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Abstract 

Hindko is an Indo-Aryan language that is mainly spoken in Khyber Pukhtoonkhaw province of 

Pakistan. This work aims to identify the oral stops of Hindko and determine the intrinsic 

acoustic cues for them. The phonemic analysis is done with the help of minimal pairs and 

phoneme distribution in contrastive environments which reveals that Hindko has twelve oral 

stops with three way series. The acoustic analysis of these segments shows that intrinsically 

voice onset time (VOT), closure duration and burst are reliable and distinguishing cues of stops 

in Hindko. 

Keywords: Hindko oral stops; phonemic analysis; acoustic analysis; VOT; closure duration; 

burst 

Povzetek 

Hindko je indo-ajranski jezik, ki se večinoma govori v provinci Khyber Pukhtoonkhaw v 

Pakistanu. Namen raziskave je opredeliti ustne zapornike Hindka in določiti njihove akustične 

značilnosti. Fonemska analiza temelji na minimalnih parih in distribuciji fonemov v 

kontrastivnih okoljih. Iz rezultatov analize je razvidno, da ima Hindko dvanajst ustnih 

zapornikov v treh serijah. Akustična analiza teh segmentov je pokazala, da so v Hindku VOT, 

trajanje zapore in odpora zanesljivi in razločevalni ključi zapornikov.  

Ključne besede: ustni zaporniki v Hindku; fonemska analiza; akustična analiza; VOT; trajanje 

zapore; odpora 
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1. Introduction 

Hindko belongs to the Indo-Aryan family of languages which has several dialects 

on a regional basis (Lothers & Lothers, 2010). Hazara dialect is one of its main dialects 

that is spoken in Hazara division; Khyber Pukhtonkhawa province of Pakistan. The 

majority of Hindko speakers live in this area (Haroon & Sohail, 2011). 

Maddieson (1994) provides a survey of 562 languages which exhibits that the 

range of consonant inventories extends from a minimum of 6 consonants to a 

maximum of 122. Rotokas, spoken in Papua New Guinea, consists of only six 

consonants. While !Xoo, spoken in Botsowana has 122 consonants. Typically, 

consonant inventories size is in low twenties, i-e. 22 (±3). Such inventories have been 

categorized as average. The rest are categorized as small (from 6 to 14), moderately 

large (26-33), and large (34 or more consonants). Hindko has a moderately large 

consonant inventory. 

Thirty consonants are identified in Hindko using minimal pairs as given below: 

 

Table 1: Minimal Pairs of Consonants 

cons. example meaning example meaning 

p pɑ 250 grams pʰɑ gallows 

pʰ pʰəkk swallow pəkk get coocked 

b bɑl hairs pɑl brimg up 

t̪ t̪ɑl clean t̪ʰɑl big plate 

t̪ʰ t̪ʰəkk get tired t̪əkk target 

d̪ d̪ əll grind t̪əll roast 

t təkk target tʰəkk touch 

tʰ tʰok wholesale tok interruption 

d dɪll compact piece of mud tɪll power 

k kəmm work kʰəmm wing 

kʰ kʰʊll open kʊll a type of prayer 

g gəll talk kəll tomorrow 

m məkk maize nəkk nose 

n nũ daughter in law mũ face 

ŋ məŋ beg mənn  40 kilo 

f fɑrəkk difference vɑrəkk page 

v vɑkət̪t̪ time fɑkət̪t̪ only 



 A Phonemic and Acoustic Analysis of Hindko Oral Stops 11 

cons. example meaning example meaning 

s sovɑl question zovɑl dusk 

z zəd̪ d̪ reach səd̪ d̪ call 

ʃ ʃəll freeze səll make hole 

x xəmm curve ɤəmm sorrow  

ɤ ɤɑlɑf cover xɑlɑf against 

ɦ ɦɑlət̪t̪ condition ɤɑlət̪t̪ wrong 

tʃ tʃəmm skin tʃʰəmm make thin 

tʃʰ tʃʰɑl jump tʃɑl move 

dʒ dʒʊtt get busy tʃʊtt lazy 

l lət̪t̪ leg rət̪t̪ blood 

r roɽ roll ɽoɽ small stone 

ɽ bɑɽ enter bɑr turn 

j jəkk idiot ʃəkk doubt 

 

The table given below shows the summary of Hindko consonants. 

 

Table 2: Hindko Consonant Phonemes 

 Bilabial Labiod. Dental Alveolar Retroflex Palatal Velar Glottal 

Stops 
p b   t̪̪ ̪̪ d̪ ̪ t d     k g   

pʰ    t̪̪ ʰ  tʰ      kʰ    

Nasals  m      n      ŋ   

Fricatives   f v   s z   ʃ  x ɤ  ɦ 

Affricates 
          tʃ dʒ     

          tʃʰ      

Lateral        l         

Trill        r         

Flap          ɽ       

Glides            j     

 

 

In order to establish oral stops of Hindko, the phonemic analysis, besides the 

minimal pairs given above in Table 1, includes voicing and aspiration contrast and 

word-level distribution of phonemes in initial, medial and end position. The next 



12 Haroon Ur RASHID, Raja Nasim AKHTAR  

section describes the acoustic cues for plosives. It begins with the relevant literature on 

acoustic cues with a purpose to provide a foundation for the study. Then, the 

methodology is stated.  In addition, this section also reflects the results of the study and 

states the intrinsic acoustic cues of Hindko stops. Mainly, the focus is on VOT, closure 

duration and burst. 

2. Phonemic analysis 

The phonemic analysis of Hindko oral stops is presented on the bases of voicing 

and aspiration distribution contrasts and word level distribution at initial, medial and 

end positions. This section offers the outcome of the analysis. 

 

2.1 Phonemes Distribution 

Following tables offer illustrations for stops in Hindko on the basis of voicing and 

aspiration contrasts. Table 5 exhibits equal distribution-word initial, medial and final 

positions. 

 

Table 3: Voicing Contrast 

contrast example meaning example meaning 

p vs. b 

pɑr other side bətt knitt 

kʰəppɑ gap  kʰəbbɑ lefty 

nɑp  measure tʃob pain 

t̪ vs. d̪ 

t̪ɑr make swim d̪ɑr flow 

kɑt̪ɑ ̃ big scissors lɑd̪o grass on a tree 

mɑt̪ defeat kɑmɑd̪  a kind of rice 

t vs. d 

təkk patch  dʊll fall 

bɑtɑ strong dɑdɑ dominating 

dɑt charm kʰʊdd corner 

k vs. g 

kɑl scarcity gɑl melt 

kɑkɑ uncle d̪egtʃi  small pot 

t̪ɑk locate pʰɑg fig 
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Table 4: Aspiration Contrast 

contrast example meaning example meaning 

p vs. pʰ 

pod̪ generation pʰer turn 

tʃəppɑ one fourth of bread dʒəpʰpʰɑ embrace 

NA - NA - 

t̪ vs. t̪ʰ 

t̪əpp become furious t̪ʰəp paste 

gʊt̪ʰt̪ʰɑ bag bət̪ʰt̪ʰəl end part of a field 

sɑt̪ seven  nət̪ʰt̪ʰ entangle 

t vs. tʰ 

təkk patch tʰəkk pure 

gitɑ small stone gɪtʰtʰɑ small 

mɪtt reconcile gɪtʰtʰ six inche 

k vs. kʰ 

kətrot lamb kʰərrɑ upright 

bəksi small box bəkʰkʰi  side 

əkk irritated bʊkʰkʰ hunger 

 

Table 5: Word level distribution of stop phonemes 

 Initial  Medial  Final  

p pɑr other side tɑpo 
name of a box 

in a game tʃəpp closed shut 

pʰ pʰənd an animal pʰupʰerɑ cousin NA - 

b boti bride ɑblɑ pimple tʃəbb chew 

t̪ t̪ɑɽɪbɽɪ cucunber pʰɪt̪ni a wild plant bɑt̪ a dish 

t̪ʰ t̪ʰæli bag bɪt̪ʰt̪ʰəl nursury bɪt̪ʰt̪ʰ groove 

d̪ d̪ɑ̃d̪ ox dʒ ənd̪rɑ lock mɑ̃d ̪ dim 

t tɑki mop bɑti strong d̪ɑrɑt sickle 

tʰ tʰok set dɪtʰtʰɑ saw gətʰtʰ knot 

d dəll stove side udɑri  flight ʊdd fly 

k kʊtt beat bəksɑ box bəkk say (negative) 

kʰ kʰoɽ walnut kʰokʰɑ  shop rəkʰkʰ grass field 

g gɑ problem dogɑ field kɑg crow 
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2.2 Discussion 

This analysis indicates that Hindko has twelve oral stops produced from four 

different places of articulation: bilabial /p, b, pʰ/, dental /t̪, d̪, t̪ʰ/, alveolar /t, d, tʰ/ and 

velar /k, g, kʰ/. It also reflects that the oral stops display a three way voicing 

contrast.  This is voiced /b, d̪, d, g/, voiceless unaspirated /p, t̪, t, k / and voiceless 

aspirated /pʰ, t̪ʰ, tʰ, kʰ /. All the voiceless phonemes have aspiration contrast but voiced 

aspirated stops are non-existent in Hindko. However, Kiyani et al (2012) claim that 

Hindko spoken in Neelum Valley being different from its dialects spoken in Kashmir and 

Pakistan has this contrast. Generally, voiced aspirated plosives are found in Indo-Aryan 

languages. Hussain (1997) reports that voiced stops are found in Urdu which is the 

second language of Hindko speakers. The analysis of Hazara Hindko given above does 

not support this finding. This analysis also demonstrates that Hindko plosives exist word 

initial, medial and final positions except /pʰ/ that is restricted to only word initially and 

medially. The following section presents an acoustic analysis of these segments. 

3. Acoustic analysis of Hindko stops 

Stops are articulated by complete closure of air in the vocal tract and then a sudden 

release of the blocked air at different places of articulation (Davenport and Hannahs, 

2005). These have been studied widely in other languages. 

 

3.1 Acoustic Studies of Stops 

Phonetically groups of consonants differ from each other in a variety of acoustic 

parameters intrinsically and extrinsically. Kent and Read (1996) assert that consonants 

groups differ considerably in their acoustic cues; due to this are difficult to describe 

with a single set of acoustic properties.  Some consonants are articulated with complete 

air blockage while other are produced with partial blockage. Some differ in release. 

Such differences constitute different groups of consonants, i-e. stops, fricatives, 

affricates, etc. All these have different distinguishing acoustic properties.  

The literature on acoustic phonetics indicates that there are intrinsic as well as 

extrinsic cues to distinguish among stops. Kent and Read (1996) assert that voice onset 

time (henceforth VOT), closure and burst are intrinsic while neighboring vowel 

transition is an extrinsic cue of stops. As shown above, Hindko has three way contrasts in 

12 oral stops namely voiced, voiceless aspirated and voiceless unaspirated. Maddieson’s 

(1984) survey of 317 languages demonstrates that 25% of languages are with three stop 

series contrast. Hindko also has the same three way contrast of plosive segments. 

Ladefoged (2001) supplements the view that stops differ various ways on acoustic 

dimensions like VOT, the spectral characteristics of their release burst and formant 

transitions of surrounding vowels. This section aims to determine the acoustic cues of 

stops in Hindko which are produced from four different places as given below: 
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Table 6: Stops of Hindko 

 Bilabial Dental Alveolar Velar 

Voiceless unaspirated p t̪ t k 

Voiceless aspirated pʰ t̪ʰ tʰ kʰ 

Voiced unaspirated b d ̪ d g 

 

 

3.2 VOT 

VOT is the interval between the release of a plosive and the onset of the vocal 

cords vibration and is measured from acoustic displays as the time between the release 

burst and the first quasi perdiosity in the acoustic signal (Lisker and Abramson 1964; 

Keating 1984; Klatt 1975). Three different types of VOT can be found. The first type is 

zero VOT in which the onset of vocal folds vibration approximately coincides with the 

stop release. The second one is positive VOT where there is a delay in the onset of 

vocal folds vibration after the stop release (also called lag VOT). This type is further 

divided into two namely short lag and long lag VOT. The third type is negative VOT, 

also known as lead VOT, in which the onset of vocal cords vibration precedes the 

plosive release. The following figure 1 demonstrates positive and negative VOT for 

Hindko velar stops /k/ and /g/ respectively. 

This figure shows that /k/ has positive VOT as the circled area indicates while /g/ 

has negative VOT because the pitch contour preceding the release burst is clearly 

visible. 

 

Figure 1: Spectrogram showing VOT for /k/ and /g/ 

 

There are various studies on VOT in different languages of the world indicating a 

variety of trends. These cross linguistic investigations show that there are three 
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principal findings with respect to place of articulation of plosive: Firstly, the further 

back the closure, the longer the VOT (Fischer-Jorgensen, 1954; Peterson & Lehiste, 

1960). Secondly, the more extended the contact area, the longer the VOT (Stevens, 

Keyser & Kawasaki, 1986). Finally, the faster the movement of the articulators is, the 

shorter the VOT (Hardcastle, 1973). Lisker and Abramson (1964) consider VOT as a 

strong cue to voicing contrast between plosives. 

 

3.3 Closure duration 

The closure duration of plosives is known as the acoustic interval corresponding to 

the articulatory occlusion (Kent & Read, 1996). Maddieson (1991) states that the 

closure duration of a stop decreases with the backness of the tongue. Anderson & 

Maddieson (1994) find in their study of Tiwi coronal stops that the closure duration of 

alveolar stops is the shortest one of all coronal segments.  

 

3.4 Burst as acoustic cue 

Usually, the spectrum of a stop burst varies with the place of articulation. Kent and 

Read (1996) associate the spectral variation to the fact that the short noise burst is 

shaped by the resonance attributes defined by particular articulatory configuration. The 

plosive burst is represented as a short vertical noise pulse with a specific center 

frequency. Halle, Hughes and Radley (1957) state that bilabial stops /p, b/ have low 

frequency concentration from 500-1500 Hz while alveolar /t, d/ had a high frequency 

above 4000 Hz whereas the velar /k, g/ had a strong concentration in the mid region of 

about 1500-4000 Hz. Stevens and Blumstein (1978) associate the spectral template 

with each place of articulation as bilabial a flat or falling spectrum; alveolar with a 

rising spectrum and velar with a compact (mid-frequency) spectrum.  

Following section first states the methodology for acoustic analysis and then 

discusses the acoustic properties of Stops in Hindko. 

4. Methodology 

The methodology includes a description of participants, stimuli and procedure 

used to study Hindko plosives acoustically. 

 

4.1 Participants 

In total, ten Hindko speakers (five male and five female) participated in the study. 

The participants were born in Hazara Hindko dialectal area. All these are either in their 

twenties or thirties. Eight of them are graduate students while two are teachers at the 

university of AJ&K. All the participants are multilingual. At home, they speak Hindko 

while elsewhere Urdu. However, classroom communication is in English to a great 
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extent. None of them reported any history of language impairment. All of them had 

received no phonetic training and knowledge of this kind of experiment. 

 

4.2 Stimuli 

The stimuli contain Hindko words and non-words with a vowel-consonant-vowel 

(VCV) context, where C is the target stop consonant. To minimize variation from the 

vowel context, the same vowel /i/ is used both in preceding and following position of 

the target C. For recording, a list of twelve Hindko stops is prepared as shown in the 

table below: 

 

Table 7: List of target stops in iCi sequence 

Stops Voiceless unaspirated Voiced unaspirated Voiceless aspirated 

Bilabial ipi ibi ipʰi 

Dental it ̪i id ̪i it ̪ʰi 

Alveolar iti idi itʰi 

Velar iki igi igi 

 

 

4.3 Procedure 

Each participant repeated the 12 stimuli 3 times for a total of 36 stimuli per 

participant. Totally, 360 tokens (12 stop consonants x 3 repetitions x 10 participants) 

were analyzed to determine acoustic cues. Before recording, a brief session of 

instruction regarding how and what to do was held. For familiarization, each 

participant rehearsed the target words. The list of target words was given and for each 

repetition the order was changed. The data were recorded using high fidelity 

microphone directly on PRAAT software. A statistical package for social sciences 

(SPSS) was used for statistical analysis where possible. 

5. Results and discussion 

The results are stated and discussed under the relevant headings.  

 

5.1 VOT 

The results of VOT measurements for Hindko stops are summarized in the 

following tables: 
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Table 8: Mean VOT and standard deviation for Hindko bilabial stops 

Bilabials No. of Tokens Mean Standard Deviation 

p 30 25 1.15 

pʰ 30 65 2.94 

b 30 -125 3.03 

 

 

Table 9: Mean VOT and standard deviation for Hindko dental stops 

Dental No. of Tokens Mean Standard Deviation 

t̪ 30 19 4.20 

t̪ʰ 30 76 3.05 

d̪ 30 -112 2.00 

 

 

Table 10: Mean VOT and standard deviation for Hindko alveolar stops 

Alveolar No. of Tokens Mean Standard Deviation 

t 30 27 1.15 

tʰ 30 77 1.82 

d 30 -120 2.86 

 

 

Table 11: Mean VOT and standard deviation for Hindko velar stops 

Velar No. of Tokens Mean Standard Deviation 

k 30 42 1.41 

kʰ 
30 91 1.61 

g 30 -149 2.21 

 

 

Table 12: Mean VOT values (ms) 

 voiced unaspirated aspirated 

Bilabial -125 25 65 

Dental -112 19 76 

Alveolar -120 27 77 

Velar -149 42 91 
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As mentioned above, Hindko has three way contrast series of stops namely voiced, 

voiceless unaspirated and voiceless aspirated. The voiced stops /b, d ̪, d, g/ have 

negative VOT ranging from -112 (dental) to -149 (velar). The voiceless unaspirated 

plosives /p, t̪, t, k/ have positive VOT ranging from 19 (dental) to 42 (velar). The 

voiceless aspirated stops /pʰ, t ̪ʰ, tʰ , kʰ/  have also positive VOT ranging from 65 

(bilabial) to 91ms (velar) which is fairly longer than voiceless unaspirated stops. 

Following figure 2 reflects a comparative sketch on the basis of average mean values 

which are -126.5 for voiced, 28.25 for voiceless unaspirated and 77.25 for voiceless 

aspirated stops: 

 

 

Figure 2: Average Mean VOT for voiced,  

voiceless unaspirated and voiceless aspirated stops in Hindko 

 

 

Figure 2 clearly shows that the degree of VOT difference is evident. The hierarchy 

is as voiceless aspirated > voiceless unaspirated > voiced. 

Statistically, a single factor ANOVA confirms that the P-value is smaller than 0.05 

which implies that the difference is highly significant between the three voicing types. 

Thus, it can be concluded that Hindko demonstrates a pattern found in many other 

languages of the world: voiceless stops have short VOT, Voiceless aspirated have long 

VOT while voiced stops are produced with prevoicing. 

As the average means values given above in the table 11 indicates that Hindko 

stops are distinguishable on the ground of the place of articulation. This difference is 

visible in the figure 3: 
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Figure 3: Mean VOT values (ms) for bilabial, dental,  

alveolar and velar stops of Hindko 

 

 

Figure 3 is illustrious of the difference among stops produced from different 

places. The following table presents average mean VOT for different places of 

articulation. 

 

Table 13: Average VOT by place of articulation 

Places of articulation Average VOT (ms) 

Bilabial 45 

Dental 47.5 

Alveolar 52 

Velar 66.6 

 

 

To check the significance, one way ANOVA test was performed which shows that 

there is a highly significant difference between bilabial, dental, alveolar and velar as 

the P-value is smaller than 0.05. Moreover, the pairwise test between bilabial-dental, 

bilabial-alveolar, bilabial-velar, dental-alveolar, dental-velar and alveolar-velar is also 

found significant. 

This study reveals that Hindko stops are consistent with Cho & Ladefoged (1999) 

finding in a cross linguistic investigation that VOT increases with the backness of a 

plosive’s place of articulation as the VOT in Hindko stops is increasing which means 

that the further back the place of articulation is the longer the VOT. However, this 

study does not supplements Hardcastle’s (1973) finding that the faster the movement 

of the articulators, the shorter the VOT. The VOT hierarchy in terms of place of 

articulation is: Velar > alveolar > dental > bilabial. 
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This study on VOT in terms of voicing and place of articulation of Hindko stops 

finds that: 

 Velar stops have the longest VOT while bilabial have the shortest. 

 The hierarchy by place of production of stops is Velar > alveolar > dental 

> bilabial. 

 Statistically, all the F-test results are significant as the P-value is smaller 

than .05 the level of significance. Even pairwise tests like bilabial-dental, 

bilabial-alveolar, bilabial-velar, dental-alveolar, etc. are also found 

significant. 

 The study supports the cross linguistic finding the further back the 

closure, the longer the VOT (Fischer-Jorgensen, 1954; Peterson & 

Lehiste, 1960) rather than Hardcastle’s (1973) finding that the faster the 

movement of the articulators, the shorter the VOT. 

 

5.2 Closure duration 

This section discusses the closure duration of Hindko stops in terms of articulatory 

place and voicing quality. The following table exhibits the closure duration of Hindko 

stops by place of articulation: 

 

Table 14: Closure duration by place of articulation (ms) 

 Voiced Voiceless 

unaspirated 

Voiceless aspirated 

Bilabial 98 126 118 

Dental 95 116 110 

Alveolar 94 114 107 

Velar 90 105 102 

 

 

The figure 4 illustrates the difference that exists within groups by place of 

articulation. 
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Figure 4: Closure duration by place of articulation 

 

 

This figure shows that there is a clear difference within bilabial, dental, alveolar 

and velar. The closure duration is the maximum for the bilabial (114 ms) and minimum 

(99 ms) for the velar stops. These results supplement Maddieson’s (1991) finding, i-e. 

the closure duration reduces with the backness of the tongue. Besides, this study also 

supports the results found in Anderson and Maddieson (1994) which claims that the 

shortest closure duration among coronal stops is of alveolar phonemes as shown in the 

figure 4. 

F-test demonstrates that the difference of closure in four places of articulation is 

significant as the P-value is smaller than 0.05 the level of significance. Pairwise 

differences are also significant.  

The following figure shows the closure duration by voicing type: 

 

 

Figure 5: Closure duration by voicing type 
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Figure 5 reflects the following hierarchy of the closure duration: Unaspirated 

voiceless > aspirated voiceless > voiced. One way ANOVA shows the differences are 

significant. Moreover, pairwise differences are also significant.  

Winding up closure duration and VOT in Hindko, both are effective acoustic cues 

to distinguish plosives in terms of place and voicing. The relationship between Closure 

duration and VOT is a reverse one, i-e. the closure duration decreases as the VOT 

increases. Putting both together, the difference in overall stop duration is no longer 

significant as shown in the figure 6. 

 

 

Figure 6: Stop duration (Closure duration + VOT) 

 

The above discussion indicates that the study of Hindko stops supports the claim 

by Lehiste (1960) that characteristically VOT increases with the backness of a stop’s 

place of articulation. This study is also supportive to the finding of Madieson (1997) 

that the stop closure duration for bilabial stops is, in general, longer than that of 

alveolar and velar, possibly due to different degree of air pressure in the cavity behind 

the construction.  

 

5.3 Burst as acoustic cue 

The following figures 7-10 present the burst, indicated in between vertical lines on 

the spectrogram, of voiceless stops in Hindko at four places of articulation: 
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Figure 7: Burst of bilabial voiceless stop /p/ 

 

 

 

Figure 8: Burst of dental voiceless stop /t ̪/ 
 

 

 

Figure 9: Burst of alveolar voiceless stop /t/ 
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Figure 10: Burst of velar voiceless stop /k/ 

 

 

The spectrogram in the figure 7 clearly indicates that bilabial burst is falling as it 

fades away going upward. The bursts for dental and alveolar in the figures 8-9 are 

rising respectively. However, the difference is that burst for dental is strong while for 

alveolar a faint one. The velar as in the figure 10 has a compact burst in the mid-

frequency range. Hence, the burst is also an effective cue like VOT and closure 

duration to distinguish stops. This study of burst in Hindko stops supplements the 

findings of Stevens and Blumstein (1978) as stated above. The findings are stated 

below: 

 

Table 15: Burst spectrum by place of articulation 

Place Burst spectrum 

Bilabial Falling 

Dental Rising (strong) 

Alveolar Rising 

Velar Compact (mid-frequency) 

 

6. Findings 

This acostic study of Hindko oral stops finds that: 

 Bilabial: VOT minimum, closure duration maximum and the burst weak 

and falling. 

  Dental: VOT longer than bilabial, closure duration lesser than bilabials 

and the burst rising (strong). 
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 Alveolar: VOT longer than dentals, closure duration shorter than dentals 

and the burst rising. 

 Velar: VOT the longest, closure duration the shortest and the burst 

compact (mid-frequency). 

7. Conclusion 

The phonemic analysis identifies that Hindko has twelve oral stops articulated 

from four different places of articulation: bilabial /p, b, pʰ/, dental /t̪, d ̪, t ̪ʰ/, alveolar 

/t, d, tʰ/ and velar /k, g, kʰ/. It also reveals that the oral stops display a three way 

voicing contrast.  This is voiced /b, d̪, d, g/, voiceless unaspirated /p, t ̪, t, k/ and 

voiceless aspirated /pʰ, t̪ʰ, tʰ, kʰ/. All the voiceless phonemes have aspiration contrast 

but voiced aspirated stops are non-existent in Hindko. This analysis also demonstrates 

that Hindko plosives exist word initial, medial and final positions except /pʰ/ that is 

restricted to only word initially and medially. 

 The acoustic analysis of these oral stops reveals that all the segments are 

distinguishable. In regard with this, VOT, closure duration and burst are effective and 

significant acoustic cues. VOT examination suggests that velar stops have the longest 

VOT while bilabial have the shortest. The hierarchy by place of production of stops is 

as velar > alveolar > dental > bilabial. Moreover, the statistical testing also confirms 

that there is a significant difference between these. Hence, the study on VOT of 

Hindko oral stops supplements the cross linguistic finding, i-e. it increases with the 

backness of the tongue. The closure duration is also a differentiating acoustic cue from 

place as well as voicing point of views. From the place of articulation perspective, 

there is a clear difference within bilabial, dental, alveolar and velar. The closure 

duration is the maximum for the bilabial (114 ms) and minimum (99 ms) for the velar 

stops.  From voicing perspective the hierarchy of the closure duration is as unaspirated 

voiceless > aspirated voiceless > voiced. One way ANOVA shows the differences are 

significant. Even, pairwise differences are also significant. As far as the burst spectrum 

is concerned, it distinguishes Hindko oral stops as bilabials have a falling, dentals have 

a rising (strong), alveolars have a rising (weak) and velars have a compact (mid-

frequency) burst. Summing up, VOT, closure duration and burst are reliable and 

distinguishing intrinsic cues of oral stops in Hindko. 
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