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ABSTRACT

We describe the design and creation of prosodic speech databases
for 6 languages. The purpose of the databases is to allow
derivation of prosody models in order to improve TTS synthesis.
The main prosodic variables to model were word prominence,
prosodic boundary strength and phone duration. We describe the
database structure and contents and the methodology for creating
prosodic databases, and we present statistics for the main prosodic
variables.

1. INTRODUCTION

The goal in creating the prosodic databases was facilitating
research and development in the domain of prosody. For this, we
created databases that included word prominence, prosodic
boundary strength and phone duration.

A major priority was the automation of database design and
construction procedures. Automation increases the speed of
production, so the time to produce a prosodic database for a new
language does not require as much time as previously. A beneficial
side effect of automation is an increase in consistency. As part of
our methodology, we apply:

• automatic segmentation of speech to yield phone
identity and duration (Vorstermans et al., 1996).

• automatic and manual prosodic labelling.
(Vereecken et al., 1998)

We are currently using our databases to develop prosodic models .
In order to model prosody well, it is important to include many
factors. The databases however do not contain all those factors.
The information in the databases is limited to: the orthography,
the phonetic representation,  the prosodic transcription and sound
recordings. A lot of factors such as the numbers of phones in a
word, the number of words in a sentence, etc. can easily be derived
from this data. Other factors such as  part of speech or syntactic
phrasing  are derived by lookup table (e.g. consulting a lexicon) or
by calculation external to the prosodic database (e.g.  parsing).

2.  DATABASE CONTENTS

First we describe the databases. There are 6 databases consisting of
140 minutes of speech (approximately 1400 sentences). The
languages covered are: Dutch (DU), English (EN), French (FR),
German (GE), Italian (IT) and Spanish (SP). Databases were
recorded using female native speakers (one speaker per language)
reading aloud isolated sentences and text paragraphs.

The databases contain the sentence texts (orthography), the
recordings, the phonetic transcription, the phone durations
(phonetic segmentation), and the prosodic labelling.

1. Sentence texts. Orthography plus punctuation.

Don't forget the drycleaning

2. Recordings. PCM: 22 kHz, 16 bit.

3. Phonetic transcription. Includes stress, pause,
word and syllable markers.

#dd!Ont f$r-'gg!Et dd!$ 'dd!rY …

4. Phonetic segmentation and labelling.  Includes
phone start times in ms.

#  0.0 
d     202.3 
d!    231.3 
O     248.9
n     352.0
…

5. Prosodic labelling. Includes word prominence
(PROM) and prosodic boundary strength (PBS)
per word.

PROM PBS

Don't 7 0
forget 6 1
the 2 0
drycleaning  8 

3.  DATABASE CONSTRUCTION

Data were processed in the following order:

1. Text selection

2. Recordings

3. Phonetic transcription

4. Phonetic segmentation and labelling

5. Prosodic transcription

We describe the construction of the database in the order of these
steps.
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1. Text selection. The selection of texts was designed to ensure
good coverage of the phones in the language, the text styles, the
speech registers, and other textual factors that might be
prosodically important. There were three types of text selection.
The databases comprise three equal parts, one for each type of text
selection:

 1. Sentences from a selection of text paragraphs

 2. Sentences that cover the important syntactic and
intonational variation in the language

 3. Sentences to ensure good coverage of the
phonetic variation and the punctuation in the
language.

Text paragraphs (Part 1). For the selection of text paragraphs, a
language-general list of text styles, speech registers, and other
textual factors was drawn up. This list of factors to select for
included:

• reported and quoted speech

• topic: politics, science, sport, travel, etc.

• text style: instructional, letter, narrative, etc.

• special text forms: numbers, addresses, etc.

Paragraphs of 5 to 7 sentences that met these criteria were taken
from texts and from material on the Internet to make up one third
of each database.

Syntactically and intonationally important sentences (Part 2).
For the selection of syntactically and intonationally important
patterns, a language-general set of syntactic and semantic patterns
that should be important in eliciting the main intonation patterns
of a language was drawn up. This set was adapted as required for
each language by a native or near-native speaker. Isolated
sentences were then selected to cover the patterns agreed upon.
This set comprised one third of the sentences in the database.

Sentences offering good coverage of phonetic variation and
punctuation (Part 3).  A greedy algorithm selected 400 sentences
so as to offer the best coverage possible of  punctuation and three
phone sequences in the language. About one third of the databases
consists of these sentences.

2. Recordings.   Female native speakers of the desired language
were chosen to make the recordings.  There was one native speaker
per language.

The texts were recorded directly as PCM files into a computer (22
kHz sampling frequency, 16 bit samples).   

The text paragraphs were divided into sentences. The sentences
from all three parts of the database were put in random order.
These isolated sentences were recorded first. Then the whole
paragraphs (Part 1) were recorded.   The recordings of the whole
paragraphs were not further processed and are not included in

current versions of the prosodic databases. These recordings were
made in view of future work.

3. Phonetic transcription. First the orthographic representations
of the sentences were checked against the corresponding
recordings. This step was done by listening to the recordings and
editing the orthography. Next an automatic grapheme to phoneme
conversion program provided a phonetic transcription of the
isolated sentences The phonetic transcriptions of about 250
sentences in each database were manually verified.

4. Phonetic segmentation and labelling. An automatic
segmentation program located the start of each phone in the speech
wave (Vorstermans et al., 1996). For about 250 sentences the
transcription and the placement of phone boundaries in the speech
signal were verified manually.

5. Prosodic transcription methods. The prosody of a small part of
the database, about 200 sentences, was manually transcribed. The
method of manually transcribing prosodic boundary strength and
word prominence is basically the same as that described by Grover
et al. (1997) for American English. Namely, transcribers listen to
the sound file and read the text, and transcribe one word
prominence value (or prosodic boundary strength (PBS) value) per
word. Word prominence and boundary strength are transcribed in
separate sessions. The only differences from the procedures
described in Grover et al. (1997) is in the scale range and the use
of default values.

The scale of word prominence here ranges from 0 to 9, and that of
prosodic boundary strength from 0 to 3, with no prosodic
boundary strength allocated to sentence-final words. For the
transcription of PBS, a default 0 is used; this means 0 is
automatically inserted if the transcriber does not transcribe a PBS
value for a word. Transcription of word prominence does not
include the use of a default value; the prominence of every word
was explicitly transcribed.

The manually transcribed prosody of 250 sentences was used to
develop an automatic prosody transcription program. The
databases were automatically labelled with prominence and PBS
(Vereecken et al., 1998). In order to test our automatic prosody
transcription program adequately, the prosody of the remaining
portion of the databases was also manually transcribed. See
Vereecken et al. (1998) for a comparison of the automatic to the
manual prosodic labelling results. The manual transcription results
are presented here.

4.  DATABASE STATISTICS

First we present some basic descriptive statistics about word
prominence, prosodic boundary strength, and phone duration.
Then we present inter-transcriber correlations.

4.1 Prosodic Boundary Strength Statistics



The percentage of words that was given each value for word
prominence and prosodic boundary strength follow. The PBS or
word prominence value is given in the column header.

Table 1. Percentage of PBS

0 1 2 3
DU 74 12 6 8
EN 63 22 9 6
FR 76 5 9 10
GE 69 15 6 10
IT 78 8 7 7
SP 84 8 6 2

The default 0, indicating an ordinary word boundary, is the most
frequent value by far for all databases, accounting for about 70%
of the word boundaries in the databases

4.2 Prominence Statistics

Table 2. Percentage of PROM

0 1 2 3 4 5 6 7 8 9
DU 1 6 13 18 17 11 9 13 8 3
EN 7 10 11 7 8 10 14 15 11 8
FR 0 6 11 13 10 15 20 15 6 1
GE 1 7 12 11 8 10 15 19 14 4
IT 0 16 12 7 7 12 17 16 9 4
SP 0 4 26 7 5 8 25 16 8 1

For prominence, the extreme values in the range, 9 (maximum
prominence value) and 0 (minimum prominence value), are less
frequently applied than more central values. Transcription is
somewhat skewed toward the higher scale values (5 to 9).

Some transcribers tend to transcribe in a  rather categorical
manner, for example, for Spanish, where one low value (2) and
one higher value (6) could be viewed as high and low prominence
levels. This tendency is less marked, but still possibly present in
the Italian and English data.

4.3 Duration Statistics

In Tables 3 to 6 the mean durations of phones are presented. The
data come from about 250 sentences from each database, for which
the results of the automatic segmentation were manually verified.
The rightmost column is the total number of tokens in these data.

The transcription convention is an adapted form of the
International Phonetic Alphabet. Pauses are represented as #, and
have been arbitrarily presented with the stops.  Gemination is
represented by [:]. Incomplete stops, eg. isolated closures or
releases, and sounds for which there were fewer than 10 tokens,
are not represented in the tables.

Table 3. Mean Stop Consonant Durations

DU EN FR GE IT SP Tokens
# 269 290 208 171 212 303 3494
? 14 57 64 59 36 65 3325
p: 118 129 30
p 89 101 94 90 79 70 2005
b: 87 42
b 64 72 80 64 66 43 925
d: 79 98 75 79 114
d 52 61 60 44 57 43 3166
t: 90 115 96 108 346
t 83 94 87 78 72 64 5683
g 62 76 66 60 55 35 554
k: 113 154 136 130 60
k 91 103 91 98 85 71 2912

Table 4. Mean Fricative Durations

DU EN FR GE IT SP Tokens
B 47 315
T 99 101
D 48 41 970
H 81 88
h 50 62 68 593
S 84 104 89 103 84 850
S: 168 147 16
Z 66 49 78 66 35 47 456
z 64 86 61 66 67 77 1615
s 90 119 101 84 98 79 5149
s: 105 164 137 93 149 91 172
V 87 377
v 53 64 62 52 55 1251
v: 92 88 98 11
f 86 104 106 98 104 81 1330
f: 123 136 160 126 33
ç 95 340
c 74 157
G 63 12
x 86 89 86 695
x: 107 10

Trends that could be expected to occur have generally occurred:
geminated sounds are longer than their non-geminate counterparts;
voiceless stops are longer than their voiced counterparts; there is
consistency in the duration of phones across different languages.

Table 5. Mean Sonorant Consonant Durations

DU EN FR GE IT SP Tokens
j 50 74 47 61 46 52 1448
W 54 48 120



w 53 62 41 46 37 39 911
m 57 69 73 80 64 71 2586
m: 76 94 156 96 104 50
n 59 72 66 79 58 65 7095
N 66 80 61 79 428
n: 94 135 122 109 101 107 138
ñ 46 66 53
ñ: 78 36
L: 83 57
l 48 58 47 60 54 53 4222
l: 71 85 104 75 92 195
r 39 45 53 54 43 42 5632
r: 69 83 84 77 48
R 75 69 947

Table 6. Mean Vowel Durations

DU EN FR GE IT SP Tokens
J 136 155 133 912
y 101 173 79
O 69 141 83 73 126 1216
Y 155 178 151 404
@ 148 170 125 255
i 81 122 72 80 70 64 4976
I 71 63 62 1943
$ 51 51 61 57 4889
0 139 17
U 58 59 516
A 74 135 85 79 2119
E 78 106 90 69 111 2510
ü 65 64 375
^ 68 77 107 92 483
a 133 124 147 133 94 78 5424
â 125 108 520
e 137 82 77 96 73 61 5777
ê 247 115 165
æ 102 451
o 118 109 87 95 78 69 4012
ô 90 103 311
ö 87 129 103
û 104 61
u 85 113 74 79 71 57 1502
Ü 64 64

As expected, voiceless fricatives are usually 20 ms or more longer
than their voiced counterparts. Geminated fricatives are usually
longer by between 10% and 50% of their non-geminated
counterpart‘s duration.

The diphthongs generally tend to be long. Pronounced differences
in vowel duration occurred across languages. Dutch and English
contain longer vowels than the other languages. This is probably

partly due to the expression of lexical stress. Speaker tempo is also
a reason; the English and Dutch speakers spoke slowly, and the
French speaker quite fast.

4.4 Intertranscriber Agreement for Prosody

As part of database verification, 2 sets of 30 sentences from
each database were transcribed by the main database transcriber
and several other transcribers. Some of them transcribed only one
set, but others transcribed both sets. The data in Tables 7 and 8
were calculated by making all pairings of transcriptions of the
same set of data. The correlation coefficient was calculated per
pair. The column N  trans gives the number of transcribers and the
column N pairs gives the number of pairs of transcriptions.
Spearman rank-order correlations were calculated for the PBS data
due to its skew. Pearson correlation coefficients are given for the
word prominence data. The lowest and highest correlations are
given in the columns Lowest r and Highest r in Tables 7 and 8.

Table 7. Intertranscriber Correlations for PBS

N pairs N trans Lowest r Highest r
DU 5 6 0.70 0.84
EN 6 4 0.77 0.83
FR 5 6 0.76 0.86
GE 4 3 0.73 0.81
IT 3 3 0.87 0.92
SP 4 4 0.80 0.88

Table 8. Intertranscriber Correlations for PROM

N pairs N trans Lowest r Highest r
DU 5 6 0.83 0.90
EN 3 4 0.78 0.85
FR 5 6 0.76 0.84
GE 4 6 0.85 0.89
IT 3 3 0.87 0.88
SP 4 4 0.72 0.92

The results are fairly consistent across languages, with a range for
PBS of 0.70 to 0.92 in the Spearman coefficient, with a median of
0.82, and for prominence of 0.72 to 0.92 in the Pearson coefficient
with a median of 0.85. A correlation of 0.75 to 0.90 can be
expected generally for intertranscriber tests, according to these
data.

The correlation for word prominence is somewhat stronger than
that reported earlier (Tables 7 and 8 in Grover et al., 1997) for the
set of 30 sentences in the English database that were used to
develop our transcription procedures. There, the correlation for
prominence ranged from 0.66 to 0.80.

The correlation for prosodic boundary strength is much stronger
here than in the earlier data. We calculated the Spearman



correlation coefficients for the earlier data (Grover et al., 1997).
The Spearman correlation coefficients for that data ranged from
0.52 to 0.83, with a median of 0.60. The correlation coefficients of
less than 0.60 arose uniquely and pervasively when the data from
one particular transcriber contributed to the calculations. The
much better results in our current data can probably be ascribed to
the absence of this transcriber, and also in large part to refining the
training instructions and the PBS scale in light of the earlier
experimental results.

5.  CONCLUSION

We are currently modelling prosody using the data in these
databases and will shortly be conducting perceptual tests of these
models using synthesized speech. With those results in hand, we
will be able to confirm in a more definitive way the adequacy of
our database design methods. Nonetheless, from this survey of the
reliability of prosodic transcription within and across six
languages, it appears that consistency is good enough to warrant
designing language-general databases in the manner described
here.
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7.  APPENDIX

The following tables give the phonetic alphabet used in this paper.
The examples come from English unless specified otherwise in the
Orthography column. An example of each symbol use is given.
The Language column shows for which of the 6 languages the use
holds. “ALL” means that the symbol is used in a consistent way
across any languages for which we may use it. The phonetic

transcription is in the Example column and the orthography in the
Orthography column.

Table 9. Phonetic Symbols and Examples: Consonants

Language Example Orthography
? ALL ?a-?O oh-oh
p ALL pIt pit
b ALL bIt bit
t ALL bIt bit
d ALL dIg dig
k ALL kæt cat
g ALL dIg dig
B SP boBo bobo (SP)
f ALL fæt fat
v ALL væt vat
V DU Veel veel (DU)
T ALL TIn thin
D ALL DEn then
s ALL sil seal
z ALL zil zeal
S ALL SIp ship
Z DU EN  FR GE IT lEZ$ leisure
Z SP tZiko chico (SP)
c DU cap sap (DU)
ç GE mIlç Milch (GE)
x ALL bAx Bach (GE)
H DU lAH lach (DU)
h ALL hæt hat
G ALL ?aGo hago (SP)
m ALL mæn man
n ALL mæn man
N ALL rIN ring
ñ ALL rañjo ragno (IT)
L ALL aLjo aglio (IT)
l ALL sil seal
r EN rIp rip
r FR GE SP IT DU rô rond (FR)
R GE gERn gern (GE)
R SP ka-Ro carro (SP)
j ALL jEs yes
W ALL lWi lui (FR)
w ALL wY why

Table 10. Phonetic Symbols and Examples: Vowels

Language Example Orthography
J DU EN fJl fail
J GE rJt$R Reiter (GE)
y EN fyl foil
y DU vyr vuur (DU)



O EN gOl goal
O DU FR GE IT mOrt morte (FR)
Y EN fYl file
Y DU tYn tuin (DU)
Y GE hYt$ heute (GE)
@ ALL $l@ allow
i ALL sil seal
I ALL bIt bit
$ ALL $l@ allow
0 DU b0k beuk (DU)
U ALL fUl full
A ALL fAl fall
E ALL lEZ$ leisure
^ EN n^t nut
^ DU FR GE p^t put (DU)
a ALL gat got
â ALL blâ blanc (FR)
e DU FR GE IT SP ete été (FR)
e EN kert curt
ê ALL vê vin (fR)
æ ALL kæt cat
o EN dor door
o DU FR IT GE SP pot poot (DU)
ô ALL bô bon (FR)
ö ALL röm$R Römer (GE)
û ALL lûdi lundi (FR)
u ALL ful fool
ü ALL bün$ Bühne (GE)
Ü ALL kÜst$ Küste (GE)


