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Abstract: The Department of Speech Science and Phonetics at Martin-Luther-Univer-
sity Halle-Wittenberg is traditionally linked with orthoepy research. Since 2017 the
Department is running a Standard German Pronunciation Database, called Deutsche
Aussprachedatenbank (DAD), which contains more than 130,000 entries. This data-
base is currently being further developed in cooperation with the Professorship for
business informatics at Technical University of Applied Sciences Wildau. The Depart-
ment of Speech Science and Phonetics published three pronunciation dictionaries since
the middle of the 20th century, the last one in 2010 [1]. But databases have many
advantages over books, so in the 21st century the development of a database was a
logical step. Especially audio files for the individual entries offer great added value.
At this point, however, there is also a great need for developing because the audio files
have to meet very specific criteria. The reason for this is that the phonetic characteris-
tics of all entries must be reproduced uniformly and unambiguously. In our contribu-
tion we will give an insight in the German Pronunciation Database (DAD) and show
functions of the current version. At the same time, we are going to mention limitations
that are linked to this version. Finally, we give an outlook on technical and content-
related expansions that are planned in the future.

1 Introduction in orthoepy research at Martin-Luther-University Halle-
Wittenberg

At the Department of Speech Science and Phonetics orthoepy research is one of the traditional
research areas. Since the beginning of these researches, pronunciation of standard German is
analysed empirically through sociophonetic investigations, acoustic analyzes and evaluations
of acceptability [cf. 1; 2]. The results have been published in the form of several pronunciation
dictionaries, recently the Deutsches Ausspracheworterbuch (DAWB - “German Pronunciation
Dictionary”) [1]. The orthoepy research at Halle university is traditionally characterized by a
descriptive understanding of pronunciation norms defining the following characteristics of Ger-
man standard pronunciation [cf. 1]: It doesn‘t contain any dialectal features or colloquial forms,
it can be understood in all German regions and social groups, it is used and expected in official
public situations and its use promotes prestige in these situations, it is characterized by different
types of articulatory precision, it is codified and is by that able to fulfil regulatory functions.

The recommended pronunciation applies especially in fields in which people speak con-
sciously of form, like audiovisual media, stage, education, speech therapy and German as a
foreign language. People expect use of standard pronunciation from persons that work in these
fields how Hollmach [3] showed in a representative survey.

2 Pronunciation Databases in common

2.1 Restrictions in pronunciation dictionaries

The book format of an orthoepic code has some restrictions that limit users as well as research-
ers in their work. The main reason for these restrictions is limited space. This means that many
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additional information cannot be given. For example the phonetic transcription of standard pro-
nunciation is done using International Phonetic Alphabet (IPA). Another phonetic spelling like
XSAMPA wouldn‘t find place in a dictionary and would also reduce clarity there. The provision
of further information is also restricted. In the DAWB the lexical meaning is only given, if an
identically written entry has more than one meaning, like German August (month) [agg'vst] vs.
August (name) [ aggoust]. Further restrictions concern the naming of indications of origin and
the representation of pronunciation variants.

2.2 Opportunities in pronunciation databases

While the book format is associated with many restrictions, as shown in the previous chapter,
a database allows a wide range of uses and expansion options for the existing amount of data.
In contrast to a linear dictionary a web application can be used hypertextually. This makes links
possible between individual entries and also to other websites that provide for example etymo-
logical information. Pronunciation databases provide several search functions, which signifi-
cantly simplifies use. If you are looking for words with certain combinations of letters or even
phones in certain positions or syllables, you can find them using the search box syntax. Of
course, it is possible to search for IPA characters as well as XSAMPA characters and their
combinations. There are also filter options to sort entries by initial letters, the indication of
origin or number of syllables. Furthermore, you can give multimedia additions like audio files
that make the transcripted pronunciation audible. The addition of audio files is certainly one of
the greatest advantages that pronunciation databases have over dictionaries. Because many us-
ers are not used to read phonetic transcription and have difficulties to realize the pronunciation
information correctly in complete. But for optimal usability some criteria for audio files should
be considered.

2.3 Criteria for audio files in pronunciation databases

In audio files the audible pronunciation should reproduce unambiguously all features of the
phonetic transcription such as aspiration of plosives, the in German very common devocaliza-
tion of consonants in positions after voiceless fortis consonants or elisions. This is what many
text-to-speech systems (TTS) are not able to achieve, although they have been improved sig-
nificantly in recent years. When using TTS for generating audio files it is required that the API
can be individually adapted to the transcriptions particularities. So it would be possible to train
the TTS system to implement regularly occurring phonetic features in generating audio files.

An orthoepic database should be free of dialects or individual pronunciations. Websites
like forvo.com, that produce their audio files with the help of the user community cannot meet
this criterion. Often you can find more than one search result there and all of them give different
pronunciations. For example if you search for the word Bonbon (what’s a kind of candy): This
word is used in German but has its origin in French. User may want to know, which syllable is
stressed in German pronunciation - Does it show the typical stress on the first syllable, like
many German words, or does it have its stress on the last syllable, what’s typical for French
word accent? In January 2021 forvo.com provides three audio files of the word Bonbon that
were spoken in by three different persons. In one version the first syllable is stressed, in another
version the second syllable is stressed and in the third version both syllables are equally
stressed. Although there is even given an IPA transcription (which forvo.com doesn’t provide
for every word) users stay left alone with their question because in this transcription there is no
primary stress marked: [b3.b3].

One last criterion for audio files that should be mentioned is the voices uniformity. If you
use different voices (real or synthesized) it could happen that users are not able to distinguish
which features are only individual and have no orthoepic basis (e. g. in aspiration degree or the
specific realization of word accents). This illustrates another argument for TTS because with
synthesized voices you are able to add or revise single words after years without differences in
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voice quality, while a real speaker might then no longer be available or his/her voice has
changed.

3 German Pronunciation Database (DAD)

The German Pronunciation Database (Deutsche Aussprachedatenbank DAD) has been devel-
oped by researchers at the Department for Speech Science and Phonetics at Martin-Luther-
University Halle-Wittenberg in cooperation with the Professorship for business informatics at
Technical University of Applied Sciences Wildau for some time. This database can be seen as
a further development of the German Pronunciation Dictionary (DAWB; [2]). Already since
2011 the data pool with 130,000 entries exists. It was generated out of the DAWB dictionary.
This data pool was subjected to a quality assurance control with regard to correctness and com-
pleteness of the entries as well as usability and systematics [4]. After that some systems were
tested and the first version of the Pronunciation Database was set as a DokuWiki system. The
first entries in this database can be dated to 2017. Based on the criteria mentioned in chapter
2.3 it was determined that audio files should be generated using a TTS system. For this purpose,
the available data first had to be prepared and supplemented with additional metadata [5]. Since
the middle of 2020, is being reengineered to overcome weaknesses that arose from old
DokuWiki system.

3.1 [Insight into the DAD

If you are looking for a certain word, you can use the search box. Depending on the entry one
or more search results are displayed. For example the query for “Forsythie” (forsythia) only
yields one hit, but the query for “Kaktus” (cactus) results in several hits including “Kaktusfeige”
(prickly pear) and “Echinokaktus™ (echinocactus). In figure 1 you can see the orthographic
search for the word “Aussprache”, which returns four hits.

Worterverzeichnis

Durchsuchen: alle Sprachen
ABCDEFGHIJKLMNOPQRSTUVWXYZ

Filterung mit %title% *~ Aussprache

Zeige alle (Filter/Sortierung l6schen)

# |Stichwort Herkunft Aussprache Silbenzahl
1 Aussprache ['apsfpraixa] 3
2  Aussprachefehler ['apsfpraixofe:le] 5
3  Aussprachekodifizierung ['apsfprarxekodifits izkup] 8
4  Ausspracheworterbuch ['apsfpraixev ce“tebuix] 6
a1 CSV-Export

Figure 1 - Screenshot of the DAD - search result for the word “Aussprache”

You can not only search for words in their graphematic form, but for combinations of IPA
segments, too. The phonetic search is a central component of DAD and is supported by a virtual
IPA keyboard that maps all vowels, consonants, diacritics and suprasegmentals according to
the International Phonetic Alphabet (Figure 2).
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[de' a'dle' Deutsche Aussprachedatenbank
Ae A A

MARTIN-LUTHER-UNIVERSITAT HALLE-WITTENBERG

‘ @de 'a2s Q

Die Suche kann mit| @de auf das Ausspracheworterbuch eingeschrankt werden. Hilfe zur Suche

IPA Keyboard
Konsonanten
bilabial ' labiodental | dental alveolar = postalveolar retroflex palatal | velar uvular pharyngeal glottal

Plosiv p b t | d tldl [Lelis] |[k]lg] |La]ls H
Nasal m m n n n n N
Vibrant B r R
Tap oder Flap v [ r
Frikativ ¢ B fllv 08 |lsliz 3 sz ¢lld x|Ly X L& hl§ hilh
Lateralfrikativ t||B
Approximant L 1 1 i W
Lateralappro- | l A L
Ximant
Vokale Diakritika und Suprasegmentalia Weitere Symbole

vorn zentral hinten Haupt-/Nebenakzent bl I [¥] reduziert
hoch, gespannt ii||y illa wlu lang . [x] reduziert
hoch, ungespannt I|lx U Silbengrenze - [e] reduziert
mittelhoch, gespannt el o 9|le ¥ |0 verbunden o] (] stimmhaft labial-
mittelhoch, ungespannt | | £ | e | = allzl[elle Allo tinnios velarerl

Approximant
flach a|l e alo silbisch/nichtsilbisch
nasaliert

Figure 2 - Screenshot of the DAD - virtual IPA keyboard

For example, the phonetic search in the editorial portal for the syllable ['ags] finds three hits,
which have to be revised by editors (Figure 3).

Redaktionssuche
Filterung mit de.ipa *~ 'ags

Zeige alle (Filter/Sortierung 16schen)

# |Status Stichwort Herkunft Aussprache Silbenzahl

I 'ads

1 Auster ['agste], ['aste] 2

2 Austria ['apstyia:], ['ostyia:] 3
3 Firdausi persisch  [fi*d'asi:] 3

(pers.)

@m CSV-Export

Figure 3 - Screenshot of the DAD - search results for the phone combination [ags]

An entry in the DAD consists of five or six lines. A sixth line comes into play when entries
have a foreign language origin. As you can see in figure 4, the first line is the word in
graphematic form. Below is the transcripted pronunciation with IPA characters. In lines three
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and four you can find information on the number of syllables and the accent pattern. At last the
transcription in XSAMPA characters is given.

MARTIN-LUTHER-UNIVERSITAT HALLE-WITTENBERG

[de: . a:d' e:] Deutsche Aussprachedatenbank

Suche

Die Suche kann mit @de auf das Ausspracheworterbuch eingeschrankt werden. Hilfe zur Suche

IPA Keyboard
Zuletzt angesehen: - Aktuelle Informationen - Sachsen-Anhalt

« Hauptseite
Erweiterte Suche im

Ausspracheworterbuch Sachsen-Anhalt

« Uber die DAD

» Hinweise zur Eindeutschung -
. Hinweise zur Transkription Aussprache: [ZlakSI,l anhalt]

= Redaktionsportal
+ Kontakt
« Rechtliches

Silbenzahl: 4
Akzentmuster: 3142
SAMPA: z%ak.sn =."?an.halt

Figure 4 - Screenshot of the DAD with the opened entry “Sachsen-Anhalt”

The accent pattern reflects the accent level assignment which was carried out automatically
based on complex rules. This approach was particularly important with regard to speech syn-
thesis. In German standard pronunciation we find a typical rhythm, that is created by a change
from stressed and non-stressed syllables. To depict this rhythmic structure all entries were pro-
vided with a four-level pattern:

Level 4 represents the primary stressed syllable. Every word has only one primary stress.
Level 3 marks all syllables that are secondary stressed. Not every word contains a secondary
stress, but there are also words with more than one, like multi-part compounds. Level 2 indi-
cates all syllables that could potentially be stressed in German standard pronunciation but aren’t
stressed in the concrete word. Eventually level 1 marks syllables that cannot be stressed in
neutral realization (not emotional, not contrasting) of German standard pronunciation. That
concerns syllables which include German reduction vowels [9] or [e] or elided vowels.

3.2 Problems of the application used

The beta version of the DAD currently in use is the web-based Open Source wiki software
DokuWiki. The application enables user administration and rights assignment, editing and re-
search as well as versioning of changes.

The DAD currently has 27 users of scientific departments. Of these, 11 are editors with full
writing rights and 8 are lectors who verify changes made by editors. Another 8 users are guests
from scientific institutions who accompany the development of the beta version.

Since November 2018, 20,295 changes have been made by editors to the database, which
currently contains 133,908 keyword entries (as of January 17th 2021). With the intention of
increasing the number of verified entries and adding many new entries to the database, the
number of editors and users should also increase.
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However, with the use of DokuWiki comes the need to integrate many third-party depend-
encies. The further development of these community plugins, which are necessary for editing
and searching entries, cannot be controlled and no future support is guaranteed. This results in
the demand for an optimised front-end back-end structure according to the data format, which
allows searching the pronunciation database, editing entries and versioning changes.

Even if basic functionalities of queries and filters of the database already exist with the
search of the Dokuwiki application, long loading times of the search queries of the SQLite
database as well as missing functions such as pagination, proper alphabetical sorting or an easy-
to-use IPA keyboard severely limit the user experience.

4 Further developments of the German Pronunciation Database (DAD)

4.1 Re-implementation with a universal web framework

Due to the aforementioned limitations a new web interface for the DAD is being developed in
a student project at TH Wildau. The new concept envisages to use the web framework Django
which gives the flexibility to implement complex features that cannot be realised with
DokuWiki. Django is a very versatile framework for web applications. It is implemented in
Python, which is among the most popular programming languages [6]. Since the initial release
in 2005 Django is widely used by many companies like Instagram, Dropbox and Uber, where
it powers very large applications [7]. The most prominent features of Django are [8]:

user authentication,

database models,

admin interface,

support for multiple database back-ends.

The built-in user authentication and user management system is used to realise the role
model for editors, lectors and users. The concept of the user management is similar to that of a
web content management system. It consists of different permissions which are assigned to user
roles. Most important is the copy-editing process which is distributed over multiple steps and
persons.

In terms of the data base models, the improvements over the current version include the
extension of the database schema. The DokuWiki solution cannot store with additional content
and information like audio files, tags, meta data and semantic data, therefore this must be in-
corporated into the new data model. Furthermore, the revision system of changes in the DAD
has to be adjusted in the database. Each editor must be able to display a history of the changes
of a specific dictionary entry.

The advantages of the built-in admin interface mostly lie in the reduction of development
time, since in all phases of the implementation access to data on a non-programmer level is
granted. This helps in the transition process from the old system to the new one. The full flexi-
bility of a web framework is also needed in the user interface. Due to new user demands, a new
start page should show a clear, user-friendly front-end, which is also optimized for mobile de-
vices. Django offers the possibility to implement modern user interfaces with state-of-the-art
Javascript libraries [7].

The flexibility in changing the database back-end is an important factor in future develop-
ment. The current prototype runs on MySQL/MariaDB. Nonetheless future requirements that
originate from advanced search queries may demand a different database back-end.
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4.2 Further developments in terms of content

The most urgent point is the completion of all entries with audio files. Various TTS systems are
currently being tested to see which one best meets the requirements (cf. chapter 2.3).

Another idea is to group the vocabulary. So users could selectively display word from cer-
tain categories. Different classifications are conceivable. It would be possible to sort all words
of the basic vocabulary according to learning level corresponding to the Common European
Framework of Reference for Languages. Terms that are often used in certain situations could
also be grouped together (e. g. in restaurant, at the doctor’s, terms from the field of politics,
chemical elements, toponyms, athlete names etc.)

An important target is to add inflected form to the DAD. Especially for learners of German
as a foreign language not only the pronunciation of an infinitive is of interest, but also inflexion
forms. To give an example: German verb “sprechen” shows the following stem forms: “spricht”
- “sprach” - “hat gesprochen”. These inflexion forms go with a vowel change. This in turn is
associated with a change in the subsequent fricative, because in German standard pronunciation
<ch> is realized as [¢] only after front tongue vowels, while it is realized as [x] after central and
back vowels: [[pr e¢n] — [[prict] — [Jpra:x] — [hat gafpr oxn]. Of course, these extensions
should be supplemented by audio files, too.
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