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2 2 

PROMINENC EE MARKIN G BY NAIV E 
LISTENERSS 1 

Abstract t 

AfterAfter a short literature survey, an operational definition of prominence is developed 
onon the basis of two pilot experiments (81 sentences). The Dutch Polyphone speech 
materialmaterial used is described. Ten listeners marked word prominence for the training 
materialmaterial (1244 sentences) to be used later. A detailed discussion of the behavior of 
thethe listeners and the consistency and reliability of listeners is presented. Finally, the 
designdesign of the independent test material (1000 sentences) is described. 

11 Parts of this chapter were published in Streefkerk et al. (1997) and Streefkerk & 
Polss (1998). 
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2.11 Introductio n 

Thiss chapter deals with the marking of 'prominent' parts in speech utterances. 
Prominencee marking looks easy, but it is rather complex. The notion of prominence 
iss not clearly defined and various ways to mark prominence are used in the 
literature.. In the next subsection various approaches are discussed. 

2.1.11 Literatur e survey 

Inn the literature, the notion of prominence is made operational in various ways. 
Mainlyy we deal with the following options: 1) mark every syllable, 2) mark the 
prominentt syllable, 3) mark every word, 4) mark the prominent word, 4) mark 
binary,, 6) or on a gradient scale. Portele & Heuft (1997) and Fant & Kruckenberg 
(1989)) used a 31-point scale: each syllable is judged for the amount of prominence 
by,, in principle, one listener. In this method the judgments are very finely tuned, and 
thee listener must listen to every syllable in detail. This method is only possible for 
smalll  samples of speech material. 
Groverr et al. (1997) used initially a 'unlimited' scale for word prominence, which 
wass immediately reduced to a 10-point scale. In Grover et al. (1998), in which a 
prosodiee database is described, this reduced scale is maintained. Listeners were 
askedd to rank all individual words in the utterance for prominence. Marking the 
wordss is more efficient for large databases than marking every syllable for 
prominence,, but still every single word has to be marked. Strangert & Heldner 
(1995)) mark word prominence on a 4-point scale. 
Inn the research of Kiefiling (1996) prominence was binary marked by ten listeners. 
Thee listeners were asked to mark only the prominent words, so not for all words a 
judgmentt was given. Kiefiling (1996) used the cumulative prominence marks of the 
listenerss as an indication of the prominence degree. This way of marking word 
prominencee is efficient for labeling large databases. 

Inn a more indirect approach, the prominence differences related to various pitch 
accentss are studied with the help of speech resynthesis (Gussenhoven et al., 1997; 
Rumpp & Hermes, 1996; Terken, 1996; Terken, 1991; Gussenhoven, 1985; Rietveld 
&&  Gussenhoven, 1985). This indirect approach concentrates on the notion of pitch 
accentt and its perceptual variation of prominence. Terken (1996) vary the peak 
heightss of pitch accents and present the manipulated speech to listeners who had to 
judge,, mostly on a 10-point scale, the degree of prominence of the syllables or the 
words.. One of the findings is that words at the beginning of an utterance must have a 
largerr peak height than words at the end of an utterance, in order to be perceived 
withh the same prominence. 
Thee notion of pitch accent is more or less reduced in these studies to changes in F0. 
Onee has tried to devise grammars to describe these phenomena. The IPO grammar 
off  intonation e.g. deals with subsequent rising and falling pitch movements ('t Hart 
ett al., 1990), whereas the auto-segmental intonation grammar (Silverman et al., 



PROMINENCEE MARKING BY NAIVE LISTENERS 13 

1992;; Gussenhoven, 1984; Pierrehumbert, 1980) describes pitch movements in a 
functionall  way. 
Inn the IPO intonation grammar, pitch movements are defined as being accent lending 
andd the others mark boundaries. A typical pitch movement is defined by the shape of 
thee movement and by the onset in the syllable. Accent lending is interpreted in this 
studyy as closely related to prominence. 
AA more abstract type of intonation grammar is the auto-segmental intonation 
grammar.. This type of grammar also concentrates on changes in F0, but proposes a 
moree abstract description such as high tones (indicated with H) or low tones 
(indicatedd with L). If a tone (H, L) is accent lending (prominent) it is indicated with 
ann asterisk (*). The actually realized intonation contour is not described. Human 
labelingg according to this grammar shows rather low consistency rates. Maximally 
56%% correspondence for H*  and L*+H was reported in Reyelt (1995). See also 
Syrdaletal.(2001). . 
Forr speech technology purposes, human pitch accent labeling is not consistent 
enough,, and does not contain variation about the prominence of these accents. 
Wightmann & Ross (1999) and Wightman et al. (2000) suggested using a robust 
variantt of TOBL This variant is called TOBI lite. Attempts to derive an 
automaticallyy encoded TOBI intonation contour are presented in Véronis & 
Campionee (1998) and Tournemire (1998). Their results are unclear. 

Itt is felt in the present study that the above described research concentrate too much 
onn F0 changes. The perception of prominence is not exclusively related to smaller or 
largerr F0 changes. Supportive evidence for this is derived from a small listening 
experimentt done with students at the Institute of Phonetic Sciences (reported in 
Streefkerkk et al., 1997). In this pilot experiment 30 natural sentences were presented 
too listeners who were asked to mark the words spoken with emphasis. These 
sentencess were presented in a normal version and in a version where the F0 was 
monotonizedd via the PSOLA technique. The duration variations, as well as the 
variationss in intensity and spectral quality were still present. All eight participants 
appearedd to be able to mark prominence even in these monotonous sentences. Even 
sevenn or eight of them uniformly marked not less than six words as being prominent 
underr both conditions. The correspondence matrix of the sentences, presented with 
andd without pitch movements, is given in Appendix table A.2.1. The task is of 
coursee more difficult in the monotonized sentences, but listeners were still able to 
markk prominence and even sometimes achieved a unanimous judgment. It can be 
concludedd mat prominence is not only evoked by pitch movements, but mat other 
acousticc correlates, such as duration and loudness, are likely to be additional cues for 
thee listener to perceive prominence. 

2.1.22 Oar approach 

Wee define 'prominence' operationally by asking listeners to mark the perceptually 
'outstanding'' parts in speech. The main question is how to design a listening 
experimentt to mark these more prominent parts of speech. 
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Thiss question can be subdivided into the following sub-questions: 

-- Should words / syllables be marked for prominence by experts or by naive 
listeners? ? 

-- Is a majority judgment possible and necessary? 
-- Should all words / syllables be marked for prominence? 
-- Is a binary scale useful for marking prominence? 
-- What is the unit to be marked: word group, word or syllable? 

Al ll  these questions must be answered in order to find a proper operational definition 
off  prominence. 
Inn our study naive listeners instead of experts were chosen as labelers for marking 
prominence.. Users of a language do use the differences in prominence in their daily 
conversation,, but they are not aware of it most of the time. 
Too make sure that this research is not based on the possible coincidental prominence 
markss of only one listener, a group of listeners participated in the labeling 
experiment.. Another advantage of taking more than one listener is that the 
agreementt of the listeners can be calculated, which gives more insight in the 
consistencyy between listeners. The labeling task is much easier if listeners were 
askedd to mark only every individual word or syllable spoken with emphasis, instead 
off  asking them to mark all the words of an utterance for relative prominence, as 
donee by Portele & Heuft (1997) and Grover et al. (1997). It was decided to make the 
judgmentss of the individual listeners binary (a word or syllable could either be 
prominentt or not), which makes the task easier. By taking the sum of all individual 
markss a gradient prominence scale becomes available. 

Theree are also other pragmatic issues that have to be taken into account. On the one 
hand,, in order to increase the validity, the task must be easily interpretable for naive 
listenerss and we aim at as littl e guidance to the listener as possible, because the more 
instructionss are given the more influential is the interpretation of the researcher, and 
wee want not to investigate our ideas of what prominence is, or should be, but those 
off  naive listeners. This is often translated in ideas of how many word / syllables 
havee to be prominent in a sentence. On the other hand with less guidance one has to 
bee careful, to make listeners understand the task properly. 
Thee method must be useful for a large speech corpus and listeners must be able to 
markk prominence on-line. 

Forr Text-to-Speech (TTS) and automatic speech recognition (ASR) systems, 
prominencee labeling on word level is sufficient to be useful in applications. Text-to-
Speechh systems do not need a labeling at the syllable level, because the lexicon 
givess information on the position of lexical stress. Word prominence information is 
acousticallyy realized by using the syllable information in the lexicon. So one does 
nott need to mark individual syllables, it goes via the information in the lexicon. 
Forr detection with acoustical information one might argue that prominence can only 
bee acoustically detected by looking for the syllable that is the most outstanding one, 
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whichh does not have to be the lexically stressed one. So, one might argue that 
prominencee detection must be trained and tested on syllables. In ASR a lexicon is 
usedd as well, and in ASR words go into competition with each other; syllables 
themselvess do not play a role. Via this lexicon the lexically stressed syllable could 
bee estimated, if marked. If word stress is not marked, ASR could not distinguish 
betweenn words such as AchterRUIT (rear-window) and ACHTeruit (in reverse) even 
iff  one knows the prominence of the individual syllables in the training. So, for ASR 
prominencee labeling on words is enough, unless one does not want to re-rank the 
individuall  syllable scores with the prosodie information from the lexicon. 

mm the next section, we will describe the speech material used. 

2.22 Speech material 

Inn our research we have chosen to use the spoken sentences from the Dutch 
Polyphonee Corpus (Damhuis et al., 1994), because, firstly, this telephone speech in 
thee Dutch Polyphone Corpus is more realistic for various speech technology 
applicationss than elicited speech recorded in an anechoic room. Secondly, using the 
Dutchh Polyphone Corpus gives us access to a large speech database, which is easy to 
usee and is readily available. The original recordings were made by KPN and SPEX, 
whoo made this corpus available on CD-ROM for academic purposes. A brief 
descriptionn of the Dutch Polyphone Corpus follows in the next subsection. 
Thee choice of the speech material used has large consequences for the results 
achievedd and for the conclusions that can be drawn. The speech material used in this 
studyy imposes several limitations. This material is especially designed for speech 
recognition. . 
Thee specifications of any corpus concern the speakers, the environment, type of 
speech,, speaking rate, dialectical background, gender, age and socio-economic 
status.. The acoustical surroundings of the recordings can also differ a lot. For 
instancee in an anechoic room no background noise is recorded, but at home and 
certainlyy in a car a lot of background noise might be added to the speech signal. To 
improvee all-purpose speech recognition one has to cope with all these and other 
factors,, so we consider it advantageous for speech recognition to have a number of 
thesee variations in our Polyphone speech material. 
However,, for speech synthesis the most important goal generally is to make a 
naturall  and pleasant voice. All the speaker and surrounding variation is not very 
usefull  for speech synthesis, but variations in speaking styles and genres, such as free 
conversation,, monologue, dialogue, retold, and read-aloud, certainly are. All this 
introducess variation in the speech material and has its consequences for the prosody, 
whichh is more important for speech synthesis than speaker variation is. Speech 
synthesiss actually needs one good voice showing sufficient variation, especially in 
longerr text. Unfortunately, such variation in different speaking styles is not present 
inn the speech material used by us. Only read-aloud sentences are available. 
Improvingg TTS intonation can thus only be a secondary aspect of the present 
research.. No contextual information can be derived from these sentences, since they 
weree all separately spoken and unrelated. Moreover this typical type of speaking 
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stylee may cause a typical intonation. It should thus be clear that the design of the 
presentt database is not ideally suited to improve Text-to-Speech systems. 

2.2.11 Recordings 

Thee Polyphone Corpus was recorded over the telephone; in mis way the speaker is 
inn his familiar environment, but background noises are then unavoidable. The 
recordingss were sampled with a frequency of 8 kHz in 8 bit A-law coded samples 
andd were stored on CD-ROM. Each record (file) was provided with a NIST header. 
Ann example is given in Appendix A 2.2. The header fields concern the record and 
givee specific speaker information. Extra information was added in a post-processing 
cycle,, providing a word-by-word transliteration, a transliteration of extra sounds 
suchh as noisy breathing, demographic data, and the quality of each recorded item. 
Thee assessment could be 'OK', 'noise', 'garbage' or 'other'. About 97% of the 
recordingss are of good quality ('OK'). 

2.2.22 Material 

Forr each speaker 32 different speech items were recorded, which vary from digits 
andd spelling out names to answering questions given on the instruction paper. For 
thee present project only the sentences that were read-aloud were used (five different 
sentencess per speaker). These sentences are constructed in such a way as to be 
phoneticallyy rich, which means that all sounds of the Dutch language system occur 
att least once per set of five sentences. In order to meet this requirement an electronic 
versionn of a newspaper was scanned, and the required sentences were selected. This 
resultedd in 12,500 different newspaper sentences, not shorter than four words and 
nott longer than 80 characters. The grammatical structure of these sentences is simple 
(mostt of the time declarative sentences with only one main clause and no nested 
sentences).. Questions are particularly rare. Twice two different speakers speak every 
sentencee of the set of 12,500. Approximately 5000 speakers read five sentences 
each. . 

2.22 J Speakers 

Thee speakers recorded in the Dutch Polyphone Corpus are of various ages, and come 
fromfrom different regions of the Netherlands. This introduces accents from different 
dialectall  backgrounds. The speakers themselves specified from which province they 
camee (Groningen, Friesland, Drente, Overijssel, Flevoland, Gelderland, Utrecht, 
Noord-Holland,, Zuid-Holland, Zeeland, Noord-Brabant, Limburg). The distribution 
off  the speakers coincides more or less with the distribution of the population. Then-
agess ranged from 16 to 80. The socio-economic status is specified by the education 
level,, which ranged from elementary school, to secondary school and college / 
universityy level. 
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2.2.44 Selected speech material 

Inn our research a total of 2244 sentences from this Polyphone Corpus were used. 
Onlyy the two pilot experiments as described in section 2.3 use another randomly 
selectedd set of 81 sentences from mis corpus. These sentences are excluded from the 
generall  description of the speech material used. A set of 1244 sentences served as a 
so-calledd training set and another 1000 as an independent test set. The 1244 
sentencess of the training set were used for lexical / syntactic analysis (chapter 3), 
andd for acoustic analysis (chapter 4) and this same set was also applied to train 
neurall  networks for prominence classification (chapter 5). The test set of 1000 
sentencess was applied in order to test the prediction of linguistic and acoustic 
features.. Using different test and training sets makes the results more reliable and 
controllable,, so that the rules predicting prominence from textual information and a 
predictionn with neural networks will not appear to be over-specified, because of the 
usee of only a limited set of sentences. 
Thee sentences used were semi-randomly chosen. Based on the quality of the sound 
recordingss not always all five sentences spoken per speaker were useful: sometimes 
onlyy two sentences per speaker were chosen. In total the training set plus the test set 
containn sentences from 497 different speakers. 
Thee demographic data are specified in the Appendix in tables A 2.3 and A.2.4. 

Inn order to investigate what the most appropriate unit (word or syllable) is to mark 
prominence,, two pilot experiments with the same set of 81 sentences were 
conducted.. The details of the two pilot experiments are reported in Streefkerk et al. 
(1997),, but a brief summary is presented in the next subsections. 

2323 Two pilot experiments to define prominence 

Forr an operational definition of prominence one of the remaining questions is: What 
iss the appropriate unit for marking prominence (word or syllable). In the case of 
wordd groups the listener can mark adjacent words or syllables, so actually the 
questionn that remains is: should listeners mark words or syllables? In order to learn 
aboutt the differences on marking behavior, one experiment on syllable prominence 
markingg and one experiment on word prominence marking were conducted. The 
criterionn for choosing between the two approaches is based on the amount of 
informationn obtained, i.e. on the validity and on the consistency of the responses. 

2.3.11 Method 

Forr both experiments the acoustical presentation of the sentences was identical, only 
thee instruction and the display of the text on the monitor differed. For the word-
markingg experiment the listeners saw a normal orthographic text on the monitor, and 
gott the instruction to mark all words spoken with emphasis (in the Dutch instruction 
nadruk,nadruk, see Appendix A 2.5). For the syllable-marking experiment a white space 
wass displayed between syllables, plus a hyphen for syllables belonging to one word. 
Ann example is given next. The literal translation is: The short-lived rise of the dollar 
isis over. 
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DeDe kort- ston- di- ge op- mars van de dol- Jar is voor- bij. 
oo o o o o o o o o o o o o o 

Inn the syllable experiment, the task was to mark all syllables spoken with emphasis. 
Forr each type of experiment the 81 sentences were presented to 8 listeners. 

2.3.22 Results 

Ann example of the individual and added word marks for one specific sentence is 
givenn in table 2.1. These cumulative marks can be interpreted as a gradient 
prominencee scale. If a word or a syllable is marked by all of the listeners (in these 
pilotpilot experiments there were eight listeners) a word or syllable is apparently highly 
prominent.. Similarly, if no or only one listener marks a word, this word is apparently 
lesss prominent. The cumulative marks are also an indication of consistency. If there 
aree a lot of words / syllables which are only marked by one listener, the between 
subjectt agreement is not high. Table 2.2 shows the cumulative prominence marks 
(absolutee and relative) for the syllable experiment and for the word experiment. 
Thee total number of judgments in the two listening experiments differed. Per listener 
thee mean number of prominence judgments per sentence in the word-perception 
experimentt is 2.9 (0.7 Std. Dev). This is substantially lower than in the syllable-
markingg experiment (5.1, 1.7 Std. Dev). A t-test for two samples clearly shows that 
thesee two means differ significantly (t = -3.356, v = 14, p < 0.005). 

Tablee 2.1: A part of the raw data matrix of the word perception experiment. 
Thee individuals and the cumulative word prominence labeling over all eight 
listenerss are given. The literal translation of this example sentence is: There 
goesgoes a bus at half past two from Amsterdam to Utrecht. 

Listener r 

Wordd 1 2 3 4 5 6 7 8 Total 

Er Er 

gaat gaat 

om om 

half half 

drie drie 

een een 

bus bus 

uit uit 

Amsterdam Amsterdam 

naar naar 

Utrecht Utrecht 

Totall  per listener 

0 0 
1 1 

0 0 
0 0 

0 0 

0 0 
1 1 

0 0 

1 1 
0 0 

1 1 

4 4 

0 0 
1 1 

0 0 
1 1 

0 0 

0 0 
0 0 

0 0 

1 1 

0 0 

1 1 

4 4 

0 0 

0 0 

0 0 

1 1 

1 1 

0 0 
0 0 

0 0 

1 1 

0 0 

1 1 

4 4 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1 1 

0 0 
1 1 

3 3 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

1 1 

0 0 

1 1 

0 0 

1 1 

4 4 

0 0 

1 1 

0 0 

1 1 

0 0 

0 0 

1 1 

0 0 

1 1 

0 0 

1 1 

5 5 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 
1 1 

0 0 

0 0 

0 0 

1 1 

3 3 

0 0 

1 1 

0 0 
0 0 

0 0 

0 0 

1 1 

0 0 

1 1 

0 0 

1 1 

4 4 

0 0 

7 7 

0 0 

3 3 
1 1 

0 0 

5 5 

0 0 

7 7 

0 0 

8 8 

31 1 

Meann per sentence 31 /88 = 3.9 
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Tablee 2.2: For both the syllable and the word listening experiment the 
cumulatedd prominence marks, and the percentage values, are shown. For 
examplee in column 'Freq. (Syllable Experiment) the number 77 means that 77 
syllabless have been marked by all eight listeners as being prominent. 

Syllablee Experiment Word Experiment 
Cumulativee Freq. Cum. num % Freq. Cum. num % 
markss of marks of marks 

0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 

519 9 
296 6 
162 2 
90 0 
63 3 
61 1 
92 2 
100 0 
77 7 

--
296 6 
324 4 
270 0 
252 2 
305 5 
552 2 
700 0 
616 6 

35.5 5 
20.3 3 
11.1 1 
6.2 2 
4.3 3 
4.2 2 
6.3 3 
6.8 8 
5.3 3 

432 2 
66 6 
41 1 
53 3 
44 4 
52 2 
61 1 
51 1 
53 3 

--
66 6 
82 2 
159 9 
176 6 
260 0 
366 6 
357 7 
424 4 

50.6 6 
7.7 7 
4.8 8 
6.2 2 
5.2 2 
6.1 1 
7.2 2 
6.0 0 
6.2 2 

Totall  1460 3315 100 853 1890 100 
Meann per sentence 5.1 2.9 
perr listener 

Iff  the listeners had marked the prominent words / syllables in completely random 
fashion,, this frequency table would have looked different. The total number of 
syllablee marks of the eight listeners is 3315; this number divided by the total number 
off  syllables (1460) produces 2.3. Thus, if the eight listeners had marked the syllables 
randomly,, each syllable would on average have received a cumulative mark of 2.3. 
Similarly,, such a random order value of cumulative marks can be calculated for the 
wordd experiment. The total of 1890 marks divided by 853 results in 2.2. The 
examplee sentence in table 2.1 then would have shown a maximum cumulative mark 
off  approximately 2. 
Thee distributions given in table 2.2 are most certainly not a random distribution of 
prominencee marks. However, there are differences between the two types of 
experiments.. The syllable experiment shows relatively high numbers of marks given 
byy only one listener compared to the word experiment (20.3% versus 7.7%), and the 
scoress for just two listeners also show a difference (11.1% versus 4.8%). The 
relativerelative numbers of values, concerning the majority of the listeners marking a given 
syllablee / word as prominent, do not show such differences. 

Thee agreement between- and within-listeners can be measured from crosstables by 
usingg Cohen's Kappa K (Cohen, 1960). This agreement measure calculates the 
agreementt corrected for chance agreement. The formula is as follows: 
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NN22-1R,C, -1R,C, 
1=1 1 

wheree N is the total number of items and r the number of rows in the table. FÜ is the 
numberr found in the cells of the diagonal, R, is the row sum and C, the column sum. 
Too get a feeling for this agreement measure K, the following theoretical examples 
havee been constructed, which will explain the behavior of this agreement measure. 
Cohen'ss Kappa (K) lies between -1 and 1, where ' 1 ' means total agreement and '0' 
meanss no agreement beyond chance level. If always-opposite judgments were given 
aa Cohen's Kappa of-1 would result as in example e). 
Somee examples are given to show the effect of asymmetrically distributed data. Our 
listenerr judgments show such asymmetry. Examples a), c) and e) show a 
symmetricall  distribution of the data; the column sums and the row sums are the 
same.. This is different in example b) and d). In these two examples the distribution 
iss not symmetrical; the first column adds up to 300 whereas the second column adds 
upp to 100. For the first two examples a) and b) K = 0: there is only agreement at 
chancee level. For the evenly distributed table a) this is clear, but it is also the case for 
thee not evenly distributed table b). In tables c) and d) the data are distributed in such 
aa way that the highest possible agreement is given, for table c) K = 1, which means 
totall  agreement. However, for table d) K = 0.5, which is the highest possible 
agreementt for this distribution as on the one side only 100 times a one is given 
whereass on the other side 200 times a one is given. This means mat there is a 
maximumm overlap of 100 times a one. So in table d) the agreement measure is rather 
loww {K = 0.5), but a higher value is not possible for this kind of distribution. For the 
lastt example e) Cohen's Kappa is -1; this happens when only opposite judgments are 
given. . 

a) ) 

0 0 
1 1 

Total l 

0 0 
100 0 
100 0 
200 0 

1 1 
100 0 
100 0 
200 0 

b) ) 

0 0 
1 1 

Total l 

0 0 
150 0 
150 0 
300 0 

1 1 
50 0 
50 0 
100 0 

Total l 
200 0 
200 0 
4000 K = 0 

Total l 
200 0 
200 0 
4000 K = 0 
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c) ) 

0 0 
1 1 

Total l 

0 0 
200 0 
0 0 

200 0 

1 1 
0 0 

200 0 
200 0 

Total l 
200 0 
200 0 
400 0 K = l l 

d) ) 

0 0 
1 1 

Total l 

0 0 
200 0 
100 0 
300 0 

1 1 
0 0 

100 0 
100 0 

Total l 
200 0 
200 0 
400 0 KK = 0.5 

e) ) 

0 0 
1 1 

Total l 

0 0 
0 0 

200 0 
200 0 

1 1 
200 0 
0 0 

200 0 

Total l 
200 0 
200 0 
400 0 KK  = - l 

Thee actual data of the two listening experiments are also not very symmetrically 
distributed:: some listeners have marked substantially more words / syllables as being 
prominentt man others. A crosstable of two listeners (listener one as rows and 
listenerr six as columns) is presented in table 2.3 below. 

Tablee 2.3: Crosstable of listener one and six, who mark prominent words. 

Listenerr 6 
Listenerr 1 
Non-prom m 
Prom m 
Total l 

Non-prom m 
459 9 
41 1 
500 0 

Prom m 
115 5 
238 8 
353 3 

Total l 
574 4 
279 9 
853 3 82% % KK = 0.61 

Forr this crosstable Cohen's Kappa is 0.61, which is rather high taking into account 
thee fact that this table is similarly distributed as in example d). Listener one marked 
onlyy 279 of the 853 words as prominent whereas listener six marked 353 words as 
prominent,, which shows that listeners use different thresholds to judge what is 
prominent.. These two listeners cannot agree completely, because they do not have 
thee same number of prominent marks. The agreement between listener one and 
listenerr six is expressed in Cohen's Kappa (K = 0.61), which becomes one entry in 
tablee 2.4. 
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Tablee 2.4: Agreement (Cohen's Kappa) between eight listeners in the word 
experiment. . 

Listener r 

1 1 

2 2 

3 3 
4 4 

5 5 
6 6 
7 7 

8 8 

1 1 
--

--

2 2 

0.59 9 
--

--

3 3 

0.58 8 

0.59 9 
--

--

4 4 

0.41 1 

0.55 5 

0.48 8 
--

--

5 5 

0.54 4 

0.89 9 

0.59 9 

0.53 3 

--

6 6 

0.61 1 
0.69 9 
0.63 3 
0.47 7 
0.59 9 

7 7 

0.55 5 
0.53 3 
0.60 0 
0.46 6 
0.54 4 
0.48 8 

--

8 8 
0.50 0 

0.53 3 

0.58 8 
0.54 4 

0.53 3 
0.53 3 
0.51 1 

--

Meann Cohen's Kappa 0.56 6 

Tablee 2.5: Agreement (Cohen's Kappa) between the eight listeners in the 
syllablee experiment. 

Listener r 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 

1 1 8 8 

0.70 0 0.60 0 
0.64 4 

--
--
--

--

--

0.34 4 
0.50 0 
0.50 0 

--

--

--

0.66 6 
0.69 9 

0.63 3 
0.39 9 
;S*ffii ï ï 

--

--

0.45 5 
0.48 8 

0.53 3 
0.45 5 

0.45 5 

--

| | 

0.67 7 
0.84 4 
0.67 7 
0.39 9 
0.71 1 
0.52 2 

0.22 2 
0.21 1 
0.16 6 
0.13 3 
0.20 0 
0.39 9 
0.20 0 

Meann Cohen's Kappa 0.48 8 

Forr each paired combination of listeners for the word experiment and for the syllable 
experiment,, the Cohen's Kappa values are given in table 2.4 and 2.5, respectively. 
Forr the word experiment Cohen's Kappa is smaller than 0.45 only once; for the 
syllablee experiment Cohen's Kappa is ten times smaller than 0.45. It is apparent 
fromm table 2.5 that listener eight is not a very useful listener. Perhaps this listener did 
nott understand the task sufficiently. The listeners in the word experiment reach an 
agreementt of K > 0.55 13 times. For the syllable experiment this happens only ten 
times.. The results for the syllable experiment indicate less agreement between the 
listenerss than for the word experiment. 
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233233 Conclusion 

Thee two different prominence-marking methods show differences in the number of 
markedd words versus marked syllables. These two different methods do not result in 
thee same prominence marking distribution. Prominence marking on syllables results 
inn a more detailed prominence distribution of the sentences than on words. 
AA priori it is difficult to decide which method is better. However, it appears that the 
syllablee method seems to show less agreement between listeners. The differences in 
thee agreement between the listeners are not so striking, but we have to choose 
betweenn these two methods of marking prominence. The word method is chosen 
because,, firstly, a more detailed marking in terms of prominent syllables is 
apparentlyy not needed and, secondly prominence marking on words is more valid. 
Wordss are more meaningful units for naive native listeners than syllables. They can 
markk words online for prominence using bottom-up and top-down information. 
Finally,, marking word prominence easier to perform than marking syllables and 
couldd therefore be less time consuming. 

2.44 Main experiment on assigning prominence 

2.4.11 First set marked by ten listeners 

AA prominence labelling experiment was carried out in the following way. The first 
sett of 1244 sentences was divided into two subsets: one with 500 sentences spoken 
byy 100 speakers, and another set of 744 sentences spoken by 173 speakers. To test 
thee within-listener consistency, the first 50 sentences of the first set were presented 
twicee to each listener. The 550 sentences (500 + 50) of the first listening set, as well 
ass the 744 sentences of the second listening set were each presented over four 
sessions,, of approximately one hour each. The sentences from both listening sets 
weree presented to ten listeners. Each group of ten listeners was not necessarily 
composedd of the same participants for each set: only a few participated in both sets. 
Thee sentences were presented individually in random order under computer control 
too compensate for possible learning effects. The listeners were students from the 
Humanitiess Faculty of the University of Amsterdam and they were paid for doing 
thiss task. The listeners received no training. The experiment was controlled by a 
UNLXX workstation and was designed in such a way that the written words of each 
sentencee were displayed on the monitor with a button underneath each word. The 
monitorr screen looked like this: 

Vaakk meet men aan de inhoud van de kassa het welslagen van een project af. 

o o o o o o o o o oo o o o o o 

AA translation of this sentence is: Often one determines a project's success by the 
amountamount of money in the cashbox. The listeners could click on the buttons 
correspondingg to words perceived as being spoken with emphasis {nadruk, for the 
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wholee instruction in Dutch see Appendix A 2.5). While the sentence was displayed 
onn the monitor, the spoken version was presented to the subject through headphones. 
Eachh sentence was presented a maximum of three times. To move on to the next 
sentencee participants could click on a button labelled 'klaar' (finished), which means 
thatt they did not need to listen to unnecessary repetitions of one sentence. All the 
subjectss did this task without any complications. The results were stored on disk for 
furtherr processing. The results of the listening experiment will be discussed in the 
followingg sections. First, the general results are presented, after which differences 
betweenn and within listeners will be explained in detail. 

2.4.1.11 Resulting prominence marks 

Inn table 2.6 the results of both subsets (500 and 744 sentences) on the prominence-
markingg task are presented together. The number of marks per word has been added. 
Thiss table 2.6 presents the number of words found with a given number of 
cumulativee prominence marks. The second column (Freq.) gives absolute numbers: 
forr example the number 802 means that this number of words have been marked as 
beingg prominent by eight out of ten listeners. The third column gives the 
percentages.. The 50 sentences presented twice were included only once in these data 
(onlyy the marks of the sentences which were presented the second time to the 
listenerr were included). It is worth pointing out that approximately half of the words 
(45.5%)) were not marked as being prominent by any of the listeners; one or more of 
thee listeners marked the remaining 54.5% of the words as prominent. 8.9% of the 
wordss were only marked by one listener and everybody agreed about 4% of the 
wordss as being prominent. 

Tablee 2.6: The absolute and the relative numbers of the cumulative 
prominencee marks. 

ss marks 

0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

Freq. . 

5950 0 

1162 2 

679 9 
595 5 
586 6 
603 3 
645 5 
813 3 
802 2 
739 9 
518 8 

% % 

45.5 5 

8.9 9 
5.2 2 
4.5 5 
4.5 5 
4.6 6 
4.9 9 
6.2 2 
6.1 1 
5.6 6 
4.0 0 

Total l 13092 2 100 0 
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Thee prominence marks can be used in several ways. Prominent and non-prominent 
wordss can be defined by, for instance, a majority judgment of the listeners. The 
prominencee judgments can also be interpreted as a prominence scale from 0 to 10. 
Sincee there is variability between listeners, it cannot be expected that the scale from 
00 to 10 will represent eleven separate classes. To get a more meaningful prominence 
labell  a hierarchical cluster analysis will be used. Which prominence values will be 
clusteredd and how consistent the listeners were, is the topic of the next two sections. 

2.4.1.22 Differences within and between listeners 

Between-listenerr agreement shows reliability, whereas within-listener agreement 
showss consistency. The differences within and between listeners can be studied via 
thosee 50 sentences that are presented twice to the ten listeners. Table 2.7 presents the 
totall  number of prominence judgments over all 50 sentences per listener. 

Tablee 2.7: Number of prominence judgments per listener after first and second 
listening. . 

Listenerr 1 2 3 4 5 6 7 8 9 10 Total 
Firstt 71 50 160 165 135 132 50 109 156 172 1200 
Secondd 71 51 165 202 130 211 50 149 209 158 1396 

Thee total number varies from 50 to 211 for the 50 sentences that were judged twice 
byy each listener. There are listeners who marked many words as being spoken with 
emphasis,, as well as one listener who marked only one word per sentence as 
prominentt (listener seven). Furthermore, listeners can be differentiated by the 
consistencyy of their marking of words both times they listened: those who marked 
approximatelyy the same number of words each time (listener one, two, three, five, 
sevenn and ten), and those who marked more words the second time (listener four, 
six,, eight and nine). 
Tablee 2.7 gives thus rise to the following questions. Although some listeners judged 
manyy more words as prominent than others, does the larger set of words include the 
wordss in the smaller set? If the set of prominently marked words is a completely 
differentt set, then the reliability is poor. If, however, there is substantial overlap and 
onee listener just marks additional words, then there is only a difference in threshold. 
Too investigate this, a number of crosstables were constructed. Table 2.8 gives the 
scoress of listener one and listener three who marked nearly the same number of 
wordss both times. So these tables show the individual listener consistency. Of the 71 
prominencee judgments of listener one, 48 are the same in both sessions. The 
agreementt is K = 0.63. The consistency of listener three is much better (K = 0.81) 
1422 prominence marks agree in bom sessions. 
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Tablee 2.8: Crosstables of the first and second listening session (of the 50 
sentencess presented twice) of listener one and three. These tables show 
individuall  listener consistency. 

Listenerr 1 first 
Non-prom m 

Prom m 

Total l 

Listener r 
Non-prom m 

425 5 

23 3 

448 8 

11 second 
Prom m 

23 3 

48 8 

71 1 

Total l 

448 8 

71 1 

519 9 91%% K = 0 . 63 

Listenerr 3 first 
Non-prom m 

Prom m 

Total l 

Listener r 
Non-prom m 

336 6 

18 8 

354 4 

33 second 
Prom m 

23 3 

142 2 

165 5 

Total l 

359 9 

160 0 

519 9 92% % KK = 0 .81 

Anotherr question is, up to what level do the judgments of listener one, who is very 
economicall  with his judgments, correspond with those of listener three, who gives 
manyy more judgments. 

Tablee 2.9 shows such a between-subject comparison between listener one and 
listenerr three. The 71 words marked in the 50 sentences of listener one agree for the 
greaterr part (62, 69, 65, 70) with the 165 or 160 of listener three for the first time / 
firstt time and second time / second time comparison, as well as for the first time / 
secondd time and second time / first time comparison. Listener three marked many 
moree words as prominent, which may be so because this listener has a lower 
thresholdd for perceiving prominence than listener one. The overall agreement 
betweenn these two listeners can be expressed in Cohen's Kappa, which we have 
alreadyy introduced in section 2.3.2. The agreement values for these two listeners 
(onee and three) are also given in table 2.9. The agreement value of listener one and 
threee is only approximately K = 0.5, mainly because of the difference in total marks 
off  these two listeners. 
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Tablee 2.9: Crosstable comparison of listener one and three, which shows 
between-listenerr differences. 

Listenerr 3 first 
Listenerr 1 first 
Non-prom m 

Prom m 

Total l 

Non-prom m 

350 0 

9 9 

359 9 

Prom m 

98 8 

62 2 

160 0 

Total l 

448 8 

71 1 

519 9 79%% K = 0 .43 

Listenerr 1 second 
Non-prom m 

Prom m 

Total l 

Listener r 
Non-prom m 

352 352 

2 2 

354 4 

33 second 
Prom m 

96 6 

69 9 

165 5 

Total l 

448 8 

71 1 

519 9 81%% K = 0 . 49 

Listenerr 3 first 
Listenerr 1 second 
Non-prom m 

Prom m 

Total l 

Non-prom m 

353 3 

6 6 

359 9 

Prom m 

95 5 

65 5 

160 0 

Total l 

448 8 

71 1 

519 9 81%% K = 0 . 46 

Listenerr 1 first 
Non-prom m 

Prom m 

Total l 

Listener r 
Non-prom m 

353 3 

1 1 

354 4 

33 second 
Prom m 

95 5 

70 0 

165 5 

Total l 

448 8 

71 1 

519 9 82%% K = 0 .50 
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Tablee 2.10: Cohen's Kappa for all combinations of listeners for the first-first 
combinationn (above the diagonal) and second-second combination (below the 
diagonal). . 

s s o o o o 
4> > 
CA A 
I I 

§ § 
o o 
<o <o 

10 0 

First t 
5 5 

t t 
6 6 

44 5 
Second--

66 7 
second d 

10 0 

Jc^-Éï ï 
0.45 5 
0.49 9 
0.40 0 
0.46 6 
0.31 1 
0.32 2 
0.40 0 
0.35 5 
0.41 1 

0.34 4 

ilr~i.ll ' ' 
0.36 6 
0.28 8 
0.35 5 
0.22 2 
0.42 2 
0.32 2 
0.26 6 
0.31 1 

0.43 3 
0.35 5 

ilïll ï ï 
0.75 5 
0.68 8 
0.66 6 
0.36 6 
0.65 5 
0.73 3 
0.69 9 

0.43 3 
0.34 4 
0.72 2 

UUM UUM 
0.61 1 
0.72 2 
0.27 7 
0.65 5 
0.80 0 
0.65 5 

0.47 7 
0.37 7 
0.72 2 
0.65 5 

fillli l l 
0.55 5 
0.39 9 
0.57 7 
0.54 4 
0.66 6 

0.44 4 
0.37 7 
0.67 7 
0.57 7 
0.63 3 

iï§*3i} } 

0.24 4 
0.66 6 
0.80 0 
0.59 9 

0.39 9 
0.49 9 
0.36 6 
0.32 2 
0.63 3 
0.34 4 

,-\^u-,-\^u-
0.30 0 
0.25 5 
0.32 2 

0.39 9 
0.36 6 
0.48 8 
0.52 2 
0.55 5 
0.55 5 
0.27 7 

::mÉ;M.i mÉ;M.i 
0.63 3 
0.63 3 

0.41 1 
0.32 2 
0.75 5 
0.67 7 
0.69 9 
0.63 3 
0.31 1 
0.51 1 

l^flitf 1 1 

0.65 5 

0.41 1 
0.26 6 
0.62 2 
0.60 0 
0.63 3 
0.58 8 
0.21 1 
0.46 6 
0.61 1 

§|5ï:iM*ï;:ïj f f 

10 0 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

b b 

MeanK== 0.50 

Tablee 2.11: Cohen's Kappa for all combinations of listeners for the second-
firstfirst combination (above the diagonal) and first-second combination (below 
thee diagonal). On the diagonal the within-listener agreement is given. 

Second-first t 
55 6 7 

Meann K = 0.50 

http://ilr~i.ll'
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Inn table 2.10 and table 2.11 Cohen's Kappa is presented for each possible 
combinationn of listeners, and for first and second presentation. 

Forr instance, the first time listeners one and three marked the 50 sentences for 
prominencee the agreement measure K = 0.43, which appears in table 2.10 above the 
diagonal. . 
Thee agreement within listeners is given in the shaded cells on the diagonal of table 
2.11.. Listeners three, five, nine and ten were very consistent (K > 0.7) whereas 
listenerr two was less consistent (K < 0.5). 
Thee agreement between listeners is high for listeners three, four, eight, nine, and ten 
inn all combinations. There are also listeners who agree less, such as listeners two and 
seven.. Not only are they inconsistent within their own judgments, they also do not 
agreee with other listeners. But it must be mentioned that these two listeners actually 
havee a very low number of total judgments: they only give a total of 50 marks (table 
2.7).. Agreement between the listeners is not as low as found for one listener in the 
pilott experiment (see section 2.3.2 table 2.5). 
Differencess within and between listeners exist, but we consider the accumulated 
prominencee marks per word to be a useful alternative for a gradient prominence 
labelingg of the speech material. 

Thesee cumulative prominence marks can be clustered in various ways, for instance 
fourr or two groups, to reduce the labeling variation. This is the topic of the next 
section. . 

2.4.1.33 Clustering of the cumulative prominence marks 

Thee cumulative prominence marks for each word form a prominence scale. If only 
onee listener marks a given word (resulting in a score of 1) this word is considered 
lesss prominent than if all ten listeners mark this word (resulting in a score of 10). 
Sincee in this study ten listeners could mark a specific word, this results in an 11-
pointt prominence scale (from 0 to 10). An 11-point scale may be too fine-tuned 
whereass it is also directly related to the (rather arbitrary) number of subjects we had: 
iff  we had asked only eight listeners to mark the sentences the prominence scale 
wouldd have been a 9-point scale from 0 to 8. Putting similar groups together by 
meanss of hierarchical cluster analyses reduces this scale to a more robust one. To 
thiss end. we constructed a confusion matrix for the twice-judged 50 sentences only 
(tablee 2.12). This matrix shows that some points of the prominence scale are more 
confusedd than others and therefore it is justified to put them together. Based on mis 
confusionn matrix a similarity matrix was calculated and a cluster analysis was 
carriedd out. 

Statisticallyy the similarity of points on a scale can be expressed in different ways, 
whichh results in different cluster methods with differing results. Here the 
hierarchicall  cluster scheme of Johnson was chosen (Johnson, 1967). This cluster 
methodd is based on matrix manipulations. This hierarchical cluster method uses a 
similarityy matrix and has the advantage that each point does not have to be initially 
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Tablee 2.12: Confusion matrix on the basis of the 50 sentences that have been 
markedd twice by 10 listeners. The entry 20 in cell (0;1) means that it occurred 
200 times that words were marked for prominence just once in the first 
listeningg session, whereas in the second session these words were not marked 
att all. The gray scaling is explained in the text. 

Resultingg prominence scale from the first listening session 

0 1 2 3 4 5 6 7 8 99 10 Total 

Totall  258 30 22 24 29 25 28 35 29 26 13 519 

representedd as a point in a Euclidean space. Before this cluster analysis can be done, 
thee confusion matrix given in table 2.12 must be made symmetric and must be 
scaledd for the different row and column totals, which results in table 2.13. The 
numberss on the diagonal are given as 0, so they no longer play a role for the 
clustering.. Each cell is divided by the mean of its row and column total in order to 
correctt for the different totals. To make the matrix symmetric around the main 
diagonal,, each cell is the average of its mirrored counterpart. For instance, the new 
valuee in cell (2;5) and cell (5;2) is the average of the old values of these cells. 
Higherr values on the prominence scale represent more similarity. The cells that are 
moree alike are exactly the points on the prominence scale which are (relative to the 
roww and column totals) likely to be more confused. With the cluster analysis 
accordingg to Johnson (Maximum method), these points were clustered. Different 
scalingg techniques and methods (Maximum, Minimum, Mean) were tried, but the 
scalingg technique described above (with the maximum method) yields in the most 
meaningfull  and interpretable result. 
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Tablee 2.13: Similarit y matrix made from the confusion matrix given in table 
2.12.. Each cell is divided by the mean of its row and column total. The matrix 
iss made symmetric by taking the mean of the mirrored cells around the main 
diagonal. . 

è è 

0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

1 1 
Prominence e 

44 5 
scale e 

6 6 

i l l i t tt 0.1 0.03 0 
0.11 1§11IM0.21 0.16 
0.033 0.21 I J l ! 0.14 

00 0.16 0.14 1 1 1 
0.011 0.06 0.12 0.16 

00 0.02 0.04 0.11 
00 0.05 0.04 

00 0.02 
00 0 
00 0 
00 0 

10 0 

Thee results of various clustering options from five to two clusters are given in table 
2.14.. If the 11-point scale is reduced to five categories, zero stands for  one category, 
onee and two are put together  in one cluster, three is a cluster  on its own, whereas 
four,, five and six, as well as seven, eight, nine and ten, form two more clusters. 
Thesee five clusters could be further  reduced to four, three or  two clusters, as shown 
inn table 2.14. In figure 2.1, for  the clustering as shown in table 2.14, a corresponding 
dendrogramm is painted. The dendrogram shows how the different clusters originated, 
andd on which distance the different prominence values are gathered. The different 
valuess and its clustering are given on the vertical. Firstly , nine and ten are clustered, 
thenn eight is added to this cluster, and thirdl y five and six are clustered, and so on. 
Whichh distances these clusters have, can be seen in the littl e boxes. Using the four-
clusterr  scale is a good alternative, as no groups stand alone except the zero, and the 
originall  scale is agglomerated enough (the dotted line in the dendrogram), while 
leavingg us with enough variation. These four  clusters are: 0 representing no 
prominence,, 1-2 and 3-6 representing the in-between categories and 7-10 
representingg the most prominent words. The points that are put together  on the 
prominencee scale are indicated in grey cells in the original confusion matrix in table 
2.12. . 
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Tablee 2.14: Resulting number of clusters (from five to two) of the hierarchical 
clusterr analyses (Maximum method). The roman numbers are used for the 
neww prominence classes. 

Prominencee scale 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

55 Clusters 

1 1 

2 2 

2 2 

3 3 

4 4 

4 4 

4 4 

'' 5 

5 5 

5 5 

5 5 

44 Clusters 

1 1 

2 2 

2 2 

3 3 

3 3 

3 3 

3 3 

4 4 

4 4 

4 4 

4 4 

0 0 

I I 

II I 

II I I 

33 Clusters 

1 1 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

3 3 

3 3 

3 3 

3 3 

22 Clusters 

1 1 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

2 2 

c c 
2--

10 0 

o o 

8 8 

7 7 

c c 
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S S 

4 4 

3 3 

10.330 0 / / 
/ / 17QS S 1 1 

-^-^ |0212 | 

0.234 4 , , 10.2022 1 
,, I 1 

-- 10.211 
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*^ *^ 

u.. i:.' J 

|0.1622 | 

/ / 

10.1566 | 

Figuree 2.1: Dendrogram using Maximum method. 

0.100 0 
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Tablee 2.15: The absolute and relative numbers of words each of four 
prominencee classes, which is a result of the agglomerated prominence scale. 

Prominencee class 
0 0 
I I 

n n 
m m 
Total l 

Freq. . 
5950 0 
1841 1 
2429 9 
2872 2 

13092 2 

% % 
45.4 4 
14.1 1 
18.6 6 
21.9 9 
100 0 

Thee relative and the absolute numbers of words in a given prominence class are 
presentedd in table 2.15. These clustered numbers are those used for further analysis 
inn chapter 3, chapter 4 and chapter 5. 

2.4.22 Second set marked by one 'optimal'  listener 

Ass we will see in chapters 3, 4 and 5, the prominence prediction and classification 
methodss were developed with the help of the training set; in order to properly test 
thesee methods an independent test set is required. 
Thee labeling of the independent test set was performed in a slightly different way; 
mainlyy for efficiency reasons. The criteria for selecting the test sentences are 
completelyy the same as those for the training material. Simply put, the next 
acceptablee 1000 sentences of the Dutch Polyphone Corpus have been taken (more 
detailss can be found in section 2.2.4 of this chapter). 
Thee prominence marks of the ten listeners are not required for this testing purpose. 
Forr the development of the classification methods a majority judgment is used. This 
resultss in a prominent / non-prominent distinction. A useful alternative for asking ten 
listenerss to mark the whole set of 1000 sentences would be to ask only one 
representativee listener. This listener should preferably have the highest agreement 
withh the other listeners and should be consistent in his / her judgments. The results 
inn tables 2.10 and 2.11, the high within-agreement K = 0.8 (table 2.8) and the good 
between-agreementt show that listener three is the most representative listener. 
Anotherr advantage of reducing the listeners to one representative listener is that it is 
farr less time consuming to label a speech corpus. 

2.4.2.11 Prominence assignment 

Thee procedure for the prominence assignment was the same as for the training set. 
Thee text was presented on the monitor, and the spoken sentence was presented via 
headphones,, with a maximum of three repetitions. The instruction was exactly the 
samee as for the training set, apart from details about the number of sentences and the 
durationn of the total experiment. The listener had to mark words in test sentences 
spokenn with emphasis. Again, the listener could click on each word to mark it for 
prominence. . 
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Thee result is that each word receives a binary labeling (0 = non-prominent, 1 = 
prominent).. In total, listener three gives 3998 word prominence marks for these 
10000 sentences, as specified in table 2.16 This results in, on average, four 
prominencee marks per sentence. This is somewhat higher than for the sentences in 
herr training set, which resulted in an average of 3.4 marks per sentence. This does 
nott necessarily indicate poor consistency, but may rather show a small shift in 
threshold.. Such shifts in threshold were also seen for the listeners who marked the 
trainingg set. 

Tablee 2.16: Absolute and relative numbers of words in the prominence 
judgmentss of the optimal listener three on the 1000 sentences of the 
independentt test set. 

Prominencee marks 
Non-prom m 
Prom m 
Total l 

Freq. . 
6332 2 
3998 8 
10330 0 

% % 
61.3 3 
38.7 7 
100 0 

2.55 Concluding remarks 
Wee have presented an operational definition of prominence. Pilot experiments were 
carriedd out to find a useful operational definition for the remaining open questions. It 
wass discovered that the prominence marks on words achieved by naive listeners are 
consistentt enough and are useful for our further research. The 'open' instruction for 
thee prominence marking task to the listeners (for instance not giving restrictions 
aboutt how many words per sentence should be marked), show that this does not 
resultss in less agreement, but the differences within and between listeners can be 
dedicatedd to a threshold shift. 
Thee cumulative marks per word can be used to express degrees of prominence, but 
thee (arbitrary) scale from 0 to 10 can be reduced to a more useful 4-point scale by 
usingg the hierarchical clustering method. This leaves us with the following 
prominencee marks in the training set: 

-- prominence degrees 0 to 10; 
-- prominence classes 0,1, II and m; 
-- for simplicity sake non-prominent (0 and I) and prominent (II and HI). 

Inn the test set we will frequently use a binary prominence distinction. However, we 
doo not believe that prominence is binary or discrete, but is instead gradual. Only for 
simplicity'ss sake this gradual scale is reduced to a binary one. A similar approach is 
alsoo found in Grover et al. (1997), Grover et al. (1998) and Buhmann et al. (2000). 
Inn search for a binary division one might come up with the two classes 0 and 1-10 
givenn the dendrogram in figure 2.1. However, token-wise the prominence class 0 is 
overrepresented,, which partly explains its unique position in figure 2.1. We 
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thereforee decided to combine 0 and I, as well as U and m to the binary non-
prominentt and prominent class, respectively (see table 2.14). 

Onlyy one representative and consistent listener marked the independent test set. Her 
binaryy marks thus result in: 

-- non-prominent (0) and prominent (1); 

Ass we have chosen to mark word prominence, detailed information about the 
prominencee distribution within a word is not available. Often the most prominent 
syllablee coincides with the lexically stressed one, although mis can differ and can 
shiftt to another syllable in the word. The choice for word prominence makes it easier 
forr the listener to understand the task, because marks are given to meaningful 
elementss (words). However detailed information about the differences in words as 
mentionedd in the introduction 1.1 {ACHTeruitgang (back / rear exit) and 
achterUTTgangachterUTTgang (decline)) is not available. However, it was shown in Streefkerk et 
al.. (1997) that it occurred hardly ever that a highly prominent syllable in a 
polysyllabicc word does not correspond with the lexically stressed one. 

Inn this chapter we described the operational definition of prominence. The listening 
experimentt was designed in such a way that naive listeners mark words for 
prominencee in sentences read-aloud. Generally, there are two sources of information 
thee listeners use for this prominence perception: firstly the information which is 
transferredd by the speech signal, and secondly their knowledge of the language. 
Inn chapter 4 the acoustic correlates of prominence will bee analyzed and discussed. In 
chapterr 3 the textual correlates, which are related to the knowledge of the language 
(storedd information) and prominence will be investigated and used for prominence 
prediction. . 




