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GLOTTAL STOP IN TELUGU CLEFT PALATE SPEECH:  

AN ACOUSTIC ANALYSIS
1 

KOTHALANKA INDIRA 

Abstract 
This paper presents acoustic characteristics of glottal stop [] in Telugu cleft palate speech. 

Individuals born with a cleft lip and/or palate (CLP) cannot achieve adequate velopharyngeal 

closure (i.e. the soft palate does not extend enough to close the nasal cavity), which is necessary 

for the articulation of many speech sounds. As a result, they are not able to maintain the 

necessary intra-oral pressure for the articulation of obstruents, and develop certain other 

articulations in an attempt to compensate for their inability to produce the target phonemes. Such 

articulations will remain even after surgical correction of the palate as they become part of a 

speaker’s phonetic repertoire. Glottal articulations such as glottal stop, glottal fricative and 

glottal reinforcement are such alternative/compensatory articulations. Of these, glottal stop is the 

most frequently occurring compensatory articulation in Telugu cleft palate speech. The data 

consisted of 28 single words, 14 short sentences and connected speech obtained from 17 (eight 

females and nine males  in the age group of 9 -16 years) native Telugu speakers with a repaired 

cleft lip and palate. The acoustic characteristics were studied on wideband spectrograms using 

PRAAT. The results showed that [] substitution for target obstruents occurs more frequently in 

word-medial position. Further, [] substitution occurs for not only plosives but also affricates 

and fricatives. The acoustic analysis of [] showed that it has various forms and its acoustic 

manifestation differs from speaker to speaker depending on their voice quality and the context in 

which it occurs. 
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1 Introduction 
Cleft lip and/or palate is a congenital structural deformity in which there is an opening in the 

upper lip and/or the palate.  For individuals born with a cleft lip and/or palate (hereafter CLP), 

there is no separation between the nasal cavity and the oral cavity, due to which they cannot 

build up enough air pressure in the mouth for speech. Therefore, it is common for them to have 

speech problems. Common cleft type  speech errors include  abnormal articulation 

(compensatory or obligatory) and abnormal resonance (hyper, hypo and mixed nasality). These 

are generally resolved after palate repair. However, in some individuals, articulation problems 

do persist even after the palate repair. Such individuals develop variant articulations in an 

attempt to compensate for the inability to produce the target phonemes. Inadequate intra-oral 

pressure is compensated by moving the location/articulation of oral sounds posterior in the 

vocal tract where there is a greater amount of air pressure. Glottal stop is one such 

compensatory articulation frequently observed in cleft palate speech. The aim of this paper is to 

present an analysis of glottal stop in Telugu cleft palate (hereafter TCP) speech and describe its 

acoustic characteristics based on spectrograms. Telugu is a Dravidian language. It is the official 

language of Andhra Pradesh and Telangana. 
 

2 Methodology 
 

2.1 Subjects and test material 
The subjects taken for the study were  17 Telugu speaking individuals, eight girls and nine 

boys in the age group of 9 and 16, with a repaired cleft lip and palate. The subjects were 

grouped into three on the basis of the type of cleft: UCLP (unilateral cleft lip and palate), 

BCLP (bilateral cleft lip and palate), or CPO (cleft palate only). Subjects 1 to 8 belonged to 

UCLP group, 9 to 15 to BCLP group, and 16  to 17 to CPO group. 
 

A specifically devised test material (based on the recommendations of Henningsson et al. 

2008) which consists of 28 single words and 14 short sentences was used. In addition to this, 

natural speech was elicited through conversation/picture description task. 14 obstruents (8 

plosives, 2 affricates, and 4 fricatives) were considered as the target consonants as they are the 

most vulnerable speech sounds. The target obstruents are listed in Table 1. 
 

Table 1. Target obstruents. 

 Bilabial Dental Alveolar Alveo-

palatal 

Retroflex Velar Glottal 

Plosives                                        

Affricates                

Fricatives     ʂ   

 

For each target consonant, two words were listed, with the target consonant occurring in the 

word-initial (WI) and word-medial (WM) positions. Nasal consonants or consonant clusters 

were not included. 

 

2.2 Analysis of the data 
The data was analysed by employing a combination of perceptual and acoustic analysis. The 

speech was transcribed phonetically using IPA (2015), ExtIPA, and VoQS symbols (2008). 

Based on the transcription, the divergent patterns were identified and their acoustic 

characteristics were studied on wideband spectrograms using PRAAT (version 5.5.04). The 
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frequency range was set between 0 to 5,000 Hz. The duration of window length was set as 

0.005 seconds to obtain wideband spectrograms. 
 

3 Glottal stop in Telugu cleft palate speech 
A glottal stop [] is a sound made by the adduction (pressing together) of the vocal cords for 

a brief period which completely blocks the flow of air from lungs. When the air pressure 

blocked below the glottis is released by the sudden separation of the vocal cords, a plosive like 

sound is made. It is the most frequently occurring compensatory articulation in Telugu cleft 

palate speech with 15 out of 17 subjects exhibiting it. This indicates that the subjects of all 

cleft-types, i.e. UCLP, BCLP, and CPO adopt [ ] to compensate their inability to articulate the 

target obstruents. [] substitution for target obstruents occurs in word initial (hereafter WI) 

and word medial (hereafter WM) intervocalic positions. However, it occurs more frequently in 

WM position. [] is a non-native sound used by Telugu cleft palate speakers as a substitution 

for target plosives, affricates, and fricatives. The analysis of [] in TCP speech is presented 

below in two contexts: [] substitution in WI position and [] substitution in WM position 

(intervocalic position). 
 

3.1 [] Substitution in WI position 

[] in WI position occurs in the speech of three subjects: S1, S9, and S17, as a substitution 

for the target voiceless plosives //, //, and //. A few examples are given below: 

   

E.g.:  [̃̃]  for  //  ‘tiger’ 

  [̃:̃:] for /:/  ‘TV’ 

  [:]  for /:/  ‘curry’ 

 
 
 

With reference to the acoustic characteristics, [] in WI position lacks the burst generally 

associated with the release of oral plosives. The closure stage of [] (i.e., the adduction of the 

vocal cords for a brief period) is manifested as a blank space in the spectrogram (see Fig. 1). 

Another remarkable feature identified is the manifestation of the following vowel. The waveform 

of the following vowel reaches its full intensity immediately after [] (shown in circles in the 

waveform in Figure 1). This is due to the abrupt vibration of the vocal cords with increased 

intensity after the sudden release of []. 
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Figure 1. Spectrograms of [ ̃:] from the word [ ̃: ̃:] (/::/ ‘TV’) of S1 and S17 illustrating [] in WI 

position. 

 

Further, it was also observed that vowels adjacent to glottal stop do not exhibit any marked 

formant transitions. 
 

3.2 [] Substitution in WM (intervocalic) position 

In WM position, not only plosives //, //, //, //, and //, but also affricates // and //, and 

fricatives /s/, //, and /ʂ/ were substituted with []. It was observed that [] substitution mainly 

affects the voiceless targets, and among the voiced targets only // and //.  It is a known factor 

that cleft palate speakers find it more difficult to articulate voiceless consonants when compared 

to voiced consonants, as the former requires more energy and greater muscular force than the 

latter.  Further, out of all these affected targets, the most affected is the voiceless velar plosive 

//.  All the fifteen subjects who exhibited [] as a compensatory articulation in their speech, 

substituted velar // with a [].  Therefore, it is concluded that // is the most vulnerable 

obstruent for [] substitution in TCP speech.  A few examples are given below: 

 

E.g.:   [̃ ̃:]  for  // ‘mattress’ 

  [:̃:]  for /:/ ‘monkey’ 

  [ ̃:]  for // ‘one’ 
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The acoustic analysis of [] in WM position showed that [] in TCP speech has three variant 

forms.  
  

a) [] with closure duration and low-intensity voicing. 

b) [] with closure duration, low-intensity voicing, and presence of creaky 

phonation in the adjacent vowels. 

c)  [ ] with complete creaky phonation. 

 

Each of these is described below with relevant spectrograms. 
 

a) [] with closure duration and low-intensity voicing 

This is the most common form of [] observed in TCP speech. In most of the cases, the 

spectrograms of [] in intervocalic position displayed closure duration which is filled with 

low-intensity voicing.  These features are illustrated through the following spectrograms of 

:(/:/ ‘leaf’) (of S5 and S9) in which target // is substituted by []. 

 

 
          :                   :                                         
 

Figure 2. Spectrograms of the word: (:(/:/ ‘leaf’) of S5 and S9 illustrating closure duration 

and low-intensity voicing of [] in intervocalic position. 

 
 

Auditorily, when [] occurs in the intervocalic position, it is perceived as a pause in a word. 

This is acoustically displayed as a ‘gap’ between vowels in both the waveform and the 

spectrogram, which is due to the adduction of vocal cords for [].  However, spectrograms 

also reveal a very low-intensity vibration in the glottal segment of the waveform which is 

matched by the corresponding vertical striations in the spectrogram. Thus, though [] is a 

voiceless sound, there is evidence indicating a little voicing in the intervocalic position. May 

be these speakers are unable to retain the necessary tension in the vocal cords and/or the 

glottis is not completely closed. This signals a need for further investigation of the vocal cord 

movements during the articulation of intervocalic [] in cleft palate speech. 
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b) [ ] with closure duration, low-intensity voicing, and presence of creaky phonation in 

the adjacent vowels 

This form of glottal stop with the presence of creaky phonation in the adjacent vowels was 

observed in the speech of S1, S4, S7, S10, S12, and S15. This is illustrated in the 

following spectrogram of the word: (: (/:/ ‘leaf’) of S10 (compare this with Figure 

2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

  
 
 

     :             
Figure 3. Spectrogram: (/:/ ‘leaf’) of S10 illustrating [] substitution in 

intervocalic position with creaky phonation in the adjacent vowels. 

 
 

In creaky phonation (a non-modal phonation, also known as ‘vocal fry’), the posterior 

portions of the vocal cords, i.e., the arytenoid cartilages, are drawn together making the 

vocal cords thicker allowing the anterior portions to vibrate (Ladefoged, 1971: 14-15). 

Acoustically, it is characterized by irregularly spaced glottal pulses and reduced acoustic 

intensity (Gordon, 2001), which are evident in the above figure. Apart from closure 

duration and voicing, the presence of creaky phonation is visible in the adjacent vowels in 

the form of irregular glottal pulses (shown with boxes in the figure). In the waveform, they 

appear as irregularly spaced glottal pulses with reduced intensity, and in the spectrogram, 

they are seen as dark vertical striations which are irregular and lower pitched.
2   

 

 

c) [] with complete creaky phonation 

In certain cases, [] appears as a form of complete creaky phonation.  Perceptually, it is heard 

as a normal glottal stop (a ‘gap’ between the vowels); however, it is acoustically manifested 

as irregularly spaced glottal pulses (shown with arrows in Figures 4 and 5) indicating a lack 

of complete closure of vocal cords.  This is especially observed in connected speech (at the 

                                                           
2
 In the preceding vowel, we see a transition from modal phonation to creaky phonation, and in the 

following vowel, from creaky phonation to modal phonation.
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sentence level): in S2, in the word [̃̃] (// ‘to the temple’), in S12, S14, and 

S15 in the word:] (/:/ ‘person’s name’), and in S9 and S15, in the word 

[̃] (// ‘taste’).  The spectrograms of [̃] (// ‘taste’) of S15 and :̃] 

from the word: ̃] (/:/ ‘person’s name’) of  S14 are given below. 

.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          ̃ 

Figure 4. Spectrogram of [ ̃] from the word [ ̃] (// ‘taste’) of S15 illustrating creaky form of []. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 

     :                                                     ̃ 

Figure 5. Spectrogram of : ̃] from the word :] (/:/ ‘person’s name’) of  S14 illustrating 

creaky form of []. 

 

4 Conclusion 

Glottal stop is the most frequently occurring compensatory articulation in Telugu cleft 

palate speech with 15 out of 17 subjects exhibiting it. This indicates that the subjects of all 

cleft-types, i.e., UCLP, BCLP, and CPO, adopt [] to compensate their inability to 

articulate target obstruents. However, the targets affected varied from subject to subject.  
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[] substitution for target obstruents occurs more frequently in  WM position. Further, [] 

substitution occurs for not only plosives but also affricates and fricatives. The acoustic 

analysis of [] (in intervocalic position) revealed that it has various forms, and its acoustic 

manifestation differs from speaker to speaker depending on their voice quality and the 

context in which it occurs. 
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