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ABSTRACT

Speech production system experiences complex dyriangue movements for the production of retrofleXgis makes
retroflexes distinct from other phonemes. Presémdysaimed to analyze the articulatory dynamics aodrticulatory
pattern of retroflexes across three major languagédndia: Hindi, Kannada, and Malayalam. Ninetyutdspeakers
having equal number of native speakers for eaclydage participated as subjects. The stimuli coedisdf VCV
sequences with C corresponding to voiced/ unvodmdhterparts of retroflex g /¢/) in the context of vowels /a, i, u/.
Tongue contours of each phoneme was obtained Wdindgray 6600 Ultrasound module and further, coautation
measurements were done using Articulate Assistadeanced (AAA). Results indicated that the tongunonir of vowels
imitated the pattern of retroflexes, especiallytia following context than in preceding contex@oarticulation resistance

of retroflexes were more in Hindi compared to Dddan languages.
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INTRODUCTION

Retroflexes are of study interest because of iteptex pattern of articulatory dynamics and its iivoccurrence in
world’s languages. As per Bhat (1973), the occureenf retroflexes was noticed mostly in the Ausrand South Asian
geographical area. Within South Asian languagesvidian languages and some of the Indo Aryan lagesieare
sanctified to have abundant retroflexes which dr@npmic in nature. Shape of tongue has been reportemany studies

during the production of retroflexes and findingsrevinteresting across languages.

Literature showed that some of the south Asianudaggs had apparent cross-language differenceg idetfree
of retroflexion. As per the report of Svarny andelbil (1955), Ladefoged and Bhaskararao (1983giespeakers
produced retroflexes with a low blade/front angbmgistently. Tamil speaker also followed similattgan of tongue
movement where the curling of tongue was relatiebh in Tamil speakers than Telugu. However Hiriddo Aryan
language, had higher angle value indicating lesbnguof tongue. But this trend was similar to Urduhich is another
language from the same language family i.e. IndgaAr The authors concluded that the retroflexefatfigu and Tamil
were similar, and those of the Indo-Aryan languagexli/Urdu, had different articulatory targets,dacorrespondingly
different degrees of retroflexion. Similar to thi3art and Nihalani (1999) confirmed sub-apical palaealization in

Dravidian languages i.e. Malayalam and Toda. Figsliof the study by Sindusha, Irfana, and Sreed2d14) are in
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agreement with the concept of sub-apicality ofaftdx production and reported of contrast among dylalam and
Kannada speakers. Also the area beneath the tavameonstrained when the production of retroflaxesle more acute
angle. Cavity beneath the tongue cavity also vaitedoiced and unvoiced retroflex counterparts ianKada and

Malayalam.

Australian languages also reported of similar potidn of retroflex with the underside of the tongnehe post-
alveolar or prepalatal area of the roof of the rhoiButcher, 1992). However, Anderson (2000) regbttet the lack of
contact on the sides of the tongue indicative abasiderably lower position of the tongue bodyhe tharacteristic of
retroflexes compared to other consonants. Acrosd-veithin-language variation in the exact locatigost-alveolar or
prepalatal) and the type of constriction (apicakob-apical) were noticed in most of the studiedat®égram and X-ray

were the most commonly used methods in these studie

In this similar line of articulatory dynamics, refiexes showed complexity and diversity in theiadulatory
pattern also. More fronting of adjacent vowel, esqley for following vowel was observed in Tamil dHindi (Dixit,
1990; Dixit & Flege, 1991; Krull & Lindblom, 1996)This established that retroflexes were strong ghoto exert
influence on vowels (Tabain, 2009), contrary tc thiesearchers reported that atleast some of tivelsare capable of
influencing retroflexes (Dixit, 1990; Krull & Lindbm, 1996). As per Recasens’ (1997) articulatorpst@int model,
coarticulation of lingual consonants varies as apprty of tongue constriction or closure. This wamfirmed for

retroflexes in Kannada (Kochetov & Sreedevi, 2013).

Concern of the present study was to find the detowy pattern and coarticulation of retroflexes
crosslinguistically. The languages considered vi¢adayalam, Kannada, and Hindi with profuse presesfceetroflex in
their phonemic inventory. Articulatory dynamics kdween studied in many of the world’s languagekuding Dravidian
languages such as Malayalam (Scobbie, Punnooseh&ttab, 2013; Sindusha, Irfana & Sreedevi, 2014nré&da
(Kochetov, & Sreedevi, 2013) and Indo Aryan langyalindi (Svarny & Zvelebil, 1955; Ladefoged & Bhkasarao,
1983; Krull & Lindblom, 1996), but support of relan between articulatory dynamics and coarticufati® lacking in
these languages except Kannada (Kochetov & Sree@6ii3). Each of these studies adapted differerthads and
parameters to analyze the pattern of retroflexesli& of Malayalam and Kannada adapted ultras@uading technique
to explore the articulatory variability of retrofies compared to other consonants, whereas motatiaf siethods such as
X-ray, electropalatography, and MRI were used indili Also, the number of subjects varied acrossarstudies; Scoobie
et al, (2013) considered a single subject studyredweSindusha et al (2014) and Kochetov and Sreé&i#3) considered
10 participants. Unlike Dravidian languages, Indyah languages do not have 3-way retroflex/alvédéantal place
contrast (Masica, 1991), and the preference faradymiost-alveolar realization of retroflexes waseaved by Svarny and
Zvelebil's (1955) and Ladefoged and Bhaskarara83)8r Urdu/Hindi.

METHOD
Participants

A total of 90 speakers in the age range of 20-3rgeith equal number of participants in each efttiree languages,
Malayalam, Kannada and Hindi, served as particpahthe study. All the subjects had a normal omien mechanism

and were free of speech, language, hearing, nagicalp or any other cognitive impediments.
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Material

The test material consisted of VCV sequences wittcaresponding to geminate forms of voiced and e
counterparts of retroflext(/ /d/). The vowels in the VCV stimulus form were higbrit vowel /i/, low central vowel /a/ or

high back vowel /u/. Table 1 depicts the test items

Table 1: Stimuli List of V,CV, Sequences with Retroflexes in the Context of VoweV/1 and V2 (/a, i, u/)

Vowels : Retroflex :
Voiced Unvoiced
Low Central ladda/ /gtal
High Front liddi/ fitti/
High Back fuddu/ Jugu/

The methodology for collecting and analysing ulasd data in this paper was adopted from the posvitudy
by Irfana and Sreedevi (2016). An ultrasound imant works on the reflective principle of sound eswWhen a pulse of
acoustic energy is directed at an object with blétaonductivity, it puts the object into osciltatiand elicits echoes. In an
ultrasound tongue imaging technique, when the sauak travels upward from the probe through thegtenbody, it is
reflected downward from the upper tongue surfate Opper tongue surface interface is typically whig palate bone and
airway, both of which have very different densitiesm the tongue and cause a strong echo. Whesigmal passes
through air or bone, the sound wave is lost an@ctw is passed back to the transducer becausenheativity for the
sound is either too low (bone) or too high (airyd8mann, Ackloo, Heng & lIrish, 2007). This resquitabsence of echo

leads to the formation of ultrasound tongue image.

In the present study, the instrument Mindray Utitasl 6600 was used to obtain the ultrasound toimgages
and the software Articulate Assistant Advanced (AA#rasound module Version 2.14 (Articulate Instent, Wrench &
Scobbie, 2011) was used for the analysis with &hés per second. The instrument was synchronizétetaudio input
with a sample rate of 22,050 Hz. Hardware pulseegdad a tone frequency of 1000 Hz with a beeptiheafj50 ms for an
accurate synchronisation. Some of the parameteMirafray Ultrasound 6600 were set as edge enhantewss set for
3, noise restriction of zero, Smooth and softemwfge functions was set as 2. These default settietped to suppress
the tongue image noise. The transducer, a longkbdmdicroconvex probe, operating at 6.5 MHz, waetl beneath the
chin of the participant with the support of statalion headset (Articulate instrument, Scobbie, Mhe& van der Linden,
2008). Each ultrasound frame was stored by AAAeaysas a set of raw echo-pulse with a depth of 7 faailjtating a

standard two dimensional image. The instrumenipsesed is shown in Figure 1.

Figure 1. Shows Instrument Setup: 1. StabilizatiorHeadset, 2. Transducer Probe, 3. Conduction
Gel, and 4. Ultrasound Instrument (Note: Instrumentin the Phonology Lab, Department of
Speech Language Sciences, All India Institute of 8pch and Hearing, Mysore.
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The ultrasound imaging system provides three madescording including Amplitude (A-Mode), MotioM¢
Mode) and brightness (B-Mode). Present study ciemsd B-Mode since it has wide gray scale whiclphéd visualize
even very small differences in echogenicity in bloeders between different structures includingileayg, bone and layers
of tongue tissue. Grey scale depicts the densithetissue where the solid areas are depictedhite” and the fluid areas
in 'black’. The interface between the tongue amdaih is visible as a bright white band. Figureepidts the midsagittal
ultrasound image of vowel /a/. The midsagittal plas preferentially used in ultrasound imaging fzs image is most
intuitive and can be compared across differentlsgrsa

A1l Ttla Tnstitute RS SHRA SAPTS/RTPS/HTPS / FRIR 2471077014
SSEC10ER 5_0n General

Dpercation prumpl ufumclion

Figure 2: Midsagittal Image of Vowel /a/. The Anteror Tongue is towards the Right Side.
(Note: Tongue Image in Articulate Assistant Advancd, Phonology Lab, Department of
Speech Language Sciences, All India Institute of 8pch and Hearing, Mysore).

Data Recording

Individual participants were made to sit comforyabh a high back chair. They were briefed on ttst peocedure before
the recording and were asked to sip water beferadbording to moisturize the oral cavity for betifrasound images.
The transducer probe placed beneath the chin waarsih with ultrasound transmission g&tjgasonic 10pfor superior
tongue imaging. The probe was fastened by stabdizeneadsetArticulate Assistant Advancetb reduce the artefacts
caused by head movements. For recording the spsoble, a headphonédll i 333) was used. Stimulus list was
presented visually in a grapheme mode on the canpeteen to one participant at a time. 10 repestiof each prompt
were recorded for further analysis. A total of tetances were recorded for each participant tlthtdied ten repetitions of
6 target samples (3 vowel contexts (V1CV1) x 2aféx consonants including voiced and unvoiced ¢eqyrarts = 6 x 10
repetitions = 60). A grand total of 1800 utteran(@& participants x 60 = 1800) were analysed ferdtudy.

Data Analysis

For analysis, the software AAA was used with a tégie ‘fan spline’ which had 42 axes or points.urgg3 depicts 48an
splines embedded on a tongue contour image of viakeSplines are curves defined by a mathemdhicaition that are
constrained to pass through specified points. Fdimes setups were decided for each place of adimi and used
respectively. For dental and retroflex sounds fémespline had to be set more anteriorly, and &dans, more towards the

posterior region. Semiautomatic contour plottingradisagittal view was used in this study.
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REZA/HRAd/APTA/RTPSAHTPS, FRAR  / P0VIR/P015
GSECLUER 5.0, General 1Lz 483225

Figure 3: 42 Fan Splines (White) Embedded on a Tomg Contour Image of Vowel /a/.

Plotted contours were exported to the workspagedasure the coarticulation resistance of consorf@R€). It
is the ability of a consonant to restrict the cicatatory effect of the preceding and/or the followv vowel. CRC
represents CR of consonants in relation to theosading vowels (Zharkova, 2008). It is measurecelation to different
vowels in separate VCV sequences. For examplerdardo obtain CR of the consonant /k/, we neecotasider /k/ in at
least two different vowel contexts such as /akkal &kki/. Similarly there are two more other cométiions, /akka/ -
Jukku/, fikki/- /ukku/. Hence CR of /k/ is calcudat under three circumstances including (/a/-/§/-fu/) and (/i/-/u/) as
shown in Table 2. For each such combination, foMSRdistances which includes preceding vowel to ooast and
following vowel to consonant, needs to be calculafeaking the example of /akka/ and /ikki/, theuiegd RMS distances
for CR of /k/ are /d-/k/, Ik/-I&l, liy/-Ik/ and /k/-/y/ [Figure 4 (a & b)]. Also, the RMS distance betwdhe mean tongue
contour of /k/ in /a/ context and /k/ in /i/ conteneeds to be calculated [Figure 4 (c)]. Simila¥ki three combinations
each are considered for other target consonantseapédctive RMS distances are measured.

Table 2: Example of Tokens and Analysis Pair for Cosonant /k/

Token Analysis Pair Analysis Pair
CRC k(a, i) a-k; k-a i-k; k-i
CRC k(a, u) a-k; k-a u-k; k-u
CRC k(i, u) i-K; K-i u-k; k-u

c
Figure 4: (a) Tongue Contours of /akka/. (b) Tongu€ontours of /ikki/. Preceding Vowel
Indicated as Red Dotted Line, Consonant as Blue SdlLine and Following Vowel as Green
Dashed Line. (c) Tongue Contours of Consonant /khiTwo Vowel Environments: Blue
Solid Line - in the Context of /a/; Blue Dotted Lire - in the Context of /i/.

The RMS distances from the consonant to its sudimgnvowels (M-C and \4-C) are proportionate to the degree
of CR of the consonant, i.e., the degree to whiatet@ins its identity in a VCV sequence. The® and the ¥-C RMS

distances were computed for each of the tokens. iSR&lculated using the formula by Zharkova (20@5Jollows:
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CRCcwi,vpy= (C-V)

(&—Gn)

In the above equation, the numerator “C-V” indisatke averaged value of RMS of both contexts (as $@
Table 2.2, first row: average of a-k, k-a, i-k,)k-The denominator (G+ Cw) was obtained as RMS distance between
tongue contour of C in the context of /a/ to thegiee contour of C in the context of /i/ [examplengue contour of /k/ in

the context of /a/ (/fakka/) - Tongue contour ofitkthe context of /i/ (/ikki/, (Figure 2.4, c)]
RESULTS

Tongue Dynamics

Tongue contour of voiced and unvoiced retroflexesdach language were analyzed separately and eepicfigures 5-7.
As depicted, it varied slightly across vowel comgein all the languages. Following vowel contoudigated in green
dashed line was more towards the retroflexes tharpteceding vowel implies more coarticulation etfaflex to vowel.

Tongue curling was not visible in all the tokenkefle was obvious similarity among the voiced anebiged counterparts

in all three vowel contexts.

/adda/ fiqdi /uddu/

Figure 5: Averaged Tongue Contours of Voiced and Uroiced Retroflexes in Kannada.

Figure 5 explains the tongue dynamics of retroflegeross vowel contexts in Kannada. It indicatedear
pattern of tongue fronting across contexts evenrwheccurred with back vowel /u/ and central voval There was a
clear disparity across voice &nd its unvoiced counterpatdy// when they neighboured with /a/. Raising of tomdtont
was common across vowels. Tongue contour of hightfivowel /i/ and retroflex were mutually influerktén both

preceding and following contexts.

Impact Factor (JCC): 6.0362 NAAS Rating 2.67
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/adda/ /iqdi/ /uddu/

Figure 6: Averaged Tongue Contours of Voiced and Urmiced Retroflexes in Malayalam.

As seen in Kannada, in Malyalam also retroflex eladifferently in /aCa/ context, where tongue froaising
was evident in both cases (Figure 6). However, lEdke tongue was more towards soft palate in imeebretroflex,
whereas tongue front was raised with tongue tifirguin voiced retroflex. Though tongue moved todsfront in vowel
/ul context, height of the tongue was relativelgsleVowels in the following context mimicked therga articulatory

dynamics of retroflexes and not the preceding vewel

/adda’ fiqdi/ /uddu/

Figure 7: Averaged Tongue Contours of Voiced and Uroiced Retroflexes in Hindi.

Hindi speakers showed clear pattern of retrofldduémce in all the vowel contexts as seen in figiré&ven the
vowels in the preceding context was influenceddisoflexes especially vowel /a/. Back vowel /uthi preceding context
deviated away from its articulatory posture and etbtowards the retroflex. Tongue curling was obsérfor 3 out of 6

tokens in Hindi.
Coarticulation Resistance

Descriptive statistics of CRR is depicted in TaBleCRR was high when measured in the context oard/ /u/; it was
evident in both voiced and unvoiced retroflexeasfdanguages. The pattern of coarticulation 1@sist decreased in the
order (/al, Iul) > (/il, lul) > (/al, /). This ftarn was observed in both Malayalam and Kannadaksrs, whereas there
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was a difference between voiced and unvoiced fee$ in Kannada. Further, statistical analysis @asied out since it

was difficult to make a statement about languafgcein coarticulatory resistance of retroflexes.

Table 3: Mean, Median and Standard Deviation (SD) foCoarticulation Resistance of Retroflexes (CRR)

Kannada Malayalam Hindi
Mean | Median SD Mean | Median SD Mean | Median | SD
CRt (a, i) 21.98| 21.23 9.78 | 22.52 19.93 | 11.24| 26.00 | 21.72 | 16.94
CRt (a, u) 43.41| 39.29 | 31.57| 36.01 35.38 | 21.04| 35.11 | 28.09 | 18.55
CRt (i, u) 32.16| 28.68 | 14.88| 34.33 31.04 | 17.34| 32.46 | 20.88 | 24.72
CR({ (a, i) 28.70| 23.21 | 18.42| 26.97 2554 | 12.26| 23.97 | 23.82 | 9.19
CR( (a, u) 53.94| 41.89 | 39.00| 41.51 4150 | 13.32| 35.44 | 27.81 | 34.18
CR(, (i, u) 27.00| 25.17 | 10.04| 32.71 28.27 | 14.05| 28.48 | 30.00 | 16.36

Note: SD-Standard Deviation

Coarticulation Resistance of Retroflex within Langwage

This section analyses the pattern of coarticulatesistance within each language. Kruskal wall itebt was used to
obtain the effect of vowel context on CRR in eaaghguage. As seen in Table 4, CRR was significadiffgrent across
vowel context except for voiced retroflex in HinBiurther, pair wise comparison was administeredgsgVilcoxon signed
rank test, findings demonstrated that there wagrafisant difference when the phonetic contextsev@a/, /u/) and (/a/,
/i) with obvious high coarticulation resistance(ia/, /u/) context. Similarly, other pairs wersakignificantly different

for unvoiced retroflex in Kannada and for voicedrafiex in Malayalam. General observation was, higRR in the

context of (/a/, /ul) followed by (/i/, /u/), anddst for (/a/, /i/). This trend was noticed espbcia the Dravidian languages
i.e. Kannada and Malayalam.

Table 4: Coarticulation Resistance of Retroflexes éross Vowel Pair Context in each Language

(a,u) vs (a, i) (a, u) vs (i, u) (a, i) vs (i, u)
Language r P 1z P 1Z/ p 1Z/ p
Kannada 25.80 | 0.000*** | 4.638| 0.000**4 2.108 0.035¢ 3.322  001*** A
It/ | Malayalam 24.46 | 0.000** | 4.330| 0.000~*A] 0.730 0.465 3.560 00 ,
Hindi 8.867 0.012* 2.993 0.003**1]  0.99 0.318 1.162 0.245
Kannada 18.06 | 0.000** | 4.330| 0.000**] 3.836] 0.000**| 0.257 0.797
/q/ | Malayalam 24.06 | 0.000*** | 4.021| 0.000**1 2.561 0.010~¥| 2804 .am5* *
Hindi 4.867 0.088 -

Note:

*= p<0.05, **= p<0.01, **= p< 0.001, Upwa

downward arrowk ) shows least mean CRC for ticersa pair

rd arrowt( ) shows higher mean CRGémond pair. Conversely,

Effect of voicing was tested using Mann Whitney é&tt within each language. Significant differences wa
observed only for Malayalam. Specifically unvoicedroflex had higher CRC than voiced counterparemvhetroflexes

measured in the vowel pair context of (/a/, /il §fa/, /u/). Z and p values are given in Table 5.

Table 5: Effect of Voicing within each Language

(a, i) (a, u) (i, u)
Language 12/ P 1Z] p 1Z] P
Kannada 1.738 0.082 1.162 0.245 0.895 0.371
Malayalam 2231 | 0.026*4 2.314 0.021#% 0.64§  0.517
Hindi 0.237 0.813 | 0.833 0.405| 0.25Y  0.797

Note: *= p<0.05, Upward arrovw( ) shows higher mean CRQufomiced retroflex.

Impact Factor (JCC): 6.0362

NAAS Rating 2.67
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Coarticulation Resistance of Retroflex across Langages

Friedman test results showed that there was ndfisigmt difference except for CR od//in the context of (a, ujf (2) =

13.27, p =.001] across languages. Further Wilcgxain wise comparison showed that Hindi was sigaifity different

from Malayalam [|Z|= 3.297, p=.001] and Kannadd §2.98, p=.003]. This indicates that Dravidiandaages exhibit
higher coarticulation resistance than an Indo-Arganguage. Dravidian languages showed similar madation resistance
of retroflex specifically ford/ [|Z] = 0.444, p=.657].

DISCUSSION

Tongue contour of retroflexes varied slightly asreswel contexts in all the languages indicatinat tihey were strong
enough to block the influence of neighboring vowea¥reover the articulatory posture of vowels vdrimarginally
especially for vowel /a/ and /u/. This is in agresmwith reports of Dixit (1990), Dixit and Fleg&991) Krull and
Lindblom (1996) and Tabain (2009). Tongue contdndscated anterior movement of tongue tip to madestriction with
lowering of tongue back. Tongue blade was high wotigue tip, but there was dip in between thesedtnactural points.

Subjectively, variations of tongue contours weriglent in Hindi than the two Dravidian languages.

Tongue curling was seldom visible in all the tokesms ultrasound is not competent enough to gehaltongue
tip information (Stone, 1988). This was noticedalhthe three languages. However, individual dapicted better image
of tongue curling than averaged images showingatian across subjects in their production. This barconsidered as
motor equivalence of speech production system tmptiment the output goal as perceptually acceptabteoflex
production in respective languages. Though tonguotirs of both preceding and following vowels wedhienced by the
retroflex, the effect was more on following than thie preceding vowel (Dixit, 1990). This may be d&se of tongue
constraint posture during the production of regwflwhich continues in the same posture for thiedehg vowel. This

can be considered as a carryover effect of retraftethe following vowel in VCV syllable.

Within language, CRR was significantly differentr@gs vowel contexts especially in Malayalam and néala
and it was in the order (/a/, /ul) > (/il, /ul) ka/( /i/). As observed, /a/ and /u/ vowels get higimfluenced, hence
retroflexes were able to resist them maximally andurn influence them. Since /i/ is one of the Hygcoarticulation
resistance vowel (Irfana & Sreedevi, 2016), itds @asy for retroflex to influence vowel /i/, rathieis more of mutually
influenced by each other. Difference of CR acrasigad counterparts explains as a property of deioty dynamics as
observed in Sindush et al (2014) in Malayalam. Hewen Kannada and Hindi, there was not much variain the

articulatory pattern among voiced and unvoicedfktxes.

Across-language comparison proves that Dravidianmguages exhibited higher coarticulation resistatinzmn
Hindi. This is in congruence with previous repatplaining the sub-apicality of retroflexes in Didian languages and
apical production in Hindi (Svarny & Zvelebil, 19595adefoged & Bhaskararao, 1983; Dart & Nihala®i9Q; Sindusha et
al, 2014; Kochetov & Sreedevi, 2013). This competiculatory constriction resists the influencenefirby phonemes and
rather exerts strong influence on them. Henceptbksent study emphases that retroflexes also fetloRecasen’s degree
of articulation constrain model in ther languageshsas Malayalam and Hindi along with Kannada whigs explored
previously by Kochetov and Sreedevi (2013).
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CONCLUSIONS

This study analyzed the articulatory and coartimulapattern of retroflexes across three languagieslings explained the

complexity of retroflexes and coarticulation resiate across vowels. Dravidian languages were sinnlatheir

coarticulation pattern, but they were deviant frétimdi. Explanation of individual data could haveopided better

understanding of tongue curling and this can bdistlacross languages using other physiologicahaast like EMA

along with ultrasound in future. Though the studyeals that retroflexes are strong enough to émBiuence it can be

further explored in a long string of consonants eodels to understand long term coarticulatory etffe

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

Articulate instrument, Scobbie, Wrench & van derdan, (2008).
Articulate Instrument, Wrench A.A. & Scobbie, J(R011).

Anderson, V. B. (2000). Giving weight to phonetim@ples: The case of place of articulation in \Wéza
Arrernte. Ph.D. dissertation, UCLA.

Bhat, D. N. S. (1973). Retroflexion: An areal featiwWorking Papers on Language Universals, 13, Z7—6

Bressman, T., Heng, C. L., & Irish, J. C. (2005ppHcation of 2 dimensional and 3 dimensional Usinand
imaging in Speech Language Pathology. Journal eeSp, Language and audilogy, 29, 158-168.

Butcher, A. (1992). The phonetics of neutralisatiie case of Australian coronals. In J. W. Leved.], Studies

in general and English phonetics. (pp. 10-38). lamdRoutledge.

Dart, S. N., & Nihalani, P. (1999). The articulatioof Malayalam coronal stops and nasals. Journalthef
International Phonetic Association, 29, 129-142.

Dixit, R. P. (1990). Linguotectal contact patteinghe dental and retroflex stops of Hindi. JouroélPhonetics,
18, 189-201.

Dixit, R. P., & Flege, J. (1991). Vowel contextteraand loudness effects of linguopalatal contadtguas in
Hindi retroflex /long-legged t/. Journal of Phorestj 19, 213-229.

Irfana, M & Sreedevi, N (2016). Coarticulatory Aggsion and Direction of Coarticulation:An Ultrasodi

Study. International Journal of Innovative resea&Development, 5 (5). 24-29.

Kochetov, A. & Sreedevi, N. (2013). Vowel coartitaly effect on Kannada retroflex stops. Proceesliofy10th

International Seminar on Speech Production cologaermany.

Krull, D., & Lindblom, B. (1996). Coarticulation impical consonants: Acoustic and articulatory arsaly of
Hindi, Swedish, and Tamil. Quarterly Progress amat® Report, 37, 73—76.

Ladefoged, P., & Bhaskararao, P. (1983). Non-qubatspects of consonant production: a study of rfiso
sounds. Journal of Phonetics, 11, 291-302.

Ladefoged, P., & Bhaskararao, P. (1983). Non-qubatspects of consonant production: a study of rfiso
sounds. Journal of Phonetics, 11, 291-302.

Masica, C. P. (1991). The Indo-Aryan languages. idghge: Cambridge University Press.

Impact Factor (JCC): 6.0362 NAAS Rating 2.67



Cross Linguistic Study of Coarticulatory Resistance of Retroflex 33

16.

17.

18.

19.

20.

21.

22.

Recasens, D., Pallarés, M. D., & Fontdevila, J.9I2 A model of lingual coarticulation based onieutatory

constraints, Journal of Acoustic Society of Amerid@2, 544-561.

Scobbie, James M and Punnoose, Reenu and Khattada32013) Articulating five liquids: a single spxer
ultrasound study of Malayalam. In: Rhotics: New ®and Perspectives. BU Press, Bozen-Bolzano, pft289
ISBN 978-88-6046-055-4

Sindusha, C., Irfana, M., & Sreedevi, N. (2014)o$3linguistic comparison of angle of retroflectiamd area of

retroflection using ultrasound imaging. Proceedimg$-rontiers in Research of Speech and Music, kyso

Stone, M. (2005). A guide to analysing tongue mdfiom ultrasound images. Clinical Linguistics & ¢tetics,
19, 455-501.

Svarny, O., & Zvelebil, K. (1955). Some remarkstlom articulation of the "cerebral" consonants indlan

languages, especially in Tamil. Archiv Orienta28, 374—-407.

Tabain, M. (2009). An EPG study of the alveolar resroflex apical contrast in Central Arrernte. Joal of
Phonetics, 37, 486-501.

Zharkova, N. (2007). Quantification of coarticulatoeffects in several Scottish English phonemesgusi

ultrasound, a workshop on ultrasound imaging inesgreresearch), 28-29.

www.iaset.us editor @ aset.us






