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Within the somewhat related field of second language

ABSTRACT acquisition, SLA, a central problem is how speakers of a native
This paper discusses the problem of handling “foreign” speech language (L1) approach a foreign, target language or second
sounds in Swedish speech technology systems, in particuldfguage (L2). It is argued that when a language learner
speech synthesis. A production study is made, where it is sho%rci'ves a sofundhln L2 as sufﬂ((:jlently(/j close to ]‘:"f sound in thhe
that Swedish speakers add foreign speech sounds, here terfig!leY Pass for the same sound, and are, in effect, put in the
. , : ; ; .sgme ‘equivalence class’. The effect of this equivalence
xenophones’, to their phone repertoire when reading Swed|§

. . ssification has been shown by e.g. Flege [4]. Hammarberg
sentences with embedded English names and words. As a reﬁﬂ’t points out that whether or not an L2-sound is perceived to

of the observations, the phone set of a Swedish concatenathy@identical or similar to an L1-sound is not a yes/no-decision,
synthesizer is extended, and it is shown (by example) that tifigt is a gradual phenomenon that depends on several factors,

produces more natural-sounding synthetic speech. such as the naturalness of the L1 sounds per se (in markedness
terms), and/or the learner’s current level of competence in L2. A
1. INTRODUCTION consequence of this equivalence classification is that L2 sounds

In recent years, both automatic speech recognition (ASR) ahpt lack similar items in L1 will be learned faster, since they are
text-to-speech conversion (TTS) systems have attained qualfiPre easily perceived as different. Although similar in some
levels that allow inclusion in every-day applications. This doe&*SPects, SLA research does not deal with exactly the same
not mean, however, that all problems with regard to ASR/TTRroblem we are discussing here. The focus of SLA research is to
are solved. The particular problem addressed in this paper is fi#dy how speakers of a language approach an L2 with the
fact that in a language such as Swedish, what is normalfjténtion to master a substantial part of it, sometimes while also
regarded as the Swedish phone inventory is quite often expand¥ig in an L2 community. In the case discussed in this paper,
with phones from other languages, notably English. As ng[cal items from e_moth_er language appear in utterances in the
consequence, in order to create high-quality ASR and TTR@tive language, in this case Swedish, and what we are
systems for Swedish, these “foreign” phones need to be includéerested in is to see what type and degree of adjustment to the
in the underlying language description. However, although thi@tive language is normally applied.

problem per se is uncontroversial in that several research&gunds that are foreign to the phone inventory of a language
acknowledge the _existence of “non-Swedish” sounds in everfaye a special status in the phonological system of that
day spoken Swedish, to the best of our knowledge, there ha¥figuage. On the one hand, one cannot claim that they be a part
been no formal stL_Jdles to e_stabllsh exactly_wh_at this extendgpoper of that system, but on the other hand, they might have
phone set looks like. In this paper, we will first attempt tGych a status that most people would expect them to be used in
determine the nature, including phone frequencies, of thigrtain linguistic contexts. Maddieson [6] calls these sounds
extended phone set when dealing with words and names ‘ghomalous’. Another term encountered for these sounds is ‘loan
English origin, and then show how this can be directly applied {honemes’. Since the former term is not very clear with regard
enhance the quality of our Swedish TTS system, by extendifig meaning, and the latter is somewhat dubious since it is far
its phone set. from clear that we are dealing with phonemes proper, we will in

1.1. The ‘Xenophone’ Problem the following use the term ‘xenophones’ (meaning ‘foreign

sounds’) to denote such sounds.
A word or name of foreign origin can be pronounced with .
varying degrees of adjustment to the Swedish phonological  1.2. Previous Work
system. This variation spans the whole range from virtually no

adjustment (i.e. the pronunciation is close to that of the source The problem of accommodating foreign words or names in

general is far from new, and several Swedish and German

gﬁ;ﬁgt V(I%r S?rr:]s?an?:zgrg?thg r;epll:%r;inatlozstgg?é dto ‘rt]gt]?l/e, references on the subject date back to the 16th century. In more
) grap y y ' _recent literature, Abelin [1] discusses how to represent

pronunciation). As discussed in Eklund & Lindstrom [3], a onunciation of foreign (mainly English) words @vensk

number of underlying factors can be assumed to be involved . .
: : . : - Qrdbok. She concludes that the English diphthorgsdnd pi]
governing the degree of adjustment, including (but not limite n be approximated with the Swedish sequersiésiid fojl,

to) the speaker’'s competence and performance capabilities w

respect to the source language, the speaker’s expectations ofrﬁ?%;?t;\éegécgﬁézagattze Eﬁglgs ﬂ;phhthﬁg?gé[%‘gr[eag]r ?erses
listener's competence, the relative social status of speaker : 9 P

listener, the socio-cultural distance to the country of origi glways pronounced as [s] in Swedish, and the English alveolars

recency and frequency of the lexical item in question, aga’ b _d’ n] are normally Teallzed as dentals in Swe.dlsh.
similarities/dissimilarities between the two phonologicalMtbius et al. [7] mention that the German version of the Bell

systems in question. It should be noted that since the dialectslabs multilingual TTS system has been augmented with
a language differ in terms of phonology, it would not bghonetic units outside the German phone inventory in order to
surprising to find dialect-specific variation in the treatment otover English and French speech sounds.

foreign items, because of this last factor.



In 1996, in an earlier attempt to address the problem discussed  The twelve sentences included names and words of English
in this paper, Eklund & Lindstrém [3] investigated what English origin that were deemed to be commonly known, embedded in a
phones Swedes actually use in their speech. It was shown th&weedish sentence in a natural way. An example is shown below:
large proportion of the speakers included “non-Swedish” soungs, -
in their production system, and used them when pronounci anga har Roger Moore So,m _favont : ro_IIen som James B(?,nd.
English words and names. As a consequence of the 1996 stug/any prefer Roger Moore's interpretation of James Bond")

a set of polyphones, modified to encompass some of the . .

xenophones studied, was recorded later that year for inclusionZn2. Data Collection and Evaluation

a concatenative synthesizer. A large pronunciation dictiona . . .
including proper names of foreign origin was also produced. T[}(he sentences were included in a much larger session of

e =~ - . . : .
resulting speech synthesis, however, was not evaluated in ?H?egu'St.'c material .recorded to train the Telia/SRI Swedish
rlglo(ﬁognlzer [2], which was also the main purpose of the data

paper. Moreover, the 1996 study was based on 70 speakers g ection. The sentences were presented under the headin
(35 from Stockholm and 35 from Scania). In order to eliminatg, .~~~ " e p ading
andisar’ (Celebrities). Thus, it can be assumed that subjects

the risk of regional bias in the material it was decided to stud re unaware of the purpose of the recordinas. i.e. thev did not
the phenomenon in most major Swedish dialects. This could al § . purpos 19S, 1.€. they
ow that their pronunciation was the object of study. The

lay the foundation for future studies of the differences betwe biects were all Telia emplovees or relatives of Telia
dialects with regard to their underlying phonological structure. ) ploy
employees. The age span was 15 to 75. The sentences were

recorded by more than 460 subjects in 40 different locations
2.METHOD covering the whole of Sweden. Thus, all major dialects were

This study is a continuation of the 1996 study previousl§°vered' In this way a total of 13,343 tokens were collected.

mentioned. By looking at production data, insight may be gainethree phonetically trained native speakers of Swedish, with an
in several dimensions: Which English phones have an effect ghove-average knowledge of English, transcribed the target
the Swedish subjects’ productions? What is the nature of thigones, using a fairly narrow allophonic transcription scheme. It
effect—is the phone repertoire extended or does some kind whs a deliberate decision not to use native speakers of any
mapping take place? Even if a speaker does not produce Erglish variety as transcribers, since we were not so much
English name or word in an accent-free manner, he or she migfiterested in which productions sound English to an Englishman,
still do something that clearly lies outside the Swedish phong in what sounds non-Swedish, or too Swedish, to Swedish
inventory. By producing something that is neither Swedish n@reople. The transcribers also made note of sentences where the
English, as it were, the speaker is indicating an awareness of Hubjects applied total adjustment, using exclusively Swedish
difference between the English pronunciation and a fullgllophones in their pronunciation of the foreign items.
rephonematized Swedish pronunciation. This provides important
information in the “attitude dimension”, insofar as it shows that 3. RESULTS
even speakers who do not fully master the production of English
sounds might expect these sounds to occur in particular wordsPreliminary results, drawn from the production study, show that
very few of the subjects (less than a dozen) resorted to total re-
2.1. The Linguistic Material phonematization. Instead, the majority of the subjects expanded
their allophonic repertoire considerably, despite the fact that the
A set of twelve sentences was constructed containing the fidreign items were embedded in a Swedish context in a fully
English speech soundi,d3, {,3,0,0,z,o+,1, w,a, e1,0u,ju;, 2],  plausible way. The results are shown in Table 1a (vowels) and
which were chosen because they were judged to be possifpigble 1b (consonants).

candidates for the processes described in the previous sectign. .
né" the target vowels (excepte] in the nameJackson) and
i

The ch iff h ically fi ish
e chosen sounds differ phonetically from Swedish spee phthongs are very well approximated in 90 % of the cases or

sounds to varying degrees. The Swedish phonological syste X - C
normally not described to include any of the above sounds, HIPre: remarkably enough also for the diphthéad, which is

the following remarks could be made: The Swedish retrofipx [ dUite dissimilar from any ‘normal’ Swedish vowel. The results
(which is lacking in Southern varieties of Swedish) igor the consonants indicate that the subjects almost without

phonetically quite close to an Englisfi,[but there is no voiced €XCeption produced the voiceless affricafg, while the figures

postalveolar or alveolar fricative in Swedish, and neither f(}h‘? voiced counterpaftl3] ranged from 21 % idames to
voiced nor an unvoiced dental fricative. There is a voiced® % inJackson, which is also quite remarkable, since there is

ot ; R lly no such thing as a voiced affricate in the Swedish
retroflex fricative in Swedish[£]), which is an allophone of /r/. NOrmaily C
The voiceless affricate coufltd possibly be approximated onological system. The retroflex fricatijsg that 60 % of the

Swedish [t] + the alveolo-palatal fricative]] pronounced in >uPjects produced iharon could be regarded as a sufficient
sequence, but there is no voiced counterpart. Swedish /I §8Proximation of the postalveolaf][ as could perhaps also the
normally a lateral approximant, but in Northern varieties o veolo-pa!atal frlcatlye{c], produced by 32 %.Of the §ubjects.
Swedish, often velarized. The approximant [w] lacks/iore detailed analysis show that of the Scanian subjects, 90 %
correspondence in Swedish, although a similar sound m roduced the aIveoIo_—paIataI fricative, which is not surprising,
appear as a final element in diphthongized rounded vowels. &€ Southern Swedish lacks the retroflex. Both the voided [
the vowels and diphthongs chosen, E ju:] could quite easily 2nd the unvoiced 0] dental fricative was produced to an
be approximated, using Swedish [j] combined with [a,:g,as amazingly high degree, considering the lack of similar speech

Abelin " Her ion neerni W sounds in Swedish, while virtually no subjects succeeded in
be suggested er suggestion - concernipgs] was aoducing the voiced alveolar [z] and postalveoirfiicative.

disregarded, since that diphthong must be considerg . | h for al full adi ish
internalized in Swedish in words such @sda and the prefix >UPjects also chose to opt for almost full adjustment to Swedis
n the case ofl], and to some extent also in the caspdf

auto-. Finally, [e] appears as an allophone in SwedisH
preceding /r/ and retroflex consonants.



Another observation that was made was that subjects were not at
all consistent across lexemes. In pronouncing “Roger Moore”

Table 1b: Consonants. (See Table 1a for an explanation.)

and “James Bond”, the same subject would produce an affricate Category 1 | 2 3
on the first target phone, but not on the second, or vice versa. Awareness high low
This might make it difficult to create a hierarchy of sound Fidlity high low
accommodation. Target |No.of |Occurringin
Table la: For each target English speech sound and edch tokens | the word
occurrence in the read sentences, the resulting distribution of |tfie 463 |Thatcher 992 t¢ | 04i s
Swedish subjects’ productions, as obtained by manual phongtic 02i ¢
transcription, is shown as a percentage. Based on the similarity 02 *
between the produced sound and the target phone, the different -
productions are assigned to one of three categories along hEs 465 | Roger 325:d3 | 02 gé 67.3; 9
dimensions, the “awareness” dimension (to what extent people 456 | Jackson 478: d3 | 04:di | 51.2: ]
are aware of the difference between Swedish and English 02 ¢
pronunciation), and the “fidelity” dimension (how well they 04 *
succeed in the production c_Jf the foreign sounds). The fifst 263 | 30hn 289} ds 711 ]
category corresponds to a high awareness among the subjects - 3 — -
coupled with a high capability in rendering a sound close to the 463 |Major 316: d5 | 04 680: J
one in the source language. The second category corresponds to 465 | James 21.7: d3 783; ]
the case where the subjects were apparently aware {hat 460 |Sharon 60.1: s 04 § 0.9: s
something “non-Swedish” would be appropriate, but failed to 315 ¢ 04 te
produce a good approximation. Finally, the third correspondsito 63 02
full adjustment to Swedish. Cases where the transcribers were i) <: 8¢
unable to hear what was produced are marked by an asterisk 02; *
3 452 |Television 17: 3 | 946! s
Category 1 | 2 3
- 33§
Awareness high low
— - 02 ¢
Fidelity high low 02
Target [No. of |Occurringin : 2! 86
tokens |theword 0 456 | Thriller 49.6: 0 02i ¢ 48.0: t
ar 456 |Michael 958! aj | 04icj| 31l R 0 52'(2) :
(Jackson) 07: 1 atcher : -5 16 :
460 |Michael 946! 2 30! i 0.2: s
*
(Douglas) 24 1 02
o 265 |ames 972 i | 24 ¢ | oaia] |0 462 |the World 385 & | 575! d | 13} t
463 |Major 920i ¢ | 09i ¢ | 69 a 11 ¢
- 04 h
0.2i g 0
460 |Basic 907i ¢j | 35 ¢ | 39ia 0"2" :
. € . a: -
82 ] 0.9 02 0
i oH
. 04: *
0.2¢ ° z 465 | James 04 7 96 s
ey 460 |Stone 89.2: au 0.4: ow 5.0 452 |Music 100.0F s
02 ou:| 44 > 460 |Sharon 620; 7 | 04 r | 322} r
02 ue 02 9 44 > 02 d
02; uo 0.2i n
02 * 02i t
jus 452 |Music 96.0; jur | 0.2i jwi| 36i @ 04: *
0.2 joj t 456 |Michael (J) 20i t 98.0i 1
® 456 |Jackson 75.7) & 11: ¢ 23.0: a 460 |Michael (D) 7.4 1 926 1
0.2 * 460 |Douglas 48 1t 02i 0 | 95.0i 1
463 |Maggie 02: ® | 06: ¢ | 712 | |y 462 |We 130 w | 02i m | 868 v
15 * | 06; & 462 |World 09i w| 02{ b | 989! v
463 |Thatcher 955 @ | 17ii()| 22i a Total | 8745
0.2i e€j
02 €
02 *
Total 4598




There may well aso be graphemic influence on the data. The
affricate [d3], when spelled with a <g> might behave quite
differently from [d3], spelled with a <j>, but our limited
material does not allow usto draw any further conclusions.

A finad observation is that a few speakers quite obviously

changed ‘mode of speaking’, that is to say, they could start o
with a Swedish pronunciation of “Roger”, but realizing whe
arriving at “Moore” that it was not the Swedish name, in whic
case they backed to restart with a more English pronunciation.

4. TTSIMPLEMENTATION

if they were told to evaluate the quality of different versions of
synthesized speech. The method applied in this paper provides
information in at least two dimensions: the “awareness
dimension” (to what extent people are aware of the difference
between Swedish and English pronunciation), and the “fidelity
r?j{nension” (how well they succeed in the production of the
oreign sounds). In this way, we have managed to get an
Hmpression of both to what degree Swedish listeners expect
these items to be given non-Swedish realizations, as well as
some hints with regard to how well Swedish listeners want the
said items to be pronounced. It must be mentioned, however,
that one problem associated with this method is that we cannot

As was mentioned previously, a set of xenophone polyphonksow whether we are testing language, word or world

was recorded in 1996 based on the aforementioned study. Twledge.

recorded items have now been tested in synthesized speech. T
synthesizer in question is a concatenative synthesizer, using}’sv
female voice, developed at Telia Research AB, in the Spok
Language Processing laboratory. The basic unit is the derE%
syllable, with the addition of some other items, such a

derivational endings (not already covered), closed word class¥v
nasal triphones and some other items. The current set of su
polyphones counts around 15,000 units, including the pol)é-tu
phones containing xenophones.

When encountering an English word or name, a Swedish TTS
system is facing the options of either trying to do the best it can
with a purely Swedish set of polyphones, or make use of t
added xenophone polyphones. From our study, it can
concluded that most Swedish speakers do seem to exp
something outside a Swedish rendering of such lexical items.

illustrate this, a set of sentences (the same set as was used in the

data collection) was synthesized in two ways: First using

"Fat is not studied at all, or only to a very limited degree so far,

what réle social background, age, gender and regional
ckground might play here. Whereas social background lies
yond what can be deduced from the material, a closer study
ould show what differences there are concerning the other
tors mentioned above. It would also be interesting to include
word prosody in the production study. Another object of further
dy is to what degree the same assumptions are valid for
borrowed items from other languages.
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