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ABSTRACT

In this paper a method for the generation of test
vocabularies is introduced, basically aimed for the
assessment of the intelligibility of speech output systems.
The approach is to generate application-oriented
vocabularies which mirror the characteristics of the
vocabulary typical of the application field. Mostly mono-
and poly-syllabic nonwords are generated that follow the
phonemotactic and morphotactic rules of the target
language, here of the German language. Statistic data that
have an impact on the assessment procedure - and thus on
the test results - are taken into account. In the context of

this paper the generation procedure of a test vocabulary

which is typical of an address-optimized synthesis system
is given.

1. INTRODUCTION

In most areas of speech assessment developed test
materials and test designs are adapted to the assessment of
speech quality for a standard vocabulary. Test
vocabularies used so far are e.g., logatoms, standard
words or mono-syllabic nonwords. A widely used
categories of test for speech intelligibility are the so-called
Rhyme Tests [7] or the Modified Rhyme Test (MRT).
Their vocabularies consist of mono-syllabic semantic-
bearing CVC-words. Thus, only the intelligibility of
single consonants is tested. The vocabulary consists of
semantic-bearing words, and thus not only the quality of
the source is tested but also the combinatory competence
of the listener. Moreover, this vocabulary is finite and
public; this can lead to the fact that systems can be tuned
to the test.

In contrast to the Rhyme Test, but based on the same idea,
we mention the CLuster-IDendification-test (CLID-Test)
[6]. It uses a test vocabulary which consists of CnVCn
mono-syllabic words (n is the number of consonants). The
generated test material encloses mainly nonwords; it is
developed in such a way that the frequency of occurrence
of syllable structures and those of the clusters are a mirror
image of a statistics on German moeno-syllables. The
CLID-test is appropriate for the assessment of the overall
intelligibility as well as for the diagnostics of the cluster
identification at different positions in the carrier. With
regard to the Rhyme Test and to the CLID-test, the first
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thing to point out is that the range of their vocabularies is
limited. For instance, if we would like to assess the
intelligibility of TTS-systems that are envisaged for
special applications as e.g., the synthesis of names, it is
reasonable to use a test material that encloses proper
names. In this context, it should be take into account that
the degree of familiarity of names has an influence on its
intelligibility.

In this paper, a procedure for the generation of an
application-oriented test material is introduced. The
system architecture consists of the combination of a
flexible word generator, developed for the CLID-test, and
a morphological analyser. This concept makes it possible
to generate poly-syllabic words. Since our TTS-system is
optimized for the conversion of proper names, in the
context of this paper examples for the generation of
fantasy names will be given.

2. MOTIVATION

Apart from the pronunciation accuracy the intelligibility
of names depends on the individual experience and
recollection of the listener. Subjects listen to names in a
framework of anticipation and association, and they
process their auditory events cognitively. The results of a
listening test for the evaluation of an address-oriented
TTS-system called PHRITTS, clearly showed that there is
a correlation between the degree of familiarity of names
and their intelligibility [1]. Even names that have been
mispronounced by the system were correctly identified by
subjects. This observation can be explained by the fact
that intelligibility does not merely depend on an accurate
pronunciation but also on many other perceptual factors.
If one wants to assess the quality of a speech source it is
advisable to avoid such associations between the stimuli
and the subjects’ combinatory competence. This goal can
be achieved when a non-public test material is used on
which the systems under test are not trained on. In the
following a system designed for the development of such
vocabularies is presented.

3. GENERATION OF THE TEST VOCABULARY

The development of special vocabularies must be
supported by databases from which phonemotactical and
morphotactical details have to be extracted. In our specific
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context - the generation of proper names - we used two
corpora: The first one contains all German city names that
have a Zip-code (21,500 names). The second one is a
subcorpus of surnames taken from a database of 130,000
surnames (22 500 entries). The entries in this subcorpus
cover about 75% of the whole names. Since the approach
presented can also be applied to other vocabularies and in
particular to the German standard vocabulary, for this
purpose we used a third database of 24,000 German
words. All data were available in orthographic form.

3.1 System description

3.1.1 Morphological decomposition: (SyRUB)

The morphological analyser is a main component of our
TTS-system (SyRUB) [2]. It uses context-sensitive rules
for the decomposition of orthographic words into
morphemes. This component is also able to decompose
proper names correctly using  name-oriented
morphological rules. Morphemes are labeled differently
depending on their morphological function: Prefixes are
marked with the number 2’, suffixes, infixes and endings
with ‘4’ meaningful stems with ‘1’ and unknown stems
with ‘0’. Names specific stems (as e.g. "berg", "burg",
"dorf", "mann"..) and onomastical suffixes are also
classified as being suffixes. Examples:

City name:  Hamburg 0 ham 4 burg
Surname: Winkelmann 1 winkel 4 mann

In order to have an error-free mono-syllable word corpus
from which statistical information is extracted, the output
of the morphological analysis is corrected manually. In a
next step, we automatically extracted all mono-syllabic
morphemes. These units could be semantic-bearing words
like "Buch" (eng. book) and "Tisch" (eng. table) etc., or
morphemes which cannot be associated to a meaning.
This is mainly the case in names because their writing has
been fixed in time. Examples: "bam", "ham" in the city
names "Bamberg" and "Hamburg" or the surnames
"Schmidt", "Haas", "wirth".

3.1.2 Grapheme-to-phoneme-conversion: (SyRUB)

The investigation of the German phonemotactics requires
phonemical data. In this step, the mono-syllabic
morphemes are converted into their = phonemic
representation.  The morph-oriented grapheme-to-
phoneme converter used the transcription SAMPA-
Standard (Fourcin et al.,, 1989, S.143-159). Manual
correction of the transcribed words was not necessary at
this step, since all entries were small units (mono-
syllables).

3.1.3 Analysis of the phonetic mono-syllables: (LEX)

The generation of mono-syllabic nonsense words requires
knowledge about the German phonemotactics, ize. that we
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need - apart from the frequencies of the mono-syllabic
structures (e.g., CVC, CCVC,...) - further details about the
combination of vowel- and consonant-clusters and their
frequency of occurrence. These data are computed by an
algorithm that can be applied to any given corpus. The
corpus must enclose the orthographic monosyllabic words
and their corresponding phonemic representations. The
algorithm reports the data on phoneme combinations to a
matrix so that this output can be used by the next
processing step. We found 12 mono-syllabic structures in
the city name corpus and 11 in the surname corpus. It
should be mentioned that the distribution of the mono-
syllabic structures in names is different from the
distribution found for standard vocabulary.

Morpheme decompositions

-

Grapheme-to-phoneme
conversion of mono-
syllables

\

Computation of
statistical data

Analysis of word
v structrues

Generation of mono-
syllabic words

\

Phoneme-to-grapheme
conversion

\4/

Generation of poly-syllabic wordsﬁ;

\

Test material

Fig. 1. System Components

3.1.4 Word generator:(WORDGEN)

The word generator (WORDGEN) in detail described in
[5] is a flexible program developed for the generation of
mainly mono-syllabic nonwords. It uses the abovely
mentioned data to generate a finite test material. The
words generated are phonemotactically correct and thus
suitable for assessment tests. Originally, this tool has been
developed for the CLID-test. It can be applied for several
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languages, since it uses program code independent data
which can be fed in by the system user. In order to
generate a well-aimed test material, the system user can
determine the range of frequency of the syllable structures
and the frequency of occurrence of the clusters that fill
these structures. Those features help to create
phonemotactically balanced test materials that reflect the
statistics on German mono-syllabic words. In the context
of names assessment, for each name type (city names and
surnames) we generate 600 mono-syllables that are in
accordance with the statistical distribution in the database.
It should be mentioned that the word generator is able to
generate as a whole 27,600 different mono-syllable words
for city names and 27,900 for surnames.

3.1.5 Phoneme-to-grapheme-conversion:(IPG)

The word generator produces words that are coded
phonemically. Since most TTS-systems require grapheme
words as input, the phonemic mono-syllables have to be
converted into their corresponding  graphemic
representations. This has been performed using a rule-
based phoneme-to-grapheme converter [3] that has been
trained on a database which contains graphemic words
and their phonemic representations (approx. 16,000
entries). If a phonemic word has different graphemic
correspondences as e.g., the heterographic homophones,
the converter produces in this case all possible
‘alternatives, e.g., /ma:l/ will be represented as <mal> and
<mahl>. In the reported case the majority of words are
nonwords, therefore the number of heterographic
homophones is minimal. The phoneme-to-grapheme
converted words were corrected manually if it was
necessary.

3.1.6 Morphological parser:(MORPSTAT)

_ Under the condition that the generated names or poly-

syllabic words must sound German, our system has to be

supported by an important component that takes the

names structures into consideration. In this step a program

reads all segmented names from the database and

produces the following output data:

- All names structures and their frequency of occurrence.

- All affixes and endings and their frequencies in each
name structure, if any occurs.

- The frequency of stems that fill the structure and the
number of syllables in each stem.

The following example shows the shape of a word

structure and its components:

Struct. Stem:freq. Stem:freq.  Suffix:freq.
freq. 1-syl:854 1-syl: 1086 tal:182

2-syl:453 2-syl:261 ing:333
1357 3:sy1:50 3-syl:10 ow:14

As we processed both databases, we found 210 city name
structures and 43 surname structures.
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3.1.7 Poly-syllabic word generator (MAKENONS)

The generation of poly-syllabic names is based on the
concatenation of morphemes according to the investigated
names structures. The position of stems is filled with one
of the generated nonsense mono-syllabic words. Positions
that must be filled with affixes, infixes or endings, will be
occupied with 'real’ affixes, endings or with the mentioned
names specific suffixes. In this step the distribution of
word structures, affixes and endings are taken into
consideration. In this way, it is ensured that - apart from
the correct phonemotactics - the generated test material is
a morphologically balanced one. To avoid that the
generated test material is not included in our reference
corpus, a search procedure has been performed. The
following examples are taken from the generated test
material.

City names Surnames Standard words
Schlofenhorn  Stuhner Andurtigung
Groffhausen Biiitscmidt Behankert
Deugenweier  Défhardt Entréhnung
Schleipestahl Sohnendorfen Ausnauscht
4. LISTENING TEST
4.1 Test Run

We selected 25 city names and 25 surnames to be used for
a listening test. In order to facilitate the subject's task, the
proper names have been integrated in sentences, as e.g.:
- Dieser Bus fihrt nach Drubelhiitten (eng. This bus goes
to Drubelhiitten).
- Doktor Schmintberger, bitte zur Auskunft (eng. doctor
Schmdontberger, to the information please).
The sentences have been pronounced by a female speaker
and synthesized by two different synthesizers. To ensure
that both synthesizers are fed with the same phonemic
transcription, we connected the name-oriented grapheme-
to-phoneme interface to each of them. The first
synthesizer (labelled with A) is based on diphones, the
second one (labelled with B) is a demi-syllable
synthesizer.

The listening test has been run as an open response test
with 22 subjects. They were instructed to give an
orthographic representation of the name they just heard.
The stimuli were presented via headphones at 8 kHz
sampling frequency for the synthesizer (A), 16 kHz for the
synthesizer (B) and 32 kHz for the human speaker. On
average, a test takes about 45 minutes, in this case the
whole test is carried out in only one session.

To evaluate the degree of intelligibility, the subjects'
responses were compared to all possible graphemic
representations of the stimulus. For instance, if the name
'fehn' is presented and a subject responds with 'feen' or
'phehn’, these answers would be correct. The comparison
is supported by a reference database that includes all
possible representations of phoneme clusters.
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4.2 Test Results

The test results gained from this listening test are shown
in Fig. 4.1. The overall intelligibility related to natural
speech is 70%, whereas the synthesizer (A) and (B) reach
only approx. 40% and 31% respectively. It can be seen
that the identification quota gained with the diphone
synthesizer (A) is on average 10% higher than the one
gained with the demi-syllable synthesizer. Such high error
rates do not imply that synthetic speech is inappropriate
for use in application. This evaluation is a very stringent
test that identifies all possible errors. Moreover, in
contrast to the Rhyme Test, the vocabulary used consists
of consonant clusters, aftixes and nonwords.

Overall Intelligibility
(50 stimuli are used)

S3;s. A Human Sys. B

Tested Systems

Fig. 4.1 Overall Intelligibility

In Fig. 4.2 the identification scores per subject are listed.
These results show that all subjects perform better for
natural speech. Having a close look at the data, it can be
seen that the majority of subjects understood system A
better than system B. This may be explained by the large
units that the synthezier B uses (demi-syllables) and the
procedure of their concatenation.

Identification quotas per subject

“ ”iilill%i!lln L

7 1 18 15

“oo3cZ

Subjects

Fig. 4.2 Individual Results

5. SUMMARY

In this paper a new method for the generation of goal-
directed test vocabularies has been introduced. The kernel
of this architecture is based on the connection of
phonemotactically balanced mono-syllabic words with
respect to the German word structures. Statistical factors
that have an impact on the assessment procedure and thus
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on the results are taken into account. In the framework of
the assessment of an address-oriented synthesis, this
approach was useful to generate a new vocabulary that
consists of German fantasy names. This test material has
been used in a listening test which involved a human
speaker and two synthesizers. In our case here we
performed a pilot test with a restricted vocabulary (50
words only). Our aim was to investigate the test itself, the
behaviour of subjects and the information given by the
test results. In this pilot experiment it could be proven that
useful and valid data were collected. In order to assess a
TTS-system in a more detailed way, it would, of course,
be necessary to generate a richer vocabulary. That can
easily be done by the word generator.

Since at present this approach is developed for the
German language, it would be interesting to investigate if
and how this method works for other languages.
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