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ABSTRACT

Palatometry was used to obtain measures on certain production
parameters of the coronal consonants /t/, /S/ and /tS/ of Hindi.
Results show that the average area of tongue-palate contact was
considerably greater for the stop part of the affricate than for the
stop. However, the anterior-posterior (A-P) length of the central
constriction was much narrower for the stop part of the affricate
than for the stop. Some overlap in the A-P location (place) of the
central constriction between the stop and the stop part of the
affricate was observed. The central constriction for the stop part
of the affricate was formed in the prealveolar zone, whereas for
the stop it was formed in the dental zone and a part of the
prealveolar zone. On average, the area of tongue-palate contact
was also somewhat greater for the fricative part of the affricate
than for the fricative. However, the side-to-side (S-S) width of
the groove and the A-P location of the groove center were the
same for both the fricative /S/ and the fricative part of /tS/.

1. INTRODUCTION
During the last seventy years, only a few researchers have
reported some palatographic data on the consonants of Hindi and
Hindustani (a colloquial variety of Hindi-Urdu). Qadri [1] and
Svarny & Zvelebil [2] presented conventional palatograms on the
consonants of Hindustani in their studies. Recently, Dixit [3] and
Dixit & Flege [4] have reported a limited amount of
electropalatographic data on a few selected consonants of Hindi.
The primary concern in the first two studies was the
determination of the place of articulation of the consonants and to
a certain extent the part or parts of the tongue involved in their
production. In the latter two studies, most of the data were on the
tongue-palate contact patterns and on the area of contact in terms
of the number of contacted sensors. The area of tongue-palate
contact is only one out of several other production parameters of
consonants. Numerical data on various production parameters of
almost all Hindi consonants are lacking. Since, the available
space for this paper is limited, numerical data on various
production parameters of only /t/, /S/ and /tS/ will be reported.
The focus will be on such production parameters of these
consonants as the area of tongue-palate contact, anterior-posterior
(A-P) location (place) of the central constriction and A-P length
of the central constriction for the stop /t/ and the stop part of /tS/.
For the fricative /S/ and the fricative part of /tS/, the focus will be
on the area of tongue-palate contact, A-P location of the groove
center and side-to-side (S-S) width of the groove. Similarities and
dissimilarities in the indicated production parameters of the stop
and the stop part of the affricate, and of the fricative and the
fricative part of the affricate will also be examined and discussed.

2. METHOD
The subject for this investigation was an adult male native
speaker of Hindi with normal speech and hearing.

The speech samples consisted of bisyllabic nonsense words
of the form /bi-ib/, /bu-ub/ and /ba-ab/ where /t/, /S/ and /tS/
occurred in the symmetrical vocalic context before a stressed
vowel. The words were embedded in a carrier sentence /didi-
lidZIje/ “Elder sister – (please) take”.

A custom made palatometer (electropalatograph) containing
96 sensors arranged from front-to-back in 11 rows with a 2x2
mm grid pattern was used. Of the 96 sensors, 91 sensors were
located in the prealveolar (the anterior part of the alveolar ridge)
and postalveolar (the posterior part of the alveolar ridge) zones, 2
sensors were located in the dental zone and the remaining 3
sensors were located in the prepalatal (the anterior part of the
hard palate) zone.

The palatometer was made of a thin (0.3 mm) acrylic sheet
that had been vacuum-molded onto a stone cast of the hard
palate, alveolar ridge and maxillary teeth of the subject. The
sensors were small (less than 0.5 mm in diameter) gold-plated
beads that were heat-formed on the end of 32-gauge wires. The
beads were embedded in the oral surface of the palatometer. A
27.8 kHz common signal current, limited to 100 µA, was applied
to the subject’s wrist by means of a surface electrode. The tongue
contact with the sensors completed the circuit. All sensors were
calibrated before data collection began.

Front-to-back location of sensor rows in relation to the
maxillary teeth of the subject is shown in Figure 1. Row 1 is
located in the dental zone about 5 mm above and behind the
edges of the central maxillary incisor teeth. Row 2 coincides with
the lateral incisor line which forms the boundary between the
dental zone and the prealveolar zone. Rows 3, 4 and 5 are located
in the prealveolar zone. Row 6 coincides with the canine line
which forms the boundary between the prealveolar zone and the
postalveolar zone. Rows 7, 8 and 9 are located in the postalveolar
zone. Row 10 coincides with the first premolar (bicuspid) line
which separates the postalveolar zone from the prepalatal zone.
Row 11 is located in the prepalatal zone about 25 mm above and
behind the edges of the central maxillary incisor teeth.

During the recording session, the subject was seated in a
sound-treated room. He was allowed 15 minutes to adapt to the
palatometer after it was positioned in his mouth. He practiced test
sentences during this time. For data collection, the subject
repeated the test sentences 10 times in a random order. The
contact data from 96 sensors and the acoustic data from a 32
channel filter bank were stored on a disc at 100 Hz sampling rate.
A 10 ms sampling interval, which had the largest number of
contacted sensors, was selected for analysis from each token of
the consonants. Recording and analysis systems described in
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detail in Fletcher, McCutcheon & Wolf [5] and McCutcheon,
Smith, Kimble & Fletcher [6] were used.

An unbroken string or loop of contacted lateral and central
sensors was considered to form a complete constriction for the
stop and the stop part of the affricate. Anterior-posterior location
and length of the central constriction were determined by visual
examination of the tongue-palate contact patterns shown in
Figure 1. Quantitative measures of the A-P length of the central
constriction for the stop /t/ were obtained by adding 5 mm – the
distance between the edges of the central maxillary incisors and
the first row of sensors – to the measures taken from the most
anterior row of sensors to the most posterior row of sensors, that
were contacted. During the production of the stop /t/, entire
dental zone was contacted as illustrated in a conventional
palatogram in Dixit [3]. The measures of the A-P length of the
central constriction for the stop part of the affricate /tS/ were
taken from the most anterior row of sensors contacted to the most
posterior row of sensors contacted. The A-P length of the central
constriction was calculated by multiplying the number of
contacted sensor rows by 2 mm, the inter-row distance.

The A-P location of the groove center and S-S width of the
groove for the fricative /S/ and the fricative part of the affricate
/tS/ were also determined from the visual examination of the
tongue-palate contact patterns shown in Figure 1. As expected, in
both the fricative and the fricative part of the affricate the central
constriction was incomplete. Quantitative measures of the A-P
location of the groove center were obtained by adding 5 mm – the
distance between the edges of the central maxillary incisors and
the first row of sensors – to the measures taken from the first row
of sensors to the narrowest point in the channel of air stream. The
measures of the S-S width of the groove were calculated by
multiplying the number of uncontacted sensors at the narrowest
point of the air channel by 2 mm, the inter-sensor distance.

3. RESULTS AND DISCUSSION
Figure 1 illustrates the tongue-palate contact patterns obtained
during the stop /t/, the stop part of the affricate /tS/, the fricative
/S/ and the fricative part of /tS/ in the columns 1,2,3 and 4,
respectively. The unfilled circles with a dot within represent the
sensors that were contacted in 80% or more of the tokens and the
dots represent the sensors that were contacted less often or not at
all. Such contact patterns as shown in this figure were used to
take measures of various production parameters of the above
consonants. The values of measures are presented in Table 1.

As shown in the figure and the table, the average area of
tongue-palate contact, in terms of the number of contacted
sensors, was considerably greater for the stop part of /tS/ than for
the stop /t/. It was 71 sensors for the former and 53 sensors for
the latter, a difference of 18 sensors. These findings, in general,
confirm the finding on similar English consonants reported in
Fletcher [7]. However the difference in the area of contact
between the stop and the stop part of the affricate was relatively
small in his study.

The area of tongue-palate contact was also greater for the
fricative part of /tS/ than that for the fricative /S/. It was 33
sensors for the former and 30 sensors for the latter, a difference
of 3 sensors. Whether there was any difference in the area of
contact between the fricative part of the affricate and the fricative

is not stated in Fletcher’s study. However, from the palatograms
in his study, the area of contact for the fricative part of the
affricate and the fricative appears to be about the same.

The differences in the area of tongue-palate contact
observed between the stop /t/ and the stop part of /tS/ can be
explained in terms of the geometry of the palate and the dorsum
of the tongue. The area of both the palate and the tongue dorsum
progressively increases from the front to the back of the  mouth.
In consonance with the above, the number of sensors on the
palatometer also increases from the front to the back. As shown
in Figure 1, most of the sensors on the palatometer, used for this
study, were located in the prealveolar and the postalveolar zones.
Since /t/ was produced in the dental zone and a small anterior part
of the prealveolar zone by the tongue tip and a small anterior part
of the tongue blade, and the stop part of /tS/  was produced in the
entire prealveolar zone by the blade of the tongue, hence the
contact area was greater for the stop part of /tS/ than for the stop
/t/. This difference in the contact area is quite apparent in their
lateral contact in Figure 1. The difference in the contact area
between the fricative part of /tS/ and the fricative seems to be the
effect of the stop part of /tS/ on the fricative part of /tS/.

Further, the area of contact for the stop part of /tS/ and the
stop /t/ was also greater than the fricative part of /tS/ and the
fricative /S/. This difference in the contact area is, obviously, the
consequence of complete constriction for the stop /t/ and the stop
part of /tS/ vis-à-vis incomplete constriction for the fricative /S/
and the fricative part of /tS/. Similar observation was earlier
made by Fletcher [7] with respect to the area of contact in the
stop and the stop part  of the affricate versus the fricative and the
fricative part of the affricate in English.

The effect of vowel context on the area of contact for the
stop and the stop part of the affricate was not the same. The area
of contact for the stop part of /tS/ was greater in the high vowel
context than in the low vowel context. The inverse was true with
respect to the area of contact for the stop /t/ where it was greater
in the low vowel context than in the high vowel context. In
Fletcher’s [7] study, however, the vowel context had the similar
effect on the area of contact for the stop /t/ and the stop part of
/tS/. This was also true with respect to the area of contact in the
fricative /S/ and the fricative part of /tS/ in his study. In the
present study, however, the area of contact for the fricative /S/
and the fricative part of /tS/ was greater in the context of /i/ and
/a/ than in the context of /u/. The effects of the vowel context on
the area of contact for the investigated consonants, except for the
stop part of /tS/, in the present study cannot be explained in terms
of the tongue height for the preceding and succeeding vowel
context of the consonants.

The A-P location of the central constriction for /t/ extended
from the edges of the central maxillary incisors (as illustrated in a
conventional palatogram in Dixit [3]) to the third or fourth row of
sensors. Whereas, it extended for the stop part of /tS/ from the
second to the fourth or fifth row of sensor. Consequently, the A-P
length of the central constriction was 10 mm for /t/ and 7 mm for
the stop part of /tS/, a difference of  3 mm. Clearly, the A-P
length of the central constriction for /t/ was greater than that for
the stop part of /tS/. The subject of this study produce /t/ as a
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dentiprealveolar stop and /tS/ as a prealveolar affricate, hence the
above differences in the location and the A-P length of the central
constriction of these sounds. There are no non-retroflex stops in
Hindi. Similar differences in the location of English stop /t/ and
the stop part of /tS/ were reported by Fletcher [7]. However, there
was no data on the A-P length of the central constriction for these
consonants in his study. The effect of the vowel context on the A-
P location and length of the central constriction for /t/ and stop
part of /tS/ was similar to that observed in the area of contact for
them in this study.

It should be noted that the A-P location (place) of /t/ in the
present study and in Qadri [1] and Svarny & Zvelebil [2] is very
similar. It is dentialveolar or dentoalveolar in these studies.
However, traditionally /t/ is described as purely a dental stop
[Sharma, 8]. The stop part of /tS/ in the present study is
prealveolar. Whereas, it is alveolar in Qadri and alveolar to
prepalatal in Svarny & Zvelebil. /S/ in the present study is a
prealveolar fricative. Whereas, in Qadri it is prepalatal, in Svarny
& Zvelebil prepalatal to palatal, and in Sharma palatal. The
fricative part of /tS/ is formed in the places corresponding to the
places of production of /S/ in Dixit [3], Qadri [1] and Svarny &
Zvelebil [2]. However according to Sharma’s [8] description of
/tS/, both the stop and the fricative parts of /tS/ are formed in the
palatal area.

The S-S  width of the groove and the A-P location of the
groove center were the same for both the fricative /S/ and the
fricative part of /tS/. The groove width was 11 mm and the
location of the groove center was 14 mm above and behind the
edges of the central maxillary incisors. However, the location of
the groove for the fricative part and the location of the central
constriction for the stop part of /tS/ did not coincide, they only
partially overlapped. Like this study, the groove width and
location were the same for the fricative /S/ and the fricative part
of /tS/ in Fletcher’s study. Contrary to the results of this study
however, constriction for the stop part if /tS/ was formed at a
location that coincided with the location of the fricative part of
/tS/.

4. CONCLUSIONS
The A-P locations of the stop /t/ and the stop part of the affricate
/tS/ partially overlapped, but did not coincide. The A-P locations
of the stop part and the fricative part of the affricate also partially
overlapped, but did not coincide. The A-P locations of the
fricative /S/ and the fricative part of /tS/ were identical. Both
resisted coarticulatory effects of their phonetic contest. The A-P
location of the stop (a dentiprealveolar consonant) also resisted
the coarticulatory effects of its phonetic context.
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Figure 1. Tongue-palate contact patterns

A. Stop /t/ and stop part of /tS/

Context Area A-P Location (place) of the A-P Length of the
Contacted Central Constriction Central Constriction

/t/    X Maxillary central incisors’ edges to  X
/i-i/    47 3rd row of sensors  9 mm
/u-u/    48 3rd row of sensors  9 mm
/a-a/    63 4th row of sensors        11 mm
Group X    53 ______________             10 mm
/tS/
/i-i/   74 2nd to 5th row of sensors   8 mm
/u-u/    70 2nd to 5th row of sensors   8 mm
/a-a/    68 2nd to 4th row of sensors    6 mm
Group X    71    7 mm

B. Fricative /S/ and fricative part of /tS/

Context Area A-P Location (place) of the S-S Width of the
Contacted Groove Center Groove

/S/    X Above maxillary central incisors’ edges  X
/i-i/    32 14 mm        12 mm
/u-u/    26 15 mm        12 mm
/a-a/    32 14 mm        10 mm
Group X    30 14 mm        11 mm
/tS/
/i-i/   38 14 mm         10 mm
/u-u/    30 15 mm         12 mm
/a-a/    31 13 mm          12 mm
Group X    33 14 mm        11 mm

Table 1. Palatometric measures
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