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Abstract 

Asia has the largest English speaking population, so it is important to understand the 

characteristics of Asian English for speech technology research and for effective EFL 

teaching. In this paper we will explain the construction of the Asian English Speech 

cOrpus Project (AESOP), and discuss reBUlts from 0Ul' analysis of consonantal variation 

in 94 Japanese speakers' read English speech of "the North Wmd and the Sun". 

Many segments (6,620) deviated from the model pronunciation CAmerican English). 

Analyzing consonant variations confirmed the Japanese speakers' phonemic 

interpretation of English consonants; i.e. they produced more variants for consonants 

which are not phonemes in Japanese. For example, they substituted Ir/-type consonants 

for 111 more than Il/-type consonants for Ir/, and also commonly substituted [1,] for lvI, but 

did not substitute [v] for 1bI. Therefore, these results confirm that Japanese speakers 

use Japaneee phonemes to interpret English sounds. 
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I Introduction 

English has the largest speaking population in the world. It is used as a lingua 

franca and there are more non-native (1..2) speakers of English than first language (L1) 

speakers. McArthur (2()()1) reported that there were 375 million English speakers in 

traditional English speaking countries (the Inner Circle countries), another 375 

million English speakers in countries where English is used as a second language (the 
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Outer Circle countries), and a further 750-1,000 million English speakers in countries 

where English is a foreign language and the majority of the population are not native 

English speakers (the Expanding Circle countries) (Karchu 1985). However, Bolton 

(2004) has estimated much higher numbers of Outer Circle and Expanding Circle 

country speakers. He estimates that inAsia alone, there are over 600 million speakers, 

including over 300 million in India and over 200 million in China. These figures 

indicate that Asia has the largest English speaking population, many of whom are L2 

English speakers, more than the Inner Circle countries (Crystal 2003). The number is 

increasing because many Expanding Circle countries, in Asia and other regions, have 

been adopting English as a business-language or a language of higher education. 

Therefore, the majority of English speakers are non-native speakers who do not speak 

like English speakers in the Inner Circle, and so there are more opportunities to speak 

to non-native English speakers and listen to their non-native English. Therefore, it is 

important to study characteristics of non-native English to enhance communication. 

The large number of English language learners in Asia and Asian countries are 

important markets for English teaching and learning, and their materials. These 

non-native English speakers use speech technology such as telephone booking systems 

and are more likely to be users of automatic translators, English learning software and 

CALL systems than L1 English speakers. Therefore, it is essential to understand 

Asian language speakers' English, such as their sound systems, phoneme inventories, 

and phonetic and phonological features, not only for linguistic studies but also for the 

practical need. of developing technology. 

In order to understand important linguistic features of Asian language speakers' 

English, a project called Asian English Speech cOrpus Project (AESOP) was launched 

in 2008. The main objective of the AESOP project is to build an L2 English language 

speech corpus of Asian language speakers to advance research to improve 

understanding of Asian accented English. Such a corpus will help research in 

phonetics and phonology, speech science and technology, second language teaching and 

learning, and other linguistic research areas. Despite the big diversity of English 

spoken in the world, Asian Englishes have not been considered as varieties of English. 

They are considered as foreign accents and have been treated as mistakes or wrong 

pronunciations, and so have not received much focus of attention as pronunciation 

variants. 

By understanding their systems and acquisition processes, we can apply this 

knowledge to develop appropriate English teaching materials, CALL systems and 

speech technology. Another objective of the project is to study the linguistic and 

socia-cultural diversity of Asian Englishes to help establish a standard to correctly 

assess English language levels of Asian English speakers. 

The AESOP corpus consists of core English speech data collected using the same 

tasks at institutions in Japan, Taiwan, Hong Kong, China, India, Indonesia, Myanmar, 
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Mongolia, Nepal, Thailand, and Vretnam.. In addition to the core data, all the 

institutions can add their own further data. Anyone can access data collected by any of 

the institutions once they have collected and provided speech data of a minimum 20 

speakers. 

The following sections describe the design of the data collection tasks and automatic 

data annotation method, and present some results on segmental analysis of Japanese 

speakers' AESOP data. 

II Design of the AESOP Corpus 

A common recording platform was created and data collection procedures were 

developed to highlight phonetic and phonological characteristics of the languages 

spoken in the participating countries_ Linguistic features are a typological issue rather 

than a geographical issue, and so a geographical region such as "Asia" is not 

necessarily important. However, there are many phonological characteristics of L2 

English which are shared by speakers of different Asian languages. So common key 

phonological parameters were selected and featured in the eight tasks to collect 

reading <Tasks 1-6 and 7) and semi-spontaneous (Task 8) speeches. 

Second language difficulty occurs at both the segmental and suprasegmentallevels. 

Studies have shown that segmental accuracy is important for correct word recognition, 

but they have also shown that suprasegmental features are more important for the 

intelligibility of speech and that native speakers are more sensitive to suprasegmental 

accuracy than segmental accuracy in terms of speaking proficiency (Anderson-Hsieh et 

al. 1992, Gut 2003). Suprasegmental features are also important because they convey 

crucial linguistic information for communication. For example, suprasegmental 

features carry (j) syntactic information such as structural ambiguity, grammatical 

emphasis on words, phrase boundaries, and old-new information, (ii) semantic 

information such as lexical meaning, lexical ambiguity, and pragmatic information, 

and (ill) paralinguistic information such as feeling and emotion; all of these are very 

important in communication. However, suprasegmental features in L2 speech have not 

been studied as much as segmental features (Jilka, 2007). Therefore, the AESOP 

corpus is intended to study suprasegmental features as well as segmental features. 

The test words were selected from the eMU dictionary database ("eMU Dictionary 

Database", 2011.) by taking into consideration segmental and prosodic aspects as well 

as word. familiarity, and the test words are used repeatedly in different tasks. 

The tasks have been designed to highlight phonological features of English which 

can be commonly found in Asian language speakers. 

Task 1 features target words, chosen from the eMU dictionary database, in carrier 

sentences. The test words were chosen based on (j) the number of syllables: from 2 to 4 

syllables, (ii) stress position and patterns, (ill) l.erical. familiarity and word. frequency, 
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uv) semantic versatility, so that the same test words could be used in different tasks, 

(v) segmental variation in pronunciation, (vi) vowel quality, (vii) lexical stress such as 

location and acoustic manifestation, and (viii) timing control in smaller phonological 

units like a segment, syllable and word. 

Task 2 examines the prosodic realization oI the target words at boundaries. The 

target words are the same ones used in Task I, but are presented in phrases in order to 

observe how speakers demonstrate speech acts using intonation: (j) declarative 

statements, (ill yes - no questions, (ill) WH questions, and uv) two-clause sentences. 

Task 3 uses the same target words in narrow-focus sentences to test if speakers use 

phrase accent to highlight important information: (i) indicating new information and 

(ill contrasting words or information. 

Task: 4 investigates vowel reduction in stressed and unstressed syllables by using 

function words, such as prepositions and auxiliaries. It also observes differences in 

vowel quality of these function words with or without a following syntactic boundary. 

Many Asian languages have a large set oI vowels, but an important characteristic oI 

vowels in the English spoken in most Asian countries is a lack of vowel reduction in 

relation to stress (Chen and Robb 2000, Chen 2006, Zhang et al. 2008). Vowel 

reduction has important linguistic functions in English; it provides significant clues in 

communication including the part-oI-speech oI a word, syntactic meaning and syntactic 

structure. Therefore, it is important to determine how speakers change vowel quality 

in relation to stress and grammatical functions. 

Task 6 tests if speakers use intonation to signal syntactic structure of syntactically 

ambiguous sentences. 

Task 6 is a text reading task in which speakers read the Aesop fable "The North 

W"md and the SuIi'. This fable is widely used in phonetic research of English because it 

contains all English phonemes. So it is a good text to examine segmental 

pronunciation. 

Task 7 is a role play in which the speaker plays the role oI a reservation agent at an 

airline company and helps a customer to reserve a flight ticket over the phone. This is 

not a free conversation task and the dialogue is controlled. The speaker hears the 

customer's voice through the headset and can also read what the customer says on the 

computer monitor. Fixing the dialogue makes it easier to compare and assess the 

segmental and suprasegmental characteristics. 

Task 8 is a picture description task designed to accumulate semi-spontaneous speech. 

The speaker sees a picture oI a man holding a shopping list in front of shelves with 

various goods in a supermarket. The speaker is asked. to answer various questions 

based on the picture. The speaker hears the questions through headphones and can 

also see the questions on the monitor at the same time. There are no fixed answers. 

The full lists oI test words and phrases, and a theoretical explanation of the 

construction of test words and phrases are discussed in Meng at al. (2009), Visceglia at 
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al. tW09) and Kondo (2012). 

All prompts are provided on a computer monitor and speech data is recorded directly 

on a computer with a Sennh.eiser PC 166 Headset. The recordings are done in an 

anechoic chamber if available or in a quiet room if it is not available. 

III Annotation 

The total amount of data collected by all the institutions will be very large, and it is 

d:iff1CUlt and time consuming to label L2 speech sounds with varied Ll accents. 

Therefore, we have been testing an automatic annotation method to label native 

Japanese speakers' data of "the North W"md a.nd the Smi', We chose the data of the 

North Wmd and the SuD because it contains all English phonemes and therefore it is 

ideal data to examine the accuracy of the auto-annotation. 

We have been testing the Hidden Markov Model Toolkit (ROO ("The Hidden Markov 

Model Toolkit", 2011.) with associated pronunciation word dictionary files based on the 

TIMIT speech corpus ("'TIMIT Acoustic'Phonetic Continuous Speech", 2011) written 

ARPABET symbols (Keating et aI. 1994, The eMU Pronouncing Dictionary, 2011), The 

HTK is a set of modules for building and manipulating hidden Markov models (HMM), 

and is mainly used in speech recognition research. Phonemes and their durations in 

speech are recognized and computed by HMM-based acoustic models (Figure U. The 

original word dictionary file was built using the TIMIT speech corpus which contains a 

large data-set of English sentence speech read by native American English speakers. 

First we trained an HMM-based acoustic model using HTK and the TIMIT speech 

corpus. The phonemes are registered in a word dictionary file including pairs of letter 

strings and phonemes for each word. However, since the TIMIT speech corpus only 

contains read speech data of native American English speakers it cannot annotate 

Japanese accented English perfectly because Japanese speakers produce different 

phonemes and sequences. Therefore, a new dictionary was created which contains 

phonemes and sequence of phonemes reflecting Japanese accented English, and this 

was added to the modules. As a result, the modified annotation system has two 

dictionary files (Figure 1): dictionary file A is based on the TIMIT speech corpus with 

native English speakers' pronunciation, and dictionary file B contains both the original 

ARPABET transcriptions from the TIMIT corpus and also added phonetic 

transcriptions that reflect Japanese accented English. For example, word dictionary 

file A contains a transcription of the English word blew as "b I uw" (ARpABET 

transcription) for !blu:1 (IpA transcription), which is based on the model pronunciation 

by native English speakers. This is a typical transcription of the pronunciation of the 

word blew produced by native English speakers, i.e. [blu:] (ARpABET "'b I uw"). 

However, Japanese speakers produce more varieties of pronunciation: e.g. ''Il uh I uw" 

(/bulu:/) by inserting a vowellul between the IbI and 111, ''Il r uw" (/bru:/) by substituting 
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W fur theN, "b uh r uTI' C/bul'IdJ by both a .ub.t:itution oIlr! fur N IIIld IIIl inaeztio:n 01. 

the wwel fuJ, u well u the oricinal TIMI'l'-bued model pronunciation "b I uw" !bIu:}. 

Word. diI:ti.onary file B 00IJ.tain. all oftlwlle tranacriptiollll, iIlcI.udinc the original TIMIT 

tran.cri.ptioJl. The two dicticmariea have enabled the HTK module. to perfurm 

auwannotll.lion of JaplIMMI .pMbrs' EnjIim with gnllI.tar accuracy. However, there 

were lOme partl whi.eh were not .acmented aecurately, 10 the automatic annotation 

wu ehecked and corrected manually fur more accurate aermantation. One or the moat 

dif&rult alpeCtl in manualllllllOtation 01.1.2 Eogliah apeech ia the annotation ofTOWela. 

For e:u.mple, JaplIMMI IpMken prodUCII m.II.IIf ww.l Vllrianta whi.eh ani difficult to 

label with .tandard EnjIim phoneme •. However, the auto-annotation method enablel 

the labe1ling of Japane.e acceI1ted vowel. with fixed criteria, and therefore it ia more 

reliable than hUIDllIl Iabellin&:. The d9ila of the automatic annotation method are 

dHcribed in TAubaki and Kondo (2on). 

l nm.· ....... --::. 
WOW <*kti ... " WOW dk! .... " 

~, ~ . 

'" 
JP,l.t(8IHI ,-

I [blewl bluw.l (bIew1 b Iuw. 
(blew] b uh 1 uw 

1:W]b rUW 
b uhruw 

Fig. I Two worddicti.onam.AandB for automatic a1ignmenttemq 

IV Analysis of Japanase AESOP "The North Wind and the Sun" 

Automatie annotation _ pe(ormed on 94 JapaneMI tpeablr,' read .peeeh Ib:ta of 

the Narth WiIId IUld the Brm. Their pronUllci.ation wu uamined. with reference to 

Genenl American proIlunciation whi.eh ia the model pronunciation uaed fur the TIMIT 

databue. 8epwJ.tal variation of tlmr pronunciation wu analyud in relation to 

.pwer fluency Ievela. The tpeablr.' Engliah fluency Ieve1a were evaluated on a 9-point 

Kale (1 to 6 in 0.6 iDaemenW by ejpJ.t Engliah. hmcuace teachera (4 native Encliab., 

and 4 native Japanelle.peakera with WIrY hich Encliah praIici.ency) who are currently 

te~ or have taUjht EnjIim at JlI.pII.IlMII! uniVlll'llitie •. The fluency IfiIIl _ judpd 

by overall auditory impreuion of .acmentalllIld wprueementalliueney and aoeul'aey: 

1 = very poor Calmoat incomprehe!llli.ble) - 2 = poor (difficult but jUIt be able to follow) -

B - averqe - 4 - rood (nuent with lOme aegmental or proaodie miatakea) - 6 - natDe 
like. Molt .peakers' levela _ diatributed between 2 to 4: the averap _ wu 2.98 
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and the median was 2.97 (Figure 2). 

25 

20 

~ 
:5' 15 
c1l 
'0 
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~. ~ 

:t., 
1.5 2 2.5 3 3.5 4 4.5 5 

Assessed English Level 

Fig. 2 English fluency levels of 94 Japanese speakers assessed by eight English 

teachers (4 native English speakers and 4 Japanese speakers) 

Figure 3 shows the number of segmental variants identified in each speaker, plotted 

in relation to their assessed English fluency level; there were a total of 6,620 variants 

detected in the 94 speakers. Since General American accent was chosen as the 

reference pronunciation, any non-American phonemes were judged as variants, i.e. 

different from the model pronunciation, even if they are not necessarily wrong. Yet, 

there were still more variants found in less fluent speakers, with a moderate negative 

correlation between the number of variants and fluency level. The Pearson's 

correlation coefficient (R) between English fluency and the number of pronunciation 

changes, including epenthesized and deleted sounds, was -0.631 (N:::94, p < .001; 

Figure 3). As shown in Figure 4, there were twice as many changes identified with 

vowels as with consonants: 4,478 examples compared with 2,142 examples, 

respectively. Annotation of vowels is not easy. It is also the case that vowel quality 

varies depending on regional accent and so typical vowel phoneme in non-American 

accents may have been identified as variants rather than as correct phonemes. 

Therefore, we have focused our analysis on the consonants. 
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140 
J!l 
" 120 .. • ." 
:!! 100 
" • i • . ., 80 • • " " • " 60 E! •• a. 
"0 40 
Iii 
.D 

20 E .--" Z 
0 

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

Assessed English Level 

Fig. 3 Number of pronunciation changes by individual speakers in relation to fluency 

level. The line shows the best fit correlation coefficient. (&2 = 0.398, y = 

-19.807x+129.87) 

Consonant 
epenthesis 

1.25% 

Vowel deletion 
0.71% 

V~I ~~IIIIII~II epenthesis 
13.20% 

Fig. 4 Pronunciation changes in 94 Japanese speakers' English <'Ibtal = 6,620) 

The consonantal variants presented in Figure 6 reflect typical problems discuBsed in 

EFL phonology of Ll Japanese speakers. Variants were produced for the phoneme 

alternations or the substitution of IJJ (418 examples), /"0/ (267 examples), 181 (191 

examples), Irl (124 examples), Ihl (50 examples), Izi (41 examples), Ivl (39 examples), IfJ 
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(20 examples) and IrJY (12 examples). 

All these consonants are phonemes in English, but Japanese does not have the IJJ, IfJI 

and 191 phonemes and 80 they are confused with Irl,/zi and fBI respectively. In our study. 

the typical variant of Il1 was Irl (W, [c], Lrl), and the variant of 161 was [dz] which is the 

most common realization of Izl in Japanese; Ial was mostly substituted by [s], Japanese 

speakers substitute Japanese phonemes for English phonemes which do not exist in 

Japanese. 

The alternations of (f) for IhJ and [hi for Iff were common. Japanese IhI has 

phonotactic constraints: the [hi occurs only before Ie/,Iaf and 10/. Also, Japanese IbJ has 

the allophone [.;1 before Iii and the allophone [,], which is commonly substituted for Iff, 

before lui. In other words, [h], [~] and [,1 are in complementary distribution in 

Japanese, but both Ihl and Iff occur before all vowels in English. This affects the 

recognition of the Ihl and Iff in relation to the following vowel. Phonotactic constraints 

also affected Iwl realization. The consonant Iwl occurs in Japanese and the 

pronunciation of Iwl is not particularly difficult for Japanese speakers. However, in 

modern Japanese the Iwl only occurs only before lal and so the sequences of Iwl with 

other vowels are not easy to differentiate from Iu+VI sequences. 

450 
J!l 400 " " ." 350 !l! 
~ 300 

" 250 
" 0 

" 200 8 
'6 150 

Iii 100 .c 
E 50 ~ z 

0 
• . . . . . -

69rwrhzvf:gd3sn 

English consonants 

Fig. 5 Consonantal variants in Japanese speakers' English speech ('lbtal = 1,404). 

Note: Since the model pronunciation is the General American accent. the alveolar 

tap [£1 occurs as an allophone of intervocalic Itl and Idl in the TIMIT corpus, and other 

realizations of intervocalic ItI and Idl are categorized as variants. 

In Japanese IJj -Irl variants and 1bI- Ivl variants are quite common. In our study we 

found three times as many variants of IJj than of Ir/. There were more than three times 

as many variants of IJj than of Ir/. Most lJj-variants were Ir/-like sounds, whereas the 

most common variant of Irl was the alveolar tap [r] which is a common allophone of 
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Japanese !rl. The alveolar tap [r] is also an allophone of English Irl in some accents, and 

therefore it is not an incorrect pronunciation. With regard to IbI - Ivl variants, all the 

variants of Ivl were [b], but there were no examples of [v] substituting for fbI. 

These results confirm the typical characteristics of Japanese speakers' English 

pronunciation. In addition, the data also indicates that Japanese speakers are likely to 

substitute Irl for /U and IbI for lvI, but not /U for Irl or Ivl for 1bI. Therefore, these data 

suggest that pronunciation training for Japanese speakers should focus on the 

pronunciation of /U and Ivl rather than on Irl and 1bI. 

VI Conclusions 

The AESOP corpus showed that many pronunciation variants occurred for 

consonants such as fJJ, 131, lvI, and 181 that are not phonemes in Japanese. Also, 

Japanese phonotactics played an important role in the production of consonantal 

variants. Our subjects were confused by pairs of English consonants, which are 

separate phonemes in English but in Japanese they are complementary distributed 

allophones of a single phoneme, e.g.1hl and 1fJ. 

Phonetic realization of Japanese phonemes also affects the production of English 

sounds. For example, the most common variant of English IzI by Japanese speakers 

was the affricate [dzJ instead of the fricative [zl, indicating that Japanese speakers do 

not differentiate between the fricative [zl and the affricate [dzJ. 

While Japanese speakers had difficulty in producing fJJ and lvI, they had much less 

diftlculty producing Irl and no difficulty producing fbi. This suggests that pronunciation 

teaching should pay more attention to fJJ rather than the pronunciation of !rl, and to 

the pronunciation of Ivl rather than 1bI. 

Finally, we showed that automatic annotation using HTK with a modified TIMIT 

dictionary can be used for segmentation of the read speech of L2 English corpus, but it 

is still advisable to manually check annotation of segmental boundaries. We need to 

investigate further to improve the accuracy of annotation. 
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