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ABSTRACT system. Section 3 describes the database. Section 4 will study

This paper studies the structure of foreign-accented read Ethe differences we find in foreign-accented speech and Section 5
glish speech. A system for accent identification is constructe@Pplies this knowledge in an accent classification system.
by combining linguistic theory with statistical analysis. Results
demonstrate that the linguistic theory is reflected in real speech
data and its application improves accent identification. The work 2. LINGUISTIC BACKGROUND
discusged he_re _combines and applie_s previous resgarch in Iinbhrase in any language consists of words which in turn are re-
guage identification based on phonemlc feature_s [1] with the an%ﬁzed by syllables. A syllable usually consists of an obligatory
ysIS (.)f the_ structure ".’md function of the Engl_lsh language [2 jowel with optional initial and final consonants. One familiar
Working with phonemically handlabelled data in three accente y of subdividing a syllable is int@nsetandRhymeas shown
speaker groups of Australian English (Viethamese, Lebanese, aj igure 1. HereP, C1, C2, F, andE denote allowed sets of
native speakers), we show that accents of foreign speakers C@&hsonantév deno’fes tk‘le sét o’f vowels in tRiyme
be predicted and manifest themselves differently as a function Al syllables in all languages consist @nsetand Rhyme
oLtheir polsitir?n witfhin the syllable. Wgen ?pplying this knov]\(/l- honetically, at least). However, these categories alone do not
edge, English vs. Vietnamese accent identification improves frof .. ! : X e
86% to 93% (English vs. Lebanese improves from 78% to 84% .dlcate where the syllable is placed within the word. In order to

. . . : . - ture foreign accent in English, we want to highlight those con-
TEe described algorithm is also applied to automatically aligne it%ents of tge syllable thatgare most likely to grovge difficult for
phonemes.

speakers of languages in which they are not contained. We define
the following three consituents as detailed in [2]:

1. INTRODUCTION

e Proclitic: Syllable component that only occurs morpheme
initially. /s/ (still) or /S/ (shrugged is Proclitic when the

The ability to approximate English phonology depends on native .
y P g b gy cep Onset has more than one consonant preceding the vowel.

language similarity ofarticulation (phone inventories, syllable
structure),intonation, andrhythm. In the past, research of dif- e Core: Syllable component common to all languages types.
ferent accent groups has focused on phone inventories and se- It contains the obligatory vowel.
guences, acoustic realizations, [4, 6] and intonation patterns [5,
3]. In this paper we describe how the study of the English syllable
structure allows us to extend the range of useful features. In order
to discriminate foreign-accented speech, we introduce a new fea-
ture dimension which includes the location of the phoneme within
a syllable and apply it to discriminate between native speakers of These three parts, thus defined, capture a certain syllable struc-
Australian English (EN) and Vietnamese (VI) or Lebanese (LE).ture. Within that structure, the peripheral elements can be said to
The English language employs a particular syllable structuréemarcate the boundary of grammatical units in the English lan-
to assist in demarcating grammatical units. Because not all laguage. As an example, the word “asked” (/a:/s/k/t/) can be broken
guages use segmental constituents for this function, some foreigown into the constituents @a/(Core)and/s/k/t/(Enclitic) The
speakers of English will have trouble pronouncing these demarcknclitic here not only demarcates the end of the word but also in-
tive syllable constituents. The goal of this study is to show that theludes the past-tense morpheme of the verb, realised by /t/, which
linguistically-based theory is reflected in actual speech data amldus carries grammatical meaning.
that this knowledge improves identification of accented speech. Only some languages ha®roclitics and Enclitics In con-
This paper is organized as follows: Section 2 outlines the lintrast to English, tone languages use tone for the same function.
guistic theory underlying the design of the accent identificatioiByllable structures in tone languages tend to be comparatively

imple in terms of phon men r mpli h
This work was supported in part by two consecutive post-doc p05|s— ple in terms of phone segments, but are complicated by the

tions at Sydney University and Prof. Furui's laboratory at Tokyo Institut(g)(ten_Slon of a tone for the_duratlon of a syllable or syllables e_x-
of Technology, and in part by the Department of the Air Force. OpinPressing a grammatical unit, usually the word. The tone thus in-
ions, interpretations, conclusions, and recommendations are those of figates the extent of the word. This difference in language ty-
authors and are not necessarily endorsed by the United States Air Forcpology has a strong effect on the ability to pronounce English in

e Enclitic: Syllable component that only occurs morpheme
finally. A Rhyme consonant is Enclitic unless it is either
/s, lll, or an assimilating nasal occurring immediately after
a short vowel.




Syllable Category Pis. Category Pis.
/ \ VOWELS 1 SHORT 1.5
LONG 1.5 BACK SHORT 2
Onset Rhyme CENTRAL SHORT 2 FRONT SHORT 2
/ / \ / \ BACKISH LONG 2 CENTRAL LONG 2
FRONT LONG 2 HIGH SHORT 1
P Cl c2 V F E LOW SHORT 1.5 MID SHORT 1
\_//—Y\/ HIGH LONG 1 LOW LONG 1.5
MID LONG 1 DIPHTHONGS 1.5
Core RISING DIPH 3 FRONTING DIPH 0
CLOSING DIPH 3 CENTERING DIPH | 2.5
Figure 1: Constituents of a syllable as defined in this paper. P|=  INIT ROUNDING 1.5 | FINAL ROUNDING | 2
Proclitic. E = Enclitic CONSONANTS 1 VOICELESS 1.5
' VOICED 1.5 NASAL 4
LIQUID 4 APPROXIMANT 4
parts of the syllable that demarcate grammatical units. In order GLIDE 4 SONORANT 3
to study the structure of this type of foreign accent in English, STOP 2.5 CONTINUANT 15
we chose Vietnamese speech data. In contrast, Lebanese Arabic ';?gﬂ:'gfc g ggg?;{%gﬁT i'5
syllable structure has much more in common with English. We LABIAL 5 LABIO DENTAL 2
hypothesize that the pronunciation of English by Lebanese far- | aMiNO DENTAL 4 APICO ALVEOLAR | 2
eign speakers will be much closer to that of native speakers, ahd AMINO POSTALVEOLAR | 3 DORSO VELAR | 4
the variability less than that of a Viethamese speaker. Identifying DISTAL VOICELESS 2.5 DISTALVOICED | 25
Lebanese accents may therefore be harder at this level of analysis.

Table 1: Linguistic Categories with corresponding points directly
3. DATABASE proportional to acoutic closeness (proportionate to number of
common linguistic features).

The data used in this study come from the The Australian Na-

tional Database of Spoken Language (ANDOSL) [7]. The speech 4. FEATURE ANALYSIS
for this database was recorded in an Anechoic chamber at the Na-
tional Acoustics Laboratories of Sydney, Australia. We compargefore building a system for accent classification, we want to
native Australian English to Viethamese- and Lebanese-accentggidy the structure of manifested accent. To do this, we match
Australian English. The training set and test set for Australiag target pronunciation as given by the dictionary to the achieved
English consist of one male speaker each. Each speaker read 2@6hg of phonemes for each utterance. Normally, a confusion
phonetically-rich and balanced sentences containing all the p&fratrix obtained from training a phoneme recognizer is used for
missible phoneme combinations of Australian EnglISh pronunch‘lis purpose. Since no recognizer was trained' we use |inguis_
ation. Because the 200 sentences demanded a high degree of lifgr«nowledge to obtain a matching score, which is maximized
acy from speakers for whom English was a non-native languagguring the dynamic time warping algorithm. A matching score
50 sentences were chosen from the 200 and adjusted to have @p&yveen achieved and target phoneme is calculated by summing
member of every phoneme class in every permissible positioyp points as given in Table 1 over all shared categories. Matching
These were then read by the Viethamese- and Lebanese-accentg(loath) to target /T/ bath) results in a score: 1 (consonants)
speakers. For Viethamese, the training set and test set consist.of ( fricatives ) + 4 (laminodentals) + 1.5 (continuants) = 8.5. A
six and three speakers respectively; the Lebanese training and {gsffect match to /T/ would have included 1.5 (voiceless). Match-
set consist of three speakers each. The speech was labelledifyt/ to /T/, the score would result in 1 (consonants) + 2.5 (distal
linguists at the phoneme and word levels voiceless) + 1.5 (voicless) = 5, which is smaller than 8.5; a less
In addition, HTK was used to train a 40-phoneme recognizeyaluable match.
on 200 utterances from each of twenty-four Australian English  Such a dynamic time warp returns two phoneme strings of the
speakers. The accuracy of our phoneme recognizer is 41%, 43%ame lengthV, with each position, either matching a phoneme,
and 35% when evaluated on the Australian English training angarking an insertion or a deletion. We thus have a means of look-
test set (200 utterances from five speakers each) and the Vigig at the confusions between target and achieved phonemes as
namese test set (total of 600 utterances from nine speakers) gefunction of the syllable position (Proclitic, Core, or Enclitic),
spectively. This recognizer was then used to automatically aligflictated by the target, and the language. Looking only at conso-
anindependent training and test set for Australian and Vietnameggnts, we note the following trends (Figure 2 shows some typical
accented English. Because we are now using automatically gegkamples.
erated phoneme strings, the Australian English training and test
sets are much larger than for the handlabeled utterances. The Aus-1-
tralian English training and test set include five and six speakers 2. Confusions differ substantially f@&nclitic andCore.
respectively, with 200 utterances each. The Vietnamese training 3
and test set are the same as for the experiment using aligned and
handlabeled data.

Confusions are substantially different across accent groups.

Lebanese speakers are much more consistent in their sub-
stitutions than Vietnamese speakers.

4. Vietnamese accented speakers have a much stronger accent
IMore information on this database can be obtained at than Lebanese accented speakers in terms of changes in
http://andosl.anu.edu.au:80/andosl/ voicing, manner, place and class.
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Figure 2: Comparison of language- and position-dependent sub- _rl p(t|a, pos, accent)

stitutions for phonemes of /dZ/. Subistitutions are differnent for

Lebanese and Viethamese and Core and Enclitic. Lebanese has

less variability than Vietnamese.

5.

Figure 3: Block diagram of accent identification system.

The variablity of the confusions is generally higher in the ~ In order to improve the accent identification system, we now
Enclitic than in theCore part of the syllable for both Viet- incorporate the insight gained from the linguistic knowledge and

namese and Lebanese for Ms{(ghing and voiced frica- 0observation of the data. Confusion matrigés are calculated for
tives. - each language, differing from, in that they are calculated sep-

arately for each positiog:e (Proclitic, Core, Enclitic) of target

. The variablity of the confusions in thenclitic is generally phonemet. The accent is now classified as given by Equation 2.

higher in Vietnamese than in Lebanese for stops, unvoiced

fricatives, /T/, and /D/. N
. or;
7. phonemes /T/, ID/, IS/ and /z) are difficult for Viet- & = argmax H Yo (Ti|As) 2
namese regardless of position. i=0
8. \oiced affricates are difficult for both accent groups. Figure 4 plots the comparative results for the test sets of Viet-

namese and Lebanese vs. native speakers as a function of the

9. These trends are upheld across all speakers, however ligmper of phonemes proceséedccent classification based on

confusion probabilities vary. various levels of position information (Core/Proclitic and Enclitic/
Proclitic, Core and Enclitic/none) are compared. Table 2 com-
pares results using Eq. 1 and Eq. 2 fer = 40. Using posi-

5. ACCENT IDENTIFICATION SYSTEM tion dependent information (Eg. 2), consistently improves perfor-

mance: English vs. Viethamese improves from an overall 86% to

We now build a simple accent-identification baseline system &3% correct classification. English vs. Lebanese improves from
shown in the block diagram of Figure 3. For each accent (nativé8% to 84% correct classification The plot shows that while
Vietnamese, and Lebanese) denotedrby confusion matrix?, ~ both Core and Periphery information are important in acoustic
is computed relating the probability of a target phoneme givematching of the achieved phoneme string to the target, most of
an achieved phoneme. A given achieved phoneme sequeisce the speaker independent information seems to be contained in the
classified by calculating the probability of a match with the targeEore. As predicted, Lebanese accent identification is more diffi-
sequencd’ as given by Equation 1, whef¥ corresponds to the cult with this method than Vietnamese identification.

length of the match. The classified accéntorresponds to the In order to study how well our theory might generalize from
accent of the confusion matrix which yields the highest score. handlabeled to automatically aligned phonemes, we align a train-

ing and test set for Australian and Vietnamese accented English as

N
& = argmax H P, (T;|Ay) @ 2Three way accent identification improves from 69% in the test set to
[e3

=0 77% when using Eq. 2 instead of Eq. 1



defined in Section 3. Each of the automatically aligned phoneme

strings was then analyzed in the same manner as the handlabeled Correct Classificiation English vs. Vietnamese (tesf)

strings, using knowledge of the target non-time aligned word tran- ‘ ‘ ‘ ‘ ‘
scriptions. Even though there are obviously some improvements 1 |
to be made to the recognizer, Table 2 indicates that foreign acceng e
identification for Vietnamese vs. Australian English can be im- § \"’X\x/x‘x—x‘f ]
proved by using position information. Results are evaluated afterg 0.9 o i
processing 40 phonemes in each of the strings. When using posE Po M pee]
tion information performance improves from 84% to 88% for the ‘} 0.8 e |
training set and from 84% to 89% on the test set. Table 2 givesg oo
detailed results for both accent groups. £ 0.7 % utterances 1
8 no position -
oo C e
Handlabeled S 06 | PE - |
P,C,E -x--
Eq.2 (Eq.1) Training Set Test Set 05 ‘ ‘ ‘ ‘ ‘
i 20 25 30 35 40 45 50
input-output | EN VI EN Vi Correct Classificiation English vs. Lebanese (test)
EN 100 (100) | 0 (0) 98(96) | 2 (4) 11 ‘ ‘ ‘ ‘ ‘
VI 3(12) 97 (88) || 13 (25) | 87 (75) % utterances
— " 1 no position -+
Eq.2 (Eq.1) Training Set Test Set Q PE -
c s &
- o . P.CE -x-- 1
input-output | EN LE EN LE 2 0-9 I
EN 100 (99) | 0 (1) 90 (88) | 10 (12) 3 08 | Tl
LE 10 (13) 90 (87) || 20 (28) | 80(72) ! R e e e /
S o7l ]
Automatically Aligned 8 Bq
S o6 ]
Eq.2 (Eq.1) Training Set Test Set e
0.5 : : :
input-output | EN VI EN VI 20 25 30 35 40 45 50
EN 99 (97) 31 (39) || 98 (97) | 40 (55) Utterance duration (phonemes)
\ 1(3) 69 (61) || 2(3) 60 (45)

Figure 4: (a) Handlabeled, English vs. Viethamese (b) Handla-
Table 2: % correct accent identification after processiig= ~ Peled, English vs. Lebanese. % correct classification using differ-

40 phonemes. Results using Eq. 2, are compared to the baself{é combinations of information of C (Core), P (Proclitic), and E
system (in parenthesis), using Eq. 1. (Enclitic) or disregarding it. Also indicated is the % of test utter-

ances of lengthiv.
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