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ABSTRACT

In this paper we describe similarities and
differences in the formant trajectories of Australian
English diphthongs /21/, /al/and /I8/ in "boy",
"buy” and "here" in two dialects, one spoken by
native speakers of Australian English and another
spoken by Tamil migrants living in Australia. This
contrastive analysis conducted in f1-f2 plane lend
support to the view ([5],[6]) that non-native
speakers tend to approach native speaker's certain
sound with longer exposure to the target dialect.

1. INTRODUCTION

Previous acoustic-phonetic studies ([1},[2]) of
monophthongs spoken by non-native speakers of
English, have shown consistent properties that are
dependent on the native language of the speakers.
In this investigation, we extend our analysis to
more complex vocalic sounds such as the
diphthongs, the dynamic characteristics of which
raise the hope of capturing further dialect-specific
features. In particular, we describe some promising
features found in the formant trajectories of
selected diphthongs of two dialects of Australian
English, one spoken by Tamil (a South Indian
language) migrants, and the other spoken by native
speakers of Australian English.

2. EXPERIMENT

2.1 Speech material

Eight English sentences, which include most of the
phonemes in Australian English, were carefully
chosen for this investigation, and these are listed in
Table 1. The sentences were typed individually on
a card; and each informant uttered them in a
random order. This process was repeated ten times
50 that each informant recorded eighty sentences in
a single recording session. The recording
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experiment took place in a quiet environment; and
the speech waveforms were digitised at 10000 Hz.

Table 1
1. People say that things could be better.
2. It is good to choose well.
3. You should start now, but that may not
be possible.
4. He came here for a change of job.
5. Please buy the right toy for the boy.
6. It was a pleasure to chair the meeting,.
7. There is no reason to hurt her feelings.
8. She came to the end of her tour of duty.

2.2 Speaker details

Data were collected from 18 informants whose
native language is Tamil, and 4 informants, who
are native speakers of Australian English. Both
groups included males and females. None of these
informants have speech impairments or hearing
difficulties, and all are professionally qualified and
employed. However, only 8 male speakers' data are
considered in this paper. Two of the speakers are
native speakers of Australian English, and others
are native speakers of Tamil, living in Australia.
Table 2 lists the identification used for speakers and
the time they have been in Australia. Tamil
speakers are divided into two groups, Short Term
Residents (STR) and Long Term Residents (LTR).
Two native Speakers of Australian English are
referred to as SAE #1 and SAE #2.

Table 2

Speaker ID Period of stay
in Australia

STR #1 6 months
STR#2 2 years
STR#3 5 years
LTR #1 15 years
LTR #2 21 years
LTR #3 20 years
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2.3 Formant - Trajectory estimation

Eight diphthongs highlighted in the sentences
listed in Table 1 were selected for formant (f1, {2,
f3) analysis. These sounds are characterised by
formant transitions ([3],[4]) through the vowel
space and thus are expected to capture both
speaker and dialectal differences. The start and the
end of the diphthong nuclei were determined
visually and confirmed auditorily. The formants
were automatically extracted using the Linear
Predictive Coding (LPC), autocorrelation method
available within ILS. Formant estimates were
obtained at eleven equidistant points in time
throughout the diphthong duration. Acoustic
analysis of those nuclei, that were realised clearly
as diphthongs (listed in Table 3) by both groups of
speakers are reported here. Native speakers of
Tamil realised the diphthong nuclei in "no" and
"say" as only monophthongs.

Table 2
Target IPA
Diphthong Word Representation
Type
/1/ boy /bo1/
buy /bai/
/8/ here /his/

vowel” area, and the offset targets are midway on
the line connecting /i/ and /2 /.

3.2.1 Analysis of STRs

Onset targets show a clear progression from /D/ to
/2/ as time of residence increases. It is interesting to
note that STR #3 in this short term exhibits the onset
target which is close /3/. Offset targets appear to be
increasingly undershot as function of time of
residence, although this may be attributed due the
fact, that this word is at the end of the sentence and
some speakers may not realise this completely.

3.2.2 Analysis of LTRs
The f1-f2 trajectories show more shift towards /2/

at onset position than what is observed among
STRs.

Short term resident #1(boy)

3. ACOUSTIC-PHONETIC ANALYSIS
3.1 f1 - £2 planes of selected diphthongs

Acoustic-phonetic variations between onset and
offset target of diphthongs are traditionally
illustrated and studied in the f1-f2 plane. Figures
la through 1h show the trajectory of the diphthong
/91/ in "boy" superimposed on the vowel
quadrilateral for the individual speakers.
Monophthongs /U/, /i/, /®/ and /D/ were
selected from the words "good", "be", "that" and
“job" in the sentences 2, 3 and 4 respectively. It is
to be noticed that the monophthong /i/ has a low
value of f2 in most of the cases due to co-
articulation. All trajectories shown in the figures
were obtained by averaging over the ten available
tokens.

3.2 Diphthong /31/ in "boy"

Native speakers’ production of this diphthong
yield consistent f1-f2 patterns. Onset targets are
defined midway between /U/ and /D/ on f1 axis.
The trajectories cleatly pass through the "neutral-
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Short term resident #3 (boy)
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Long term resident #1 (boy)
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Speaker #1 of Australian English (boy)
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Furthermore, the trajectories tend to pass through
the "neutral-vowel" area, with a curvilinearity
becoming more visible with time of residence,
ranging from very short-term to very long-term
Tamil residents. Though the native speakers of
Tamil follow a different route near onset than those
of the native speakers of Australian English,
subsequently the trajectories for LTRs show clear
tendency towards the particular movements
(observed for SAEs) through the vowel
quadrilateral.

3.3 Diphthong /al/ in "buy"

The transitions in the production of /@I/, from the
short term resident to the long term resident and to
the native speakers of Australian English, exhibit
very similar features to those observed for the
/ 31/ diphthong. However, the coarticulatory
effects are more pronounced in "buy”; the onset
target starts around /@ / but the offset /I/ is never
reached. The long term resident LTR #3 produces
/@l/ very similar to that of a native speaker of
Australian English .

3.4 Diphthong/I2/ in "here"

The trajectories for all the three groups of the
diphthong /18/ in f1-f2 plane showed that the
onset starts at around /I/ on their individual
vowel quadrilateral but for native speakers of
Tamil, the offset varies considerably with time of
residence. Closer auditory evaluation indicates that
this phenomenon is the result of the influence of
the phoneme /r'/ in "here".

4. CONCLUDING DISCUSSION

The Tamil language has only two diphthongs /aI/
and /auy/, it is perhaps not surprising that short-
term resident speakers would produce the onset in
/31/ closer to /@/ than to /2/. Generally we
observed a positive trend in the diphthong
trajectories in the f1-f2 plane, which is compatible
with the notion that the longer the linguistic [5,6]
exposure, the better is a non-native speakers'
approximation of a native speaker's sounds.

It should be mentioned here, that further analyses
of the diphthong trajectories in f2-f3 plane
reinforced our observations obtained in f1-f2 plane.
For example the curvilinear passage through the
"neutral-vowel" area in f1-f2 plane was manifested
in the f2-f3 plane as V-shaped trajectory [7] in /01/
for all the speakers. The point of inflection in the V-
shaped curve moved closer towards the
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coordinates of neutral-type vowel as the time of
residence of non-native speaker increased. The
contrast that non-native speakers attained the
offset nucleus in /3I/ to a higher degree became
clear in f2-f3 plane. The auditory confirmation of
the influence of /I/ in the diphthong nucleus in
"here" became apparent in £2-f3 plane.

The analyses reported here are encouraging, and
therefore further study of a more comprehensive
data set is planned in order to extend our present
observations and develop a quantitative model.
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