis system�, Speech Communication,21: 61-71, 1997.2. Mayer, J., Intonation und Bedeutung, Ph.D. Thesis,Phonetik AIMS, Stuttgart, Vol. 3, 1997.3. Ladd, D. J., Intonational Phonology, CambridgeUniversity Press, 1996.4. Terken, J., �Fundamental frequency and perceivedprominence of accented syllables�, Journal of theAcoustical Society of America 89: 1768-1776, 1991.5. Damhuis, M., Boogaart, T., in �t Veld, C.,Versteijlen, M., Schelvis, W., Bos, L., Boves,L.,�Creation and analysis of the Dutch Polyphonecorpus�, Proceedings ICSLP 94 Yokohama, 1803—1806, 1994.6. Streefkerk, B.M. and Pols, L.C.W., �Prominence inread aloud Dutch sentences as marked by naivelisteners� Tagungsband KONVENS-98, Frankfurta.M., 201-205, 1998.7. Kie§ling, A., Extraktion und Klassifikationprosodischer Merkmale in der automatischen

Sprachverarbeitung, Berichte aus der Informatik,Shaker Verlag, Aachen, 1996.8. Wightman, C.W. and Ostendorf, M., �Automaticlabeling of prosodic patterns�, IEEE Transactions onSpeech and Audio Processing, 2: 469-481, 1994.