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ABSTRACT .

This paper is based on experience gained in connection with
the German Government'’s spoken language data collections
PHONDAT ! and Verbmobil-PHONDAT. It addresses some of
the basic decisions that have been made to guarantee that the
resulting speech signal database system can find broadest
applications. PHONDAT was planned not only to serve speech
technology with respect to reliable German training and
assessment material for speech recognition devices and/or for
text 10 speech systems, but also to enable the further
development of phonetic knowledge of spoken German. Only
after enough empirical data have become available in a proper
formazt can the actually spoken form of a language be formally
represented through a phonetic theory in a sufficiently
complete manner. If we call such a phonetic theory of a given
spoken language a complete phonetic theory, CPT, then the
final aim of the PHONDAT projects consists in contributing to
the development of a CPT of spoken German.

Keywords: phonetic segmentation, phonetic labelling, speech
data bases.

1. THE PRINCIPAL QUESTION
TO BE ANSWERED BY A DATABASED CPT

There are two ways to pronounce words. A word can either be
uttered in isolation (as in speech acts where a word is singly re-
peated or is formally demonstrated to the linguist by an infor-
mant or in situations where a word is read from a list) or it can
be spoken in connection with other words, in running speech of
different styles. The principal question that a databased com-
plete phonetic theory, CPT, of a spoken language (in our case:
spoken German) should be developed to answer is: what are the
possible segmental and suprasegmental (prosodic) forms that
the words of this language can take in regular utterances pro-
duced by the speakers of the given language (possibly includ-

ing regional versions of this language).

! PHONDAT is the name of a joint research project of the

universities of Bonn, Braunschweig, Kiel and Munich
(cf. /41, 15
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Traditionally, the phonetic forms of words have been looked at
under the very special condition that these words were pro-
duced in isolated demonstrations. Only if a word is produced in
isolation do we get the narrow or broad phonetic transcriptions
of so-called citation forms, and it is always just this special
phonetic form of words that is supplied by ordinary pronounci-
ation dictionaries. Here it should also be mentioned that the
SAM-PA, the phonetic alphabet developed for European lan-
guages, is practically restricted to the lexical representation of
this type of citation form.

The great systematic variation which words show in actual
speech utterances and which remains inconspicuous to the
everyday speaker and listener has traditionally been ignored by
many speech scientists. And this is especially true if
phonological word representations are considered which
theoretically presuppose that a phonetic transcription of the
citation forms of singly spoken words is available. In the
framework of a CPT these ‘citation forms’, which have been
also characterized as alphaberically explicit /6/, must be related
in a systematic way to the prosodic and segmental variations
and modifications of the phonetic form real words undergo in
actual speech. CPT answers the question what the words of a
spoken language will look like in a given utterance by
predicting the segmental and prosodic modification of the
explicit forms (phonetically represented in the lexicon) as a
function of syntactic, semantic, pragmatic categories or other
factors such as the individual characteristics of different types
of speakers.

2. OVERLAPPING WORD SEGMENTATION

If an actual speech utterance is transcribed narrowly enough
and if the segments of the speech signal are given the corre-

There is a second CPT-question of interest that can be
asked when the first has already been answered, namely,
what is the typical deviation in the form of these words
when they are uttered by L2-speakers, as, e.g., in the
case of German spoken by native speakers of French, or,
to take another well-known example: how do French
words look if uttered by L1-speakers of RP- or
American English, etc.
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sponding labels it is in many cases not very easy to relate the
resulting sound stream to single word segments unambiguous-
ly {cf. Barry and Fourcin /1/ who present and discuss a rather
complete set of examples). In PHONDAT we have decided to
allow overlapping word segmentation as can be seen from the
example of Fig.1a where no boundary between the two words
“meinen neuen” can be drawn. Here a single sound segment
which is clearly to be labelled as the voiced nasal consonant [n]
can be related both to the final syilable of the word “meinen” as
well as to the first consonant of the word “neuen”. This type of
word alignment requires that some prototype of the lexical
items is available to the (human or artificial) segmenter.

In PHONDAT we have adopted the IPA conventions for the
computer representation of individual languages which state
that at the symbolic level there should be at least three types of
information:

(i) the orthographic form of the spoken text,

(ii) abroad (phonemic) representation of the words uttered
in isolation, and

(iii) a (narrower) phonetic transcription characterizing the
actual phonetic form of the given utterance.

Thus it is possible to relate sound streams labelled and seg-
mented at a narrower level to a canonic representation of the
given words. The advantage of a simple orthographic represen-
tation is that it allows a neutral identification of lexical items in-
dependent of any specific thecretical form of lexical represen-
tation (which forms nevertheless becomes accessible via the
orthographic word form). The phonetically broad representa-
tion of the citation form is of specific interest because it can be
related to the actually given form of the word, and this relation
is fundamental for any CPT. In PHONDAT we have adopted a
slightly modified SAM-PA for the representation of canonic
word forms.

3. TWO LABELLING STRATEGIES

The Munich institute’s segmentation and labelling system (a
phonetic workbench called PHONWORK; cf. /7/) was
developed to enable fast manual segmentation and labelling of
large amounts of speech data. Two different labelling strategies
have been implemented in this system, a rather free and arather
restricted one.

In the first case, as soon as the user has opened a segment that
can accept a label, he is free to choose any category from the
palette of the IPA - be it symbol or diacritic. Thus the user is
completely free to produce even a very narrow transcription of
the given utterance. In this case, the broad canonic wordform is
not shown to the user of the system. Word alignment is
achieved by the segmenting person who activates the ortho-
graphic word in the list presented to him on the screen with the
mouse and then clicks the first and the last segment in the string
of the word’s segments which then (as can be seen in the upper
part of Fig. 1) are crossed by a descending line. If a word has
only one segment the crossing line stays within this segment,
which at the same time can also belong to the foregoing or
following word or to both of them.

In the more restricted second case the canonic form of the word

EUROSPEECH 93, Berlin, Germany, September 1993

is shown to the user in SAM-PA notation. As soon as the user
has opened a new segment of the speech wave for receiving a
label the user is restricted by the given canonic form to react in
only one of four possible ways. In Fig. 2 this is exemplified
with respect to four possible variants of the German word
“fiilnf” whose canonic form is given as /fYnf/.

(i) If the first two segments of this word have already been
labelled as a voiceless labiodental fricative [f] and a more or
less rounded front vowel, it is possible that the third segment is
to be transcribed as the nasal [n], just as in the canonic form.
This is also proposed by the segmenting system to the user who
simply will accept it if in the given utterance the speaker has in
fact pronouced the word “fiinf” that way. But in many cases
speakers do not articulate this word in the form of its canonic
description.

(ii) If the speaker had said [fYmf] instead, the user of
PHONWORK has to reject the proposed canonic /n/-label and
to replace it by the symbol [m]; the information “n-m” is
written to the label file, meaning “/n/ is replaced by [m}”.3

( (@ )
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Hiv #i#z  #Hm #i#n #ih
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s@- $n-
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Fig.1 Two labelling strategies: (a) segmentation and
narrow phonetic transcription with later (partly
overlapping) assignment to orthographic words, (b)
segmentation and labelling according to canonic
word forms (see text for details)

(iii) If the speaker had uttered something like {fcempf] the user
will open a new segment, send the f (canonically proposed as
the next segment) back to the stack and take a label from the
IPA-palette, which in our example will introduce a new sound
segment which is written to the label file as “-p”, meaning
“nothing is replaced by p”.

It should be mentioned that even speakers of German
who regularly read also in isolation the word “fiinf” as
[fYmf], would not accept this notation as a possible
canonic form. We will address this interesting obser-
vation on another occasion.
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(iv) Finally, if the the speaker had uttered this word in a given
context as an unstressed syllable with a possibly nasalised
vowel but without a nasal consonant, a zerolength segment
labelled “n-" would be written to the label file meaning, “the
canonic /n/ is replaced by nothing”.

ﬁanonic Jorm realized as \
f
(@ [fYnf] Y
with (segmental) identity lfl
f m
(b) fYmf] Y =§
substitution . xf\‘-m 3
£fYnf/ &
f 8
(©) fYmpfl Y 3
n-m g‘.
insertion -g =
f
@ Y Y-y~

\ deletion 'fl- /

Fig. 2 Four rypes of relations berween level 2 and level 3 of
symbolic description (see text for details)

It should be pointed out that because of the second and third op-
tion - replacement of a given canonic category by something
new or insertion of a new category - the restricted labelling
strategy offers the same symbolic power to the user as the un-
restricted strategy does. But despite this fact it is not surprising
to see that if we compare the label files of the same utterances
produced under these two different labelling strategies we find
a much higher degree of consistency in the labelling judge-
ments in the second case. The difference to the interindividual
consistency score of labelling jugements as earlier presented in
/2/ is given in Fig. 3. It can be clearly seen that especially in
cases where the comsistency was low under the first labelling
strategy there is a dramatic increase of consistency under the
second strategy. For details see /3/.%

4. PURELY ACOUSTIC LABELS

As can be seen from the examples given in /1/ so-called purely
acoustic as well as acoustic-phonetic labels (such as the silent
interval, the release burst, aspiration of stops; cf. Fig.4) vary
strongly depending on the segmental and prosodic variation of
the phonetic word form in connected speech. Only in isolated
instantiations of a given word do we find that these acoustic la-
bels apply in the expected way consistently. But isolated word
demonstrations are a very special case of especially clear
speech. Thus the principal question of CPT can also be formu-

Inconsistency in labelling judgements indicates unclear
cases which are of special interest for all CPTs
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lated with respect to these purely acoustic labels.

[ e @ N

%
g
3 75—
=
s
Fd
2
2 50
2
8
=
2
g 25—
'
2
‘;::e'voiced v]zlsc:’voiced front central backgl ctal
: o
plosives fricatives laterals nasals vowels stop
75
%
s S0
e
£
25 -
]
Toes Voiced ass Voiced front central back

less Yoiced
glottal
plosives fricatives laterals nasals vowels swy

Fig.3 Interindividual consistency of labelling in free
narrow phonetic transcription (a) and the
enhancement of consistency when using canonic
word forms (b)

We were able to show (cf. /2/) that the distinction between clear
and less clear phonetic forms is very helpful in explaining the
differences of consistency of labelling judgements in the case
where humans are segmenting acoustic speech signals. The
very low consistency degree in the labelling of canonically
given prevocalic glottal stops of German words (see Fig. 3a)
may be explained by the fact that in reduced speech this stop
category can be signalized through a whole set of voice
qualities. Thus, even if the listener still perceives a trace of the
full glottal stop in a sudden change of vowel quality - especially
of interest in intervocalic glottal stop positions at word
boundaries - it may be very hard to delimit a specific segment
in the speech signal according to purely acoustical labelling -
categories. It is very informative to see that in this special
situation there is a great gain in labelling consistency as soon
as the more restricted labelling strategy is introduced.

But on the other hand it becomes evident here that any type of
CPT must look especially closely at these purely acoustically
defined labelling categories if the modifications of canonic
word forms in fluent speech is the issue. The PHONDAT
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database of spoken German has been organised in such a way
that the data can be quite easily analysed to answer the central
CPT question. The more data are made available the more
complete will be the answer to the question concerning the
possible phonetic forms also in terms of acoustic labels.

6) orthographic \
Wie finden sie meinen neuen Hut? ——1

wie v+
finden ('Ind@n
. 2. Si€ 21+
lexical entries: meinen meala@n
neuen 0'0OY@n
Hut h'uzt
(2) canonic word forms , _I
#4v'ic+ #80Tnd @n #z'i:+ #9m°aln@n ##n°OY @n ##h u:t
(3) actual word realizations
#v #4z  #4m ##n ##b
$i+ $1 $'ic+  $al L¥0) ¢ S‘u:
o So- s@ st
s se- $a
se- $o-
$a
(4) sound segments

T FRL FETRT I+ ToRR Bl

(5) subsegmental acoustic-phonetic events

w4

[ T Jome] ]

aspiration transition  burst

\ transition aspiration J

Fig.4  Levels of segmentation and labelling (see text for
details)

5. MULTISENSOR DATA COLLECTIONS OF
ARTICULATORY SPEECH PRODUCTION

When the first experimental phoneticians (such as Rousselot in
France or Meyer in Germany) used instruments to measure
speech signals they argued that more than one speech curve is
needed to get a complete picture of the articulatory speech
movements. And it was Menzerath and de Lacerda /8/ who first
formulated the theory that many simultaneous articulatory
speech movements must be looked at to explain why and how
just one audible and segmentable acoustic speech signal can be
the given result for speech communication; cf. for more details
Tillmann (in press). With the data available at their time they
could only formulate this metatheory and not work on the
development of the theory itself.

With our current possibilities of not only collecting but also
handling very large amounts of speech data we should come
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back in speech science and spoken language research to the
classical questions of early experimental phonetics. The still
missing multisensor data could be used to throw a better light
on the very complex articulatory processes of speech
production. Without a better understanding of the processes
modifying the canonic forms of words in fiuent speech it will
not be easy to understand why and where and when the purely
acoustic label categories do apply or disappear in connection
with the given word.
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