CrossTowns: Automatically Generated Phonetic L exicons
of CrossLingual Pronunciation Variants of European City Names

Stefan Schaden

Ingtitut fur Kommunikationsakustik (IKA)
Ruhr-Universitét Bochum
D-44780Bochum, Germany
stefan.schaden@rub.de

Abstract

The CrossTowns lexicons are part of a study that focuses on the phoretic variants that occur when speaers of different native lan-
guages (L1) with varying degrees of target language (L2) proficiency pronource foreign city names. Based ona wlledion d speedh
data from this domain, it is one of the ams to identify the most common pronurciation errorsin a particular L1/L2 pair (language di-
redion) and to model them by phondogicd rewrite rules. Although drived from only a small corpus of names, the rule sets already
generate plausible variants when applied to urseen material. Yet there is a need for improvement. To demonstrate the airrent state of
affairs, sample lexicons of 1.000 pacenames for English, French, and German were cmmpiled and converted into various interlan-
guage pronurciation lexicons using the accet rule sets. In the paper, the procedures involved in the data wlledion, an ouline of the
rule-based accent generation technique, and a discusson d the problems involved in modelling nornative pronurciations on the lexi-

con level will be presented.

1. Introduction

The pronurciation o placenames by nornative spedkers
is a problematic issue in speet techndogy applicaions
such as travel information a car navigation systems. In
this application scenario, a broad spedrum of potential
mispronurciations and pronurtiation variants must be an-
ticipated, ranging from minor phoretic shifts to strongy
acceted forms that hardly resemble the canoricd forms
provided in ASR and TTS phoretic dictionaries. In ASR,
severe mismatches between expeded pronurtiation and
adua pronurciation may lead to a significant deaease in
recognition performance (cf. van Compernadle, 1999. In
current speed synthesis reseach, on the other hand, natu-
ralness accetability, and personalised voices are topicd
issues which might be aldressed e.g. by modelling ac-
cents that are similar to the user's own speed style (cf.
Dahlbéd et al., 2007).

The Crosslowns pronurciation lexicons are part of are-
seach projed that attempts not only to identify the most
common nonrnative pronurciation errors occurring in
various language diredions (i.e. L1/L2 pairs), but aso to
model these variants on the lexicon level by applying
phondogicd rule sets that systematicdly introduce se-
leded pronurciation errors into canoricd lexicons (cf.
Schaden, 2003. The language-spedfic rule sets are de-
signed to model varying degrees of partial L2 knowledge
that spedkers typicdly apply when pronourcing L2 mate-
rial. Rule sets of this type have been compil ed for various
language diredions and are mnstantly being ypdated and
improved.

The present contribution is a model application for this
rule-based approach applied to urseen vobabulary. The
rules used for the CrossTowns lexicons are based onnon
native speed data that was compiled for this gedfic pur-
pose (Schaden, 2002. This database includes placenames
from a number of European languages (English, German,
French, Italian, and Dutch) that were pronourced by
spedkers of different native languages, and thus represents
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patential pronurciation variants of numerous L1/L2 com-
binations.

It isthe am of this contribution nd only to demonstrate
the gproach pusued in this gudy byintrodwcing (fredy
downloadable) sample lexicons, but aso to stimulate
feedbadk — espedally by native spedkers of the languages
investigated — in arder to improve the underlying rule sets
aswell asthe overall approach where necessary.

The topic addressed in this qudy is not entirely new.
Similar reseach —though ona mnsiderably larger scde —
has been caried ou within the framework of the Euro-
pean Onomastica projed. In particular, the so-cdled
Onomastica Interlanguage Pronurtiation Lexicon (cf.
Onomastica Consortium, 1995 is comparable to the
Crosslowns projed in many respeds. However, the data
compiled within this framework has unfortunately never
been made avail able to the reseach community.

Despite these parallels, it shoud be stressed that it is not
the ultimate dm of this gudyto just list patential pronun-
ciation variants in a static lexicon. Rather, it is attempted
to describe the linguistic regularities involved in the most
common nonrnative pronunciation errors in such a way
that this knowledge can be used to systematicdly repro-
duce these mispronurciations for new vocabulary. This
study pursues the gproach that nonnative pronunciation
errors are motivated by lingusticdly tracedle principles,
and that these principles can be described on a generic
level to be employed in speed-based systems.

2. Languages and Base L exicons

2.1 LanguageDiredions

The languages included in this dudy so far are English
(ENG), German (GER), French (FRA), Itdian (ITA),
Dutch (DT), and Spanish (SPA) in various L1/L2 combi-
nations. Since language-spedfic influences of the speék-
ers L1s typicdly lead to dfferent types of phoretic e-
rors, ead language diredion is regarded as a separate unit



of analysis. Althoughin some caes gedkers transfer L 1-
spedfic fedures equally to several L2s, most errors are
spedfic of aparticular L1/L2 pair. Thereforeiit is required
to establish a separate CrossTowns lexicon for eah o
them. The arrent language diredions are (in the notation
L1 - L2):

CT 1: English — German
CT 3: French — German

CT 2: German - English
CT 3: German - French
CT 4: German - ltalian

Table 1: Existing CrossTowns lexicons (as of Apr 2004

Lexicons for further language diredions involving e.g.
Italian and Spanish as L1 are scheduled for the nea fu-
ture. However, the general design d all lexicons will fol-
low the exemplary design described in this paper.

22 Input Lexicons

2.2.1 Seledion of Names

For eadt target language, a sample lexicon d 1.000 en-
tries was compiled. The orthographic input lexicons are
randam seledions from the GEOnet place names data-
base. This data cmpilation, which is accessble on the
Web'", covers a huge number of placenames’ from more
than 50 courtries worldwide. Although the database
clealy refleds its primarily geographicd purposes, it can
also be viewed as a valuable linguistic corpus for studies
in the domain o geographica names.

At the present stage, the CrossTowns lexicons focus on
rather small and unkrown placenames (examples e Ta-
ble 2 below), whase pronurtiations by nonnatives is less
predictable than in the cae of well-known cities, where
spekers may apply various ources of previous know-
ledge aou their pronurciation. The GEOnet data sup-
ports this sledion criterion in that some of the untry
databases contain spedficiations of the size and geopditi-
cd importance of towns. This information can be used by
explicitly spedfying this feaurein the seledion.

English | Appleton, Banga, Bridgwater, Kennington,
Longbaough Maidstone, Warminster

German | Barsinghasen, Drakenburg, Eichstetten,
Rosenheim, Schwalmtal, Sigmaringen

French Abbevill e, Beaulray, Bésignan Cavaill on,
Longchamp, Prévenchéres, Rambouill et

Table 2: Examples of namesin the inpu lexicons

As a side-effed, a restriction to unkrown names will
also rule out cities for which there is an exonym in a par-
ticular L2 (eg. Londes for London Munich for
Minchen). In these particular cases — which mainly occur
for large or well-known cities —, it is reasonable to include
the L1-spedfic exonym in the list of potential pronurcia-
tion variants in addition to the automaticdly generated
variants.

1

http://www.nima.mil/ gnsg/html
Approx. 5.45 milli on as of Febr 2004
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2.2.2 Phonetic Transcriptions

Within the domain of placenames, devising a anonicd
phoretic transcriptionis not always a straightforward task.
Even if a large subset of a murnry’s topanyms rougHy
follows the regular pronurciation rules of the dominant
language, there ae dill numerous exceptions. Place
names may reflea older historica stages of the language
and therefore preserve achaic grapheme-to-phoreme rela-
tions; they may have distinct lingustic origins and exhibit
orthographic and phortic traces of their source language
(e.g. Welsh names in the UK), or their pronurciation may
vary even within the borders of one language aeg which
makes it hard to stipulate a‘canoricd pronurciation’ for
them at all. Thus a particular degree of idedisation seems
indispensable in a study d this type. Therefore, the stan-
dard transcriptions that were alopted in the Crosslowns
lexicons by and large foll ow the pronurtiation rules of the
relevant language, suppemented by some well-known
particularities of topanymic pronurciation.

For the referencetranscription d the lexicon entries, the
standard SAMPA inventory for the crrespondng lan-
guages is used (Wells, 2003 °. While the phoretic tran-
scriptions for German could be extraded from an existing
pronurtiation dctionary, the English and French pronun-
cdions had to be generated from scratch. To thisaim, ini-
tial transcriptions of the names were generated by English
and French GTP converters, followed by manua revision
and corredion by phomticdly trained transcribers. These
lexicons, containing an orthographicd and phortic tran-
scription, were used as the inpu for the accet rule sets.

In order to charaderise nonnative pronurciation vari-
ants with sufficient phoretic detail i n the word-level tran-
scriptions, standard SAMPA is insufficient. In a aoss
lingual situation as discussed here, spegkers will typicdly
produce amixture of native, foreign, and intermediate
speed soundk. It istherefore necessary to extend the basic
language-spedfic inventories and to interpret the symbadls
in terms of language-independent phoretic values insteal
of language-spedfic phoremic values. Although pinci-
paly designed as a language-independent phoretic dpha-
bet, SAMPA symbds are regularly interpreted in terms of
their language-spedfic phoremic values. For instance, the
symbd /r/ is used for the ‘r’ soundin bah English and
Italian, but phoreticdly represents an approximant [1] for
English and atrill [r] for Italian. Therefore the X-SAMPA
set proposed by Wells (2003 is applied where standard
SAMPA would cause anbiguities.

3. Generating Variants by Rules

3.1 Deriving Rulesfrom Speet Data

The majority of rules applied to generate the Crosslowns
lexiconsis derived from speed data that was compil ed for
this particular purpose. The data wlledion comprises at
least 20 retive spedkers of ENG, GER, FRA, ITA, SPA
with varying proficiency levels of the individual L2s. The
spedkers pronourced city names of five European coun-
tries in (i) a reading task and (ii) a perceptiorn/repetition
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In this paper, IPA transcriptions are used.



task (for detail s cf. Schaden, 2002. In these experiments,
45 rames from ead target language were used; the mate-
rial isthus not identicd to the lexicons presented here. Yet
arestriction to a relatively small set of names was neces-
sary to effedively condwct this dudy, as it includes a
manual phoretic transcription o the recorded speed ma-
terial.

Rather, this gudy is based on the centra asamption
that charaderistic pronurciation errors, even if derived
from only arestricted sample vocabulary, can be extrapo-
lated to urseen vocébulary, provided that they have oc-
curred with a relatively high inter-speger consistency.
Among dher things, it is this assumption that is to be
tested by the gplicaion d the rules to the unseen 1000
entries of the Crosslowns lexicons. Presently, the average
number of rules per language diredionis 80-100. The g-
plication d these rule sets to new vocabulary is likely to
provide valuable indicaion d required improvements, ad-
ditions, and modificaions of the individual rules.

3.2 Variation and Accent Gradation

Non-native accets are similar to locd or regional dialec-
tal pronurciation variants in that they represent a phoretic
deviation from the standad variety. Yet there is a qucid
difference While in daeda speed, deviations from the
standard variety are relatively consistent for large spedker
groups, foreign-acceited pronurciations will always vary
considerably acmrding to individual spesker charaderis-
tics such as L2 proficiency, age, education, and many
other patential influences. Non-native pronurciations are
to a much lesser extent shaped by a regular correspon-
dence to the standard variety. Yet looking closely at a
spedker group d the same L1 badkground ponourting
material of a particular L2, a number of inter-spesker
regularities can be identified, espedally for spekers at
comparable proficiency levels. This stuation can basicdly
be described as a graded continuum of potential mispro-
nurciations — in the sense of ‘interlanguages (Selinker,
1972 - ranging from dlightly accented forms with ony
minor all ophonc shiftsup to strongy accented pronurtia-
tions with extreme deviations from the L2 standard.
Therefore it is inadequate to model variants for a particu-
lar L1/L2 combination by adding just one single L1-
spedfic variant to eat L2 lexicon item. On the other
hand, though it is neither a pradicd aim to take all poten-
tial variants into acourt. In the present approad, it is
therefore suggested to bre&k up the continuum into ds-
crete cdegories by defining a number of prototypicd for-
eign-acceited pronunciations per word, where eab o
these prototypes represents a particular accent leve.

Acceant levels range from nea-native pronunciation to
gross mispronurciations. Currently, this accent gradation
model is based onfour levels 0 < N < 4, where 0 marks
the canoricd L2 pronurtiation and Hgher integers indi-
cde increasing ceviations from the canoricd form. The
topmost level 4 is a strondy acceted pronurciation that
follows almost completely the grapheme-phoreme rre-
spordences of the spesker's L1. Table 3 ill ustrates this
conception for the English town name Winchester and its
correspondng accent gradation for native speakers of Ger-
man;

1397

Item: Winchester

Level 0 (canonicd)

Accent gradation

wmtfista]

[
Level 1 [w’mt{este]
Level 2 [w’mfeste]
Level 3 [v’mnfeste]
Level 4 [v’Imgeste]

Table 3: Rule-generated accent gradation;
English Winchester for L1 German

Accordingly, the rule system is built up in such a way that
for ead input word, multi ple variants representing the ac-
cent level prototypes can be generated. The output is a
modified dctionary containing N pronunciation variants
per word, where N is the number of acceit levels as de-
fined above.

Based on this conception, multiple pronuricaions that
reflea varying L2 proficiency levels of L1 spekers are
derived for ead lexicon entry. In the present stage, four
prototypicd accent levels plus the canoricd form are dis-
tingushed; hence eah Crosslowns lexicon contains a to-
tal of 5.000 ponurciations.

3.3 RuleFormat and Generation of L exicons

The basic rule format as well as a number of typicad appli-
caions of the rulesis outlined in Schaden (2003 and can
only be rougHy sketched in the present context. Gener-
aly, al rules operate a phoretic substitution rules using
the notation adopted from generative phonology. Here, an
L2 soundX_,is substituted a soundY if the immediate |eft
andright contexts LC and RC are valid:

X, - Y [/ LC__RC
While this general rule format is well established and
widely used, there is one essntial fedure that distin-
guishes the rules applied in this gudy from traditional re-
write rules: Since many pronurciation errorsin nonrnative
speet are mediated or triggered by athogaphy rather
than being puely phoretic interference phenomena, the
rules include the graphemic representation o words and
make use of this information to model a number of errors.
This proved to be a ©nvenient technique to model e.g.
non-native mispronurciations caused by a transfer of L1
letter-to-soundrules onto the target language.

The inpu lexicons require only a minimum of linguistic
annaation. Plain pronurtiation dctionaries containing
only an athogaphic word and its canoricd transcription
(phoremic or as surface #ophores) suffice & inpu for
the rule system. By keeping the requirements for inpu
lexicons at this minimum level, the rule system can be -
plied to existing phoretic dictionaries withou the need for
introducing spedfic anndation schemes.

However, in order to take advantage of the éove men-
tioned graphemic information, an alignment of the graph-
eme and phoreme sequences in the inpu lexiconis a nec-
essry premndtion. This procedure maps ead phore in
the inpu string to the grapheme or grapheme sequence



that represents it, as illustrated in the following example
of the French name Questembert:

qgu e s t em b e r t

I
k € s t a b & B -

Fig. 1: GP aignment for the French name Questembert

The GP dignment must be gplied prior to the acent
rules, since it is required for the graphemicdly con-
strained rules to operate properly. The dignment modue
is based ona set of languege-spedfic rules containing all
potential graphemic representations of ead phoreme of
the language. The overal rule system is designed to oper-
ate postlexically. This means that virtually any existing
canoricd phoretic lexicon can be mnverted into an
adapted dictionary for spedfic nonnative spesker groups
withou interfering with the original inpu lexicon.

4. Preliminary Evaluation

In an evaluation d arule system that is designed to model
pronurtiation errors, it is not a straightfoward task to ds-
tingush ‘corred’ vs. ‘erroneous output of the system.
Whil e rules designed to generate canoricd transcriptions
can be dhedked against a mrredly transcribed reference
form in order to evaluate their performance, it is not par-
ticularly clea what the gpropriate target forms are in the
case of nonnative speed. In any case, the notion d a
‘corred’ transcription is probably nat adequate & a refer-
ence for the evaluation d the system. Yet the automati-
cdly generated variants can be assessd in terms of (@)
plausibility and (b) coverage when measured against the
acdual pronurciations of areference speker group.

In order to establish the basic rule sets that were used to
generate the CrossTowns lexicons, manual phoretic trans-
criptions (approx. 20.000 of nornative pronurciations
were aeaed. Althoughthis manually transcribed vocabu-
lary is not identicd to the entries of the CrossTowns lexi-
cons, it may well be used for an exemplary evaluation o
the overal approadh. Such an evaluation procedure is
presently being elaborated and hes arealy yielded some
encouraging preliminary results. It is the basic ideato
compare the aitomaticdly generated variants of a particu-
lar inpu lexicon to adual speder variants for the very
same vocabulary in order to determine the degree of pho-
netic approximation achieved by the rule-based variants.
This approximation, cdculated byaphoreticdly weighted
distance metric, shoud be &ove that of the caionicd
transcription o the lexicon item. In a first informal
evaluation for a limited vocabulary, at least one of the
automaticdly generated variants achieved a better ap-
proximation than the canonicd form in abou 50% of all
cases.

5. Conclusions
The gproach presented in this paper is a sample gplica
tion d a method d handing a particular type of pronun-

ciation variation. Although a high degree of variability
must be expeded in al nonnative pronurciations, it is
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hoped that a number of charaderistic erors can be redist-
cdly formulated by rule sets. Among others, hame pro-
nurciation is just one potential applicaion d the rules.
Future work will i nclude not only a cnstant upcete and
improvement of the underlying rules, but also an exten-
sion to new language diredions as well as an applicaion
of the rulesto standard vocabulary.

The CrossTowns sample lexicons are accesble online
for all i nterested parties. Any kind d feedbadk is welcome
as a valuable ocontribution to the improvement of the un-
derlying rule sets that generated the lexicons.

Note: Since the web interfaceof the CrossTowns lexicons
is not yet set up at the time of the paper submisson,
plesse ontad the author for detail s.
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