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Abstract

Speech systems are sensitive to accent variations. This is a chal-
lenge in India, which has numerous languages but few linguis-
tic studies on pronunciation variation. The growing number of
L2 English speakers reinforces the need to study accents and
L1-L2 interactions. We investigate Indian English (IE) accents
and report our observations on regional and shared features.
Specifically, we observe phonemic variations and phonotactics
in speakers’ native languages and apply this to their English
pronunciations. We demonstrate the influence of 18 Indian lan-
guages on IE by comparing native language features with IE
pronunciations obtained from literature studies and phonetically
annotated speech. Hence, we validate Indian language influ-
ences on IE by justifying pronunciation rules from the perspec-
tive of Indian language phonology. We obtain a comprehensive
description of generalised and region-specific IE characteristics,
which facilitates accent adaptation of existing speech systems.
Index Terms: Phonetics and phonology, L1-L2 interaction, In-
dian English, Pronunciation analysis, Accent adaptation

1. Introduction

India has over 1,600 languages and dialects from five language
families — Indo-Aryan, Dravidian, Austro-Asiatic, Tai-Kadai
and Tibeto-Burman [1]. Besides languages native to India, En-
glish is a lingua franca in education, law and administration
[2, 3], gaining importance as a second language. However, ex-
isting speech systems cannot handle the increasing English use,
as people impose their native language (L1) behaviours on spo-
ken English (L2). These influences result in extensive diversity
in spoken English. On the other hand, Indian languages possess
similar phonology due to shared region or language family. The
diversity of native languages influences English in each region,
with the collection of spoken English varieties within India be-
ing referred to as Indian English (IE).

Many measures have been attempted to handle IE speech.
[4, 5] proposed models to automatically extract pronunciation
rules mapping American English to IE. [6, 7, 8, 9] described IE
data and provided lexicons at different levels of phonetic vari-
ation. [10] used voice conversion to generate IE speech, and
discovered that the pronunciation model is vital for good perfor-
mance. Existing linguistic studies describing IE characteristics
examined single varieties, failing to handle the full variation. A
thorough investigation involving Indian language phonology is
crucial. By observing L1 phonology, their influence on L2 En-
glish speech can be determined. To address this, we investigate
Indian native language influences on English, using a diverse
IE corpus [7]. By describing IE behaviour, one can handle un-
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seen IE varieties, either adapting existing systems to specific
varieties or handling unusual pronunciations due to L1 influ-
ence. This also assists in tasks like accent recognition, mispro-
nunciation detection and diagnosis (MDD), and native language
recognition. Consequently, this will enable the development of
speech applications designed for the diverse varieties of IE.

In this paper, we perform linguistic analysis on IE pronunci-
ation by considering the speakers’ native languages. We organ-
ise the behaviours of 18 Indian languages using phonemes and
phonotactics, apply them to English, and categorise the pronun-
ciations as ‘general’ or ‘regional’. We use Indian language char-
acteristics to validate IE pronunciation rules compiled jointly
from data and prior linguistic studies. Hence, we derive lin-
guistic rules to empirically verify intuitions about Indian lan-
guage influence on IE speech from the perspective of both L1
and L2. Our results can help develop speech systems robust
to Indian variation. The general characteristics are helpful for
custom lexicons and tasks like Indian accented ASR and TTS;
regional characteristics provide detailed accent information for
MDD, accent conversion and accented lexicon adaptation.

2. Preliminary Study

Indic TIMIT corpus is considered, with IE speech recordings

of 80 L2 speakers of English from different demographic re-

gions with a few Indian states each — East, Northeast, North,

Central, West and South [7]. Since state boundaries were lin-

guistically motivated, geopolitical and linguistic boundaries are

aligned [11]. Hence, the speakers’ native languages are among

those prominent in the respective region. Languages were di-

vided into the following, with an equal number of speakers:

* Group 1: (East, Northeast) Maithili, Nepali, Oriya, Bengali,
Assamese, Dimasa, Mog, Manipuri

¢ Group 2: (North, Central) Malwi, Marwari, Hindi, Punjabi

* Group 3: (West) Gujarati, Marathi, Konkani

¢ Group 4: (Upper South) Kannada, Telugu

* Group 5: (Lower South) Malayalam, Tamil

Groups 4 and 5 are Dravidian; Manipuri, Mog and Di-
masa are Tibeto-Burman; and the rest Indo-Aryan. The Austro-
Asiatic family influences Bengali, Assamese and Nepali, and
the Indo-Aryan family influences Kannada and Telugu. As-
samese is further influenced by the Tibeto-Burman family.

Indic TIMIT also has phonetic transcriptions for 2,342
recordings, annotated by two linguists. A recent study [12] ob-
tained annotations for 15,974 recordings, with over 190 record-
ings from native speakers (sans Manipuri speakers). These cov-
ered the entire TIMIT stimulus material spoken by each region’s
speakers. Uniform influence from the languages was assumed.

A few works characterised IE pronunciation relative to Re-
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ceived Pronunciation (RP) [13, 14, 15, 16, 17]. [12] analysed
the variations of IE against RP by validating pronunciation rules
from literature with rules obtained in a data-driven manner from
the phonetic transcriptions of 15,974 recordings, and also re-
porting rules newly derived from the data. The comparison
was done at word level between canonical RP transcriptions and
manually annotated IE transcriptions. A set of rules describing
IE variations relative to RP was obtained and segregated into
three categories. These have been consolidated here in Table 1.

¢ Category 1: Rules mentioned in literature which were also
obtained from the data-driven approach.

» Category 2: Rules obtained from the data-driven approach,
but absent from existing literature.

¢ Category 3: Rules which occurred in literature, but were not
obtained from the data-driven approach. These were not ob-
tained for either of two reasons — the rules derived from data
contradicted those from literature, or the phones mentioned
in the rules were absent from the data.

Table 1: IE pronunciation rules relative to RP. ‘*’ indicates na-
tive language specific rules

No. Category 1 Category 2 Category 3
RP IE RP IE RP IE
1 /el lel v/ h/ /n/ /an/
2 /n/ /ol fav/  [au/ *[] /sl
3 annodL e vl *Iv/ /b
4 K 3 e/ e ph
5 10/ d/ la/ /ar/ lou/ foy/
6 n /ol nd/ - fed/ et/ lex/
7 *[z/ /s/ /fn/  /fon/ /o/ 131/
8 *1/ il fon/  [en/ /aul, -
/eal,
/1el,
laz/, 1o/

Although [12] considered a large number of phonetic tran-
scriptions, the rules of Category 2 were absent from literature.
This has two possible reasons: (1) existing literature failed to
consider all IE varieties; or (2) the new data-driven rules were
incorrect. To analyse this, we study the influences of Indian
native languages (L1) on IE (L2) and validate the new rules.
We also analyse how these influences could result in the rules
reported in literature as seen in Categories 1 and 3. In our anal-
ysis, we consider the data-driven study as representative of the
full population of native speakers for each language.

3. Observations

To analyse L1 influence on IE (L2), we study L1 sound proper-
ties. We posit that observing L1 sounds and their changes pro-
vides insights into pronunciation variations in L2. Hence, we
study each language individually and in relation to geographi-
cally or genealogically close languages. We study L1 phonemes
to understand fundamental variations, and categorise phonemes
based on their occurrence; the greater the number of languages
with a phoneme, the greater the salience of the phoneme in the
L2 accent. We also study L1 phoneme interactions via phono-
tactics, which determines valid phoneme sequences. Speakers
enforce L1 phonotactics on L2 speech, so by observing these
we can understand pronunciation variations in L2 due to L1.
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Table 2 details the 18 native Indian languages with their
group, region of origin, language family, and phoneme count.

Table 2: Native Indian languages of the speakers

Region Lang. Family L1 n(L1)
Tibeto-Burman Dimasa 21
East Mog 36
Maithili 56
Oriya 49
East, Northeast Indo-Aryan Bengali 47
Assamese 40
Northeast Nepali 46
North Pun]abl. 51
Indo-Arvan Marwari 50
North, Central y Hindi 55
Central Malwi 46
Gujarati 47
West Indo-Aryan Marathi 48
Konkani 55
L Kannada 50
Upper South Dravidian Telugu 55
Lower South Dravidian Malaya}am 4
Tamil 37

3.1. General characteristics

Most major Indian languages show an overlap in their phoneme
inventories, including those here [18]. We call the shared prop-
erties general characteristics. Some examples are the existence
of retroflex (/{/, /d/) and dental (/t/, /d/) stops in place of alveo-
lar stops (/t/, /d/) and dental fricatives (/0/, /8/), and the phone-
mic aspiration of consonants. Indian languages also possess
a greater number of vowels, though there is not much over-
lap with native English vowels. Additionally, Indian languages
have syllabic orthography with the inherent vowel schwa (/o/).

Figure 1 shows the frequency corresponding to the occur-
rence of phonemes in the 18 Indian languages. The phonemes
are arranged in orthographic convention with vowels followed
by consonants. The stops are arranged by place of articula-
tion (velar, palatal, retroflex, dental, bilabial) and glottal char-
acteristics (unvoiced-unaspirated, unvoiced-aspirated, voiced-
unaspirated, voiced-aspirated)'. In the figure, the left side,
“General”, refers to the common phonemes part of the phoneme
inventories of most Indian languages. The right side, “Re-
gional & Other”, includes region-specific and foreign language
phonemes. Borrowed phonemes (e.g. Perso-Arabic /q/) and
regional phonemes (e.g. Bengali vowel /oi/) are kept parallel
associated standard phonemes (/k/ and /ai/ respectively).

In total, 70 unique phonemes were observed in the 18 lan-
guages. After noting the number of languages each phoneme
occurred in, we calculated the percentile to determine their de-
gree of prevalence in Indian languages. This indicates whether
the phoneme is general, frequent or rare, by applying a uniform
threshold on their frequencies. In this case, the top one-third
(>66.7 percentile) phonemes occurred in 16 or more languages
and the middle one-third (>33.3 percentile) phonemes occurred

I'The second row of stops contains postalveolar affricates, but is kept
with the stops to keep consistent with the nasals.
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VOWELS
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& o [JaE =

Figure 1: Phonemes with their frequencies in Indian languages (dark blue: high; medium blue: moderate; light blue: low)

in 10 or more languages, while the bottom one-third phonemes
occurred in fewer than 10 languages. In the figure, darker shade
implies a higher frequency of occurrence of the phoneme. Of
the 70 phonemes, 9 phonemes occurred in all 18 languages; sur-
prisingly only 2 of these were vowels.

Despite many similarities, Indian languages also have fea-
tures distinct from general characteristics, like tonality, phone-
mic stress, and vowel harmony. The greatest reason for devia-
tion is difference in phoneme inventories — seen in native speak-
ers of Tibeto-Burman languages (Mog and Dimasa), whose En-
glish is distinct from that of other Indian languages.

3.2. Regional characteristics

We consider L2 English speech by L1 Indian language speakers
from each region. The languages of a region are expected to ex-
hibit similarities due to either geography or genealogy. They do
not typically deviate from the general characteristics, but each
region exhibits some unique features. Further, the behaviour of
afew languages differs from the rest in the region. This could be
due to genealogy and the influence of neighbouring languages.

Lower South The prominent characteristics of Malayalam and
Tamil are vowel length distinction, and the lack of phone-
mic aspiration [19]. While Malayalam orthography has both
aspirated and unaspirated consonants, pronunciation of the
aspiration does not affect communication and is understood
from context. On the other hand, Tamil lacks aspirated con-
sonants entirely. The Tamil character set also lacks the pro-
vision for voiced consonants; all such sounds occur due to
the language phonotactics [20, 21]. Both languages possess
several consonants (mostly trills and flaps like /t/, ln/, It/, /1),
which are not observed in other Indian languages [22].

Upper South As in the Lower South, Telugu and Kannada ex-
hibit vowel length distinction and lack phonemic aspiration
[19]. Both are similar to Malayalam, since aspirated conso-
nants exist in their orthographies but are undifferentiated in
speech. Word-initial vowels are also sometimes preceded by
semivowels. For example, front vowels /i/ and /e/ are pre-
ceded by /j/, and back vowels /u/ and /o/ are preceded by /v/.
Telugu exhibits vowel harmony with /u/ [23], and also fre-

quent voicing of medial consonants similar to Tamil [24].

West The Western languages, Konkani, Marathi and Gu-
jarati, exhibit schwa deletion in a limited form, occurring
word-finally in all, but also word-medially in Gujarati [25].
Konkani exhibits vowel length distinction (Marathi does so
only in orthography) and is also the only language with a
different inherent vowel /e/. Other unique properties are
schwa fronting in Gujarati [26], lack of vowel nasalisation
in Marathi, and consonant palatalisation in Konkani [27].

North and Central Like Gujarati, these languages (Malwi,
Marwari, Hindi and Punjabi) possess both vowel nasalisation
as well as word-medial and word-final schwa deletion [25].
Hindi is more similar to Gujarati than the other languages,
as it exhibits schwa fronting [28]. The commonality between
them, observed across regions, can be attributed to close ge-
nealogical relations. Punjabi is distinct from the others due
to tonality, gemination of consonants, and a unique form of
vowel contrast. Punjabi vowels exist in three distinct groups
(front, central, back), contrasted primarily by quality (central
or peripheral) and secondarily by vowel length [29].

East and Northeast Unlike other groups, this has three further
segments. The first (Maithili and Nepali) exhibits the general
characteristics with the addition of interchangeable vowels
and semivowels [30, 31]. The second segment (Oriya, Ben-
gali and Assamese) possesses a different inherent vowel [o/
[25]. Both segments also exhibit limited schwa deletion and
vowel nasalisation. The third segment (Mog and Dimasa)
differs considerably [32, 33] — the languages have reduced
phoneme inventories compared to other regional languages,
with fewer vowels and consonants. They also have different
phonotactics with stricter sound rules [34, 35, 36, 37, 38, 39].
Thus, their phonemes and behaviour are quite distinct. Due to
geographical proximity to them, Assamese also bears some
of their characteristics, especially the different consonants
and vowel harmony [40, 41].

On observing South, it is clear that non-phonemic aspira-
tion, vowel length distinction and consonant voicing are prop-
erties characteristic of Dravidian languages, notwithstanding re-
gion. Comparison of West, Central, North and East indicates
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that Indo-Aryan characteristics are schwa deletion and vowel
nasalisation, with each region showing unique properties. In
contrast, Tibeto-Burman languages here are characterised only
by a reduced phoneme set. The impact of geographical prox-
imity is evident in the regional features common within each
group (like the different inherent vowel of Eastern Indo-Aryan
languages), and also in the properties shared by unrelated but
neighbouring languages. As an example, the vowel harmony in
Assamese is due to Tibeto-Burman influence. Dravidian influ-
ence on Konkani and Marathi is also clear in their vowel length
distinction and lack of vowel nasalisation respectively.

4. Discussion

We hypothesise that IE pronunciation variation (in Table 1) is
due to L1 influence and exploit L1 behaviour to understand
it. Since the pronunciation rules are derived from data that is
unevenly distributed among the speakers of the 18 Indian lan-
guages, they are subject to statistical bias from languages with
more speakers. By linking recorded IE behaviour to the char-
acteristics observed in L1, we can attribute these characteris-
tics to the number of associated languages, instead of number
of speakers, which is balanced only by region. Consequently,
we can determine whether these characteristics are general or
region-specific. Thus, the rules verified against L1 phonotactics
will accurately describe the speakers’ behaviour.”

4.1. Pronunciation rules verified by L1 and L2

The first observation is consonant substitution. Indian lan-
guages lack alveolar stops and dental fricatives, so speakers sub-
stitute these with retroflex and dental stops, respectively. This
is well accepted, corroborated by both data-driven and litera-
ture study of IE (C1R3,4,5) and examination of Indian languages
(Section 3.1). Thus, these are general IE characteristics.

We also observe several regional characteristics. The prime
example is interchangeable voiced and unvoiced consonants,
from the data analysis (C1R7). Native language study allowed
us to verify this as a behaviour of Dravidian language speakers,
especially for Tamil or Telugu (Section 3.2). This substitution
is frequent due to a large speaker fraction; however, since the
number of languages causing this is lower, the characteristic
is not general but regional to Upper and Lower South. Lack
of aspiration is another regional characteristic, which we again
observe in Dravidian language speakers — the speakers substi-
tute the unvoiced dental fricative /6/ with the unvoiced dental
stop /t/, while speakers of most other Indian languages use the
aspirated unvoiced dental stop /t h/ (C1R4).

The main vowel substitutions were the replacement of diph-
thongs with monophthongs. This is because, despite Indian
languages having several diphthongs, few are shared with RP.
Thus, they are approximated using known vowels. Prior lit-
erature predicted the resultant phones as long vowels, but the
rules derived from data showed the substitutions as short vow-
els (C3Rs5,6,7). This seems surprising, but observing the native
languages justifies the outcome. Of the 18 languages, only one-
third distinguish vowel length, making the observed short vow-
els and predicted long vowels equivalent. Hence, for a general
characteristic, it is more important to correctly identify the sub-
stituting vowel — usually, the diphthong’s first vowel.

The remaining vowel substitutions are as expected, where
the vowel used has the most shared properties. For example,
most Indian speakers tend to use tense vowels /e/, /o/, /i/ and /u/

2We use CRy for “Category z, Rule y of Table 17
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in the place of corresponding lax vowels /¢/, /a/, i/ and /u/. This
is seen in the preliminary study, in Table 1 (C1R; 2 5; C2Ry 2).
All vowel substitution rules are general as they are validated
by the general characteristics of the native languages, regional
behaviours being statistically insignificant.

4.2. Discarded pronunciation rules

Several predicted substitutions contradicted observed native
language behaviours and were discarded. The first is palatalisa-
tion, i.e. the insertion of semivowel /j/ (C2R3). This is present
in transcriptions but only occurs to a minor degree in the En-
glish words. Being almost non-existent in Indian languages,
palatalisation is not distinguished from non-palatals. As a re-
sult, native Indian language speakers only perceive the distinct
pronunciation of palatals. This direction requires future explo-
ration for a better conclusion, hence we discard the substitution
in this study. Similarly, the limited data and literature regarding
gemination and the inconsistent occurrence of schwa insertion
(CiRg; C2R7; C3R1) could not be validated from the perspec-
tive of L1-L2 interactions. Several rules were excluded due to
lack of definite cause (C2Ry4 5.6,8).

Another kind of substitution discarded was the set of rules
which could not be verified by data analysis, despite being ob-
served in descriptions of both IE and L1. We also discarded
certain behaviours predicted by L1 phonotactics which were not
observed in the data-driven study. The regional characteristics
of Oriya, Bengali and Assamese (in Section 3.2), suggested the
undifferentiated use of /b/, /v/, /v/, and /w/ in English (C3R3).
Additionally, literature suggested that Telugu speakers tend to
substitute /[/ with /s/ (C3R2), and that Gujarati and Marathi
speakers tend to substitute /f/ with /p h/ (C3R4). However, con-
trary to expectation, L2 pronunciations in the preliminary study
are consistent with those of other regions.

5. Conclusions

Modified lexicons are a popular solution to non-native accents.
An IE pronunciation dictionary [9] used basic substitution to
convert CMU dictionary [42] codes to the Common Phone Set
(CPS) [43], phonetic codes used in Indian multilingual speech
systems. However, simple measures fail to deal with IE vari-
ation or strong regional accents. Thus, a larger dictionary in-
clusive of all regional varieties is essential. In this paper, we
studied the phonemic variations and phonotactics of 18 Indian
languages and analysed them against a data-driven study of IE
pronunciations. From this, we compiled the linguistic charac-
teristics which cause general and region-specific pronunciation
variations in IE, validated with respect to both L1 and L2.
Hence, we empirically verify intuitions about native lan-
guage influence on IE. Additionally, our linguistic profile pro-
vides details about IE speech which makes it valuable for de-
veloping speech systems robust to Indian context. The general
characteristics are useful for handling unseen Indian accents,
and regional characteristics are useful for either adapting exist-
ing systems to IE varieties or handling unusual pronunciations
due to native language influence. The linguistic profile can fur-
ther assist in tasks like accent recognition, mispronunciation de-
tection and diagnosis (MDD), and native language recognition.
The current analysis was done on phonemic space, but fu-
ture efforts could explore the phonetic space by observing allo-
phones in context. Another area is the development of a phono-
tactic similarity index, allowing for qualitative assessment of
phonemic processes and their influence on other languages.



[1]

[2]

[3]

[4]

[6]

[7]

[9]

[10]

(1]
[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

6. References

M. S. Dryer and M. Haspelmath, “The World Atlas of Language
Structures online,” 2013. [Online]. Available: https://wals.info/

S. Kim, K. Lee, and M. Chung, “A corpus-based study of English
pronunciation variations,” in Proceedings of the 12th Annual Con-
ference of the International Speech Communication Association
(ISCA), 2011.

R. W.Ng and K. Hirose, “Syllable: A self-contained unit to model
pronunciation variation,” in International Conference on Acous-
tics, Speech, and Signal Processing (ICASSP). 1EEE, 2012, pp.
4457-4460.

A. Sen, “Pronunciation rules for Indian English text-to-speech
system,” in Workshop on Spoken Language Processing, 2003.

A. Baby, P. Jawale, S. Vinnaitherthan, S. Badam, N. Adiga, and
S. Adavane, “Non-native English lexicon creation for bilingual
speech synthesis,” in Proc. 11th ISCA Speech Synthesis Workshop
(SSW 11),2021, pp. 154-159.

S. Ganji, K. Dhawan, and R. Sinha, “IITG-HingCoS corpus: A
Hinglish code-switching database for automatic speech recogni-
tion,” Speech Communication, vol. 110, pp. 76-89, 2019.

C. Yarra, R. Aggarwal, A. Rajpal, and P. K. Ghosh, “Indic TIMIT
and Indic English lexicon: A speech database of Indian speak-
ers using TIMIT stimuli and a lexicon from their mispronunci-
ations,” in Proceedings of the 22nd Conference of the Oriental
chapter of International Committee for the Co-ordination and
Standardisation of Speech Databases and Assessment Techniques
(O-COCOSDA). 1EEE, 2019, pp. 1-6.

X. Huang, X. Jin, Q. Li, and K. Zhang, “On construction of the
ASR-oriented Indian English pronunciation dictionary,” in Pro-
ceedings of The 12th Language Resources and Evaluation Con-
ference (LREC), 2020, pp. 6593-6598.

S. Jain, A. Yadavalli, G. S. Mirishkar, C. Yarra, and A. K. Vup-
pala, “IE-CPS Lexicon: An automatic speech recognition oriented
Indian-English pronunciation dictionary,” in Proceedings of the
18th International Conference on Natural Language Processing
(ICON), 2021.

R. Kumar, R. Gangadharaiah, S. Rao, K. Prahallad, C. P. Rosé,
and A. W. Black, “Building a better Indian English voice using
“more data”.” in SSW.  Citeseer, 2007, pp. 90-94.

India, “States Reorganization Act,” 1956.

P. Pal, S. Jain, A. Vuppala, C. Yarra, and P. Ghosh,
“Study of Indian English pronunciation variabilities relative
to Received Pronunciation,” 2022. [Online]. Available: https:
/larxiv.org/abs/2204.06502

J. C. Wells, Accents of English: Beyond the British Isles.
bridge University Press, 1982, vol. 3.

Cam-

R. K. Bansal, “The pronunciation of English in India,” Studies in
the pronunciation of English: A commemorative volume in honour
of AC Gimson, pp. 219-230, 1990.

R. K. Bansal and J. B. Harrison, Spoken English: A Manual of
Speech and Phonetics. Sangam, 1994.

R. Mesthrie, “Introduction: Varieties of English in Africa and
South and Southeast Asia,” in Africa, South and Southeast Asia.
De Gruyter Mouton, 2008, pp. 23-34.

P. Sailaja, “Indian English: Features and Sociolinguistic aspects,”
Language and Linguistics Compass, vol. 6, no. 6, pp. 359-370,
2012.

S. Kishore, R. Kumar, and R. Sangal, “A data driven synthesis ap-
proach for Indian languages using syllable as basic unit,” in Pro-
ceedings of Intl. Conf. on NLP (ICON), 2002, pp. 311-316.

B. Krishnamurti, The Dravidian languages.
sity Press, 2003.

H. F. Schiffman and F. Harold, A reference grammar of spoken
Tamil. Cambridge University Press, 1999.

Cambridge Univer-

2612

[21]

[22]

[23]

[24]

[25]

[26]
[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

E. Keane, “Tamil,” Journal of the International Phonetic Associ-
ation, vol. 34, no. 1, pp. 111-116, 2004.

S. Hamann, The phonetics and phonology of retroflexes. Nether-

lands Graduate School of Linguistics, 2003.

R. W. Wilkinson, “Tense/lax vowel harmony in Telugu: The influ-
ence of derived contrast on rule application,” Linguistic Inquiry,
vol. 5, no. 2, pp. 251-270, 1974.

P. Bhaskararao and A. Ray, “Telugu,” Journal of the International
Phonetic Association, vol. 47, no. 2, pp. 231-241, 2017.

C. P. Masica, The Indo-Aryan Languages. Cambridge University
Press, 1993.

P. Mistry, “Gujarati writing,” pp. 391-394, 1996.

D. Jain and G. Cardona, The Indo-Aryan Languages.
2007.

M. C. Shapiro, “Hindi,” The Indo-Aryan Languages, pp. 250-285,
2003.

C. Shackle, “Panjabi,” The Indo-Aryan Languages, pp. 580-621,
2003.

R. Khatiwada, “Nepali,” Journal of the International Phonetic As-
sociation, vol. 39, no. 3, pp. 373-380, 2009.

R. Yadav, A reference grammar of Maithili. De Gruyter Mouton,
2011.

D. Moral, “North-East India as a linguistic area,” Monkhmer Stud-
ies, pp. 43-54, 1997.

M. Miri, Linguistic Situation in North-East India.
lishing Company, 2003.

Routledge,

Concept Pub-

J. Okell, “Three Burmese Dialects,” in Papers in Southeast Asian
Linguistics No.13, Studies in Burmese Languages, D. Bradley, Ed.
Australian National University, 1995, vol. 83, pp. 1-138.

D. Bradley, “Arakanese vowels,” in Linguistics of the Sino-
Tibetan area: the state of the art. Papers presented to Paul K.
Benedict for his 71st birthday, G. Thurgood, J. A. Matisoff, and
D. Bradley, Eds. Department of Linguistics, Research School of
Pacific Studies, Australian National University, 1985, vol. 87, pp.
180-200.

D. Bernot, “The vowel systems of Arakanese and Tavoyan,” in
Indo-Pacific linguistic studies, G. B. Milner and E. J. A. Hen-
derson, Eds.  North Holland Publishing Co., 1965, vol. 2, pp.
463-474.

B. Houghton, “The Arakanese Dialect of the Burman Language,”
The Journal of the Royal Asiatic Society of Great Britain
and Ireland, pp. 453-461, 1897. [Online]. Available: http:
/Iwww.jstor.org/stable/25207880

P. Brahma, “Phonology and morphology of Bodo and Dimasa: a
comparative study,” Ph.D. dissertation, Assam University, 2013.

S. Endle, The Kacharis. Macmillan and Co., 1911.

S. Mahanta, Directionality and locality in vowel harmony: With
special reference to vowel harmony in Assamese. —Netherlands
Graduate School of Linguistics, 2008.

——, “Assamese,” Journal of the International Phonetic Associ-
ation, vol. 42, no. 2, pp. 217-224, 2012.

R. Weide, “The Carnegie-Mellon University Pronouncing
Dictionary for American English,” Pittsburgh, PA: Carnegie
Mellon University, 1998. [Online]. Available: https://www.
speech.cs.cmu.edu/cgi-bin/cmudict

B. Ramani, S. L. Christina, G. A. Rachel, V. S. Solomi, M. K.
Nandwana, A. Prakash, S. A. Shanmugam, R. Krishnan, S. K.
Prahalad, K. Samudravijaya et al., “A common attribute based
unified HTS framework for speech synthesis in Indian languages,”
in Eighth ISCA Workshop on Speech Synthesis, 2013.



