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ABSTRACT spectral slope, and duration [7]. Howeveys€ems to be a very
In this paper we present acoustical as well as lexical featuremportant feature to detect the most prominent words. An
for classification purposes of perceived prominence in readadvantage of is that it is more independent for intrinsic
aloud Dutch sentences. Via a perception experiment with 10properties of speectosnds than duration, but the extraction of
naive listeners we derived prominence labels at the word Ievei:0 features from the pitch movements is still a problem.
for 500 sentences. Part of these sentences are used fefherefore, we concentrate on measurements within the syllable.
lexical/syntactical analyses. It turns out that most of the aq for the duration, for example, the vowel identity and final

function words are never perceived as prominent, and thajgqhening are properties that substantially influence the
specific content words namely adverbs, nouns and aOI]ect'veﬁctual duration of vowels and of syllables. This makes it

are almost always percewed_ with some degree of prommenceespecia”y difficult to extract optimal features for prominence
whereas verbs form a middle class. So we decided todetection
concentrate on the lexically stressed syllables of content words, ’ . . .

In speech recognition results of prominence detection

because these are the words whose prominence is not uniqueglepend on what kind of lexical information is available. Of

classified by their lexical class. ) . .
In this paper we use,Frange per syllable, both ‘raw’ and course it would be ideal for various speechhiedogy

corrected for the declination line, to distinguish between the@PPlications if one could classify on acoustical information
most prominent and non-prominent content words, althoughonly’ but this would be a very complicated task. In this paper
intensity and duration features can be used as additionawe use all kinds of information up to lexical information. Also
features to improve the classification. As an initial result we an analysis of lexical word class (such as nouns, verbs or
can conclude that,Fange is a very good feature to distinguish function words) related to degree of prominence is presented.
between prominent and non-prominent content words.

P P 2. GETTING PROMINENCE LABELS

1. INTRODUCTION 2.1. Speech Material

Knowing the relevant features for perceived prominence can befThe speech material was selected from the DutchpRotye
very useful in several speech haology applications, such as corpus. This corpus contains 5 sentences from 5000 different
speech synthesis, where nowadays accented words are realizegeakers resulting in 12500 mostly different sentences recorded
with an accent-lending pitch movement. Much is knowoua over the telephone. All sentences were selected from a Dutch
pitch movements for the use of speech synthesis, see fonewspaper and were constructed in such a way that each set
instance the IPO intonation grammar [2]. The next step is tocontains all phonemes of the Dutch language at least once. The
introduce different degrees of prominence. Knowing more speakers were instructed to read the sentences aloud from paper
about the realization of different degrees of prominence can bevia the telephone (for more details see [1]). Since the sentences
helpful to generate more natural speech. This prominencewere isolated and read aloud without context, focus could not
based approach turns out to be a useful interface betweebhe determined anymore. This speech material contains speech
acoustics and linguistics [5]. In speech recognition the of a lot of speakers from different regions, different ages and
detection of prominence can help to disambiguate sentenced]ifferent socio-economic statuses and therefore the variability
which is especially important in dialog systems. In case of of this speech material is huge. On the one hand this makes
speech recognition the problem to recognize accented words iginalyses very complex, but on the other this only reflects the
an unsolved problem, yet. A first attempt is performed in the situation in several speech beology applications, particularly
research of Kompe [4] and Wightman and Ostendorf [9]. in speech recognition.

The concept of prominence is not very clearly defined, but
it is obvious that it refers to words or syllables, which are 2.2 Listening Experiment
perceived as standing out from their environment [8]. In order to derive the prominence judgments, 500 phonetically
Therefore we define word prominence in our training data via arich sentences spoken by 50 male and 50 female speakers were
perception experiment, where naive listeners had to mark thoseelected for a listening experiment. To test how consistent the
words perceived as being spoken with emphasis. listeners were we presented the first 50 sentences to each

The optimal acoustical features to detect prominence forlistener twice. The 550 sentences (500 + 50) were presented in
recognition purposes may not be limited to the pitch 4 random order sessions, which differed per listener, to
movements, but probably include also aspects of intensity,compensate for possible learning effects. The first two sessions
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contained 150, and the last two sessions contained 12%®f syllables in this set of words (3101 syllables versus 2631
sentences. All 10 listeners were students from the Humanitiesvords) shows that most of these words are monosyllabic. The
Faculty of the University of Amsterdam. The written words of number of lexically stressed prominent syllables is 554
each sentence were displayed on the monitor with a button277+183+94). Soaccording to majority judgments, there are
underneatreach word. The subjects could click on the buttons 554 prominent syllables versus 516 non-prominent syllables in
corresponding to words perceived as being spoken with2738 stressed syllables.

emphasis.
3. LEXICAL FEATURES

2.3. Resulting Labels from the Listening Experiment To have a closer look at the relation between lexical properties
In table 1 the absolute and relative judgments for all 500and prominence judgments of the listeners, 50 sentences, which
sentences over all 10 listeners are presented. Each listendorm a subset of the 500 sentences, are analyzed in more detail.
judged the first 50 sentences twice, but in this table we onlyThese are the sentences, which are judged twice, resulting in a
included the 50 sentences which were judged the second timégdeviant’ prominence scale ranging from ‘0’ to '20’. As shown
because in the first 50 a learning effect may still prevail. Thein table 2, these 50 newspaper sentences consist, on average, of
variability of the listeners is described in more detail in [6]. In 10.38 words per sentence, and the average number of syllables
the experiment 621 words (303+212+106) were marked asper sentence is 18.48. About half of the words are function
prominent by 80% or more of the listeners. This is 11.9% of words and half of the words are content words. There are 8
the total number of words. Because there are, on average, 10ords, which are not yet classified as being a function or a
words per sentence, this results in 1.24 prominent word percontent word. It is to be expected that the function words are
sentence. The words that are judged as prominent by 80% operceived as less prominent than the content words.

more of the listeners are called the prominent words, and the
words that are never judged as prominent are called the non-

Total number Mean per sentence

prominent words. The prominence judgments can also be seen  Vords 519 10.38
as a scale between ‘0’ (non-prominent) and ‘10’ (very Content words 278 5.56
prominent). It must be mentioned that about half of the words ~ Function words 233 4.66
(50.6%) are never judged as prominent. Rest words 8 '
Syllables 924 18.48
Value Freq. % Freq syllables Table 2: Overview of various numbers of word types and
words Lexical  No Lexical Total syllables for this selection of 50 sentences.
stress stress In table 3 the number of words for which the cumulative
02631 506 516 2585 3101 prominence judgments is greater than 10, smaller than or equal
1 357 6.9 226 417 643 to 10, and O, are given. The mean number of words per
2 246 4.7 202 309 511 sentence which are never marked as prominent, is 4.88; this is
3 221 4.2 195 306 501 almost equal to the amount of function words per sentence. If
4 242 4.7 215 354 569 we sum the mean number of words, which are ever marked as
> 266 5.1 244 415 659 prominent, these are 5.5 words per sentence. This is also almost
6 273 5.2 260 425 685 equal to the amount of content words per sentence.
AR 346 66 326 : 5713 . 899
8 303 5.8 277 454 731 Prominence Total number Mean per sentence
9 212 4.1 183 284 467 11-20 136 2.72 }5 5
10 106 2.0 94 148 242 1-10 139 2.78 :
Total 5203 100 2738 6270 9008 0 244 4.88
Table 1: The cumulative prominence judgments over all 10 Total 519 10.38

listeners. For example the number 266 in the second columTable 3: Distributions of the prominence degrees on a scale of
means that this is the number of times that 5 of the 10 listener9-20, (more than 10, less than 10 or equal to 10, and 0). The
judge a given word as prominent. The number of syllables withmean number of words with prominence degree (11-20),

and without lexical stress are shown on the right-hand side.  prominence degree (1-10), and prominence degree (0) per

The acoustical features are measured on syllables, so the Wor'aentences are also given.

prominence labels must be assigned to syllables as well. Thén table 4 the perceived prominence judgments are analyzed
resulting number of syllables specified for lexical stress arewith respect to monosyllabic and polysyllabic function words.
also shown in table 1. Lexical stress is defined as primary stres©f the 233 function words 216 are monosyllabic and 17
in content words (as looked up in the standard pronunciationpolysyllabic. The listeners perceived 205 monosyllabic words
lexicon CELEX). No lexical stress implies non-primary stress as bearing no prominence at all, and the other 11 are perceived
including no stress at all. In the set of 2631 words which arewith a very low degree of prominence (see table 4). Of the
never judged as prominent (non-prominent), only 516 of the polysyllabic function words 12 are perceived as bearing no
3101 syllables are lexically stressed. The relatively low numberprominence, and 4 are perceived with a greater degree of
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prominence (>5). In summery we can say that our data oncecoustical features can be measured, the phoneme and syllable
again confirm that function words correspond to less/nonboundaries withineach sentence must be determined. Because
prominent words. the transliteration of each sentence was available it was

possible to look up each word in a standardnpnciation

Prominence Function words .

Monosyllabic Polysyllabic lexicon (CELEX). For each sentence an array ophttnemes
0 205 95 % 12 70 % that occur in that sentence was used to train an HMM-model on
1-5 1 5 0 1 6 % a subset of 4553 sentences from 978 different speakers also
6-20 ) i 4 24 % from the Dutch Polyphone corpus (these are not round numbers
Total 216 100 % 17 100 % becaus@47 sentences were excluded due to bad quality).

The trained HMM-model was used to find the boundaries

Table 4: Absolute number and percentage of mono- andgf eachphoneme in our 500 spoken sentences. Sonorant rules

polysyllabic words regarding prominence degrees on a scale o ay that each syllable consists of one vowel and that the
0-20. consonants following that vowel are ordered with decreasing
For the content words we count how many nouns, verbs.sonority. The farther a consonant stands away from the vowel
adverbs and adjectives are never marked as prominent or hau@e |esser the sonority. These sonorant rules were implemented
some prominence degree. Indeed, listeners perceivedy 5 program to mark the syllable boundariescdise there
prominence on many nouns, verbs, adjectives and adverbs (s&gere words, which did not behave according to these rules, the
table 5). Adverbs and adjectives are always perceived Withsyjiaple boundaries were also compared with the boundaries in
prominence degree (1-5), and often as very prominent (6-20)the CELEX lexicon and hand corrected. With the help of the
In general, the nouns are also perceived with a degree Opnoneme label files, a syllable label file with syllable
prominence, except to of them. The verbs are not as frequentlyoyndaries was created. Since we used a lexicon, the lexically
perceived as prominent, only in 19 out of 50 cases, which isstressed syllables were also known, and for the content words
38%. For more detail see [3]. these lexically stressed syllables were marked and added to the
label file. A next and final step in preprocessing the sentences

Promi- Content words : . .
— was to connect the cumulative prominence judgments of the 10
nence Nouns Verbs Adverbs  Adjectives . . ;
listeners with the phoneme and syllable labeling. In summary
0 2 13% 19 38% - i § the identity and boundaries of the phonemes, the syllables with
1-5 34 237% 33 29% 11 33% 7 15% '

lexical stress markers on content words and boundaries of the

6-20 107 75% 17 33% 22 67% 39 85% syllables, as well as the prominence labels were available for
0 0, 0, 0, ’
Total 143 100% 50 100% 33 100% 46 100 % further acoustical analyses.

Table 5: Absolute number and percentage of content words It is obvious that the pitch movement plays a very

regarding prominent degrees on a scale of 0-20. important role in the perception of very prominent words in the
The distribution of prominence and lexical class of a word canSentence. The notion of pitch accent as formulated in the IPO
be used for prominence prediction. Very generally, we can sayntonation system [2], is exclusively based on pitch
that function words have a low chance to be perceived agnovements. However, the implementation of pitch accents in
prominent, verbs form a middle category with about 38% speech synthesis systems has sometimes consequences for
chance of bearing no prominence, and nouns, adverbs an@uration and intensity and spectral quality. We belief that pitch
adjectives have a very high chance of being perceived afccents, intensity, spectral slope, and duration are important for
prominent. The use of lexical features for the prediction of prominence, but in this paper we concentrate on the extraction
prominence assumes that lexical information is available forof Fo features: namely, on the, Fange of each syllable. In
the recognition task. This information can be extracted from aorder to extract features independently from gender, we
lexicon, but in some cases a syntactical analysis is necessary. fPncentrate ondifferences in semitonegfor example the
order to find optimal features for the prediction of prominence difference  between the minimum and the maximum
it still has to be tested how far we can get when word class ign€asurements within one syllable), and not on absolute
assigned automatically with the help of a lexicon and when thismeasurements. Moreover, we try to extract features with

information is used as input feature for a classifier. respect to the local syllable environment. As a first step we
corrected for the declination line [2]. We used the following
4. ACOUSTICAL FEATURES CONCERNING F method: a regression line per sentence was estimated on the

500 sentences from the Dutch Polyphone Corpus, labeled foautomatically smoothed pitch curve, and subtracted. On this
prominence on a scale between 0-10 have been used in thesulting pitch curve the range per syllable was measured. The
acoustical measurements concerniggduration and intensity  means and standard deviations of the prominent (8, 9, 10) and
[7]. Because of the above-presented lexical analysis of a subseion-prominent (0) lexically stressed syllables of content words
of these sentences, we concentrate in this paper on the contegte given in table 8. In figure 1 the distribution for the lexically
words only. Because we have word prominence judgments andtressed syllables of content words both for prominent and non-
because we want to measure on syllables we select the lexicallgrominent ones is plotted as a histogram. Figure 2 presents the
stressed syllables of the content words. But before thesame frange data as in figure 1, but this time corrected for the
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e 5. CONCLUSIONS

1 /N o Concluding we can say that there is a relation between word
: class and prominence. The information of the word class can be
used as a feature to detect very prominent and non-prominent
words in a sentence. As a result we can say that most of the
function words are never perceived as prominent by any of the
listeners, and that content words namely adverbs, nouns and
adjectives are almost always marked with some degree of
prominence, whereas verbs form a middle class. The role of
word class features for distinguishing non-prominent and non-

° ’ ! ° Coororomoe R prominent words must be tested in future reseach.
Figure 1: Histogram of theyFange in semitones of the Furthermore, the ¢ range per syllable measured in
lexically stressed syllable for prominent (8,9,10) and non-  semitones is a useful feature to classify prominent and non-
prominent (0) content words. prominent content words. The distinctions between the
160 | lexically stressed syllables of the prominent and the non-
o ——Prom prominent content words (72% correct with a discriminant
o — Non-Prom analysis) are promising for further analysis. We did not find a
difference between the declination-corrected and the non-
o corrected features. In future research we will also concentrate
/Y on additional features such as measurements concerning
wi ] \ i duration and intensity, and on classification with more
wl . sophisticated classifiers, most probably in the form of a feed
s ~ N \‘\ forward neural network.
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lower degree of prominence [8]. The classification of function

words with the help of acoustical features such @asaRge

should be included in following analyses, in order to see how

good this distrimination is.

Table 8: Means and standard deviations of theaRge per
syllable for the prominent and the non-prominent lexically
stressed content words.
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