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CHAPTER |

INTRODUCTION

He gave man speech and speech created thought,
which is the power of the universe.

Shelley

Speech is a form of or al commruni cati on in which
transformation of information takes place by neans of speech
waves which are in the form of acoustic energy (Fant, 1960).
Speech perception is the process where in speech is decoded and

interpreted by the listener.

The ear seens to be custom built for the purpose of
detecting and anal ysing sounds. The speech signals which are |ong
spurts of a conplex and constantly changing stream of sounds
radiate fromthe speaker's Ilips, travel in air, inpinge upon the
ear drum of the listener and reach the higher cortical structures
through mddle and inner ears and the auditory pathway. The
speech signal is analyzed tenporally and spectrally at the |ower
centers to sone extent (i.e, below the thalanmus level) and
processing of specific speech paranmeters and other conplex
acoustic features of natural stinmuli begins only at the |evel of
nmedi al geniculate body (M3B) which is located in the thalanus

(Kiedel, Kallert, Korth, and Humes, 1983). The Ilinguistic



conponents are added only at the higher centers of the cortex to
the already analyzed signal to reconstruct the percept intended
by the speaker. Wen the |istener has reconstructed this signa

(i.e, decoded and interpreted) speech perception is said to have

occurred.

Speech sounds are varied and have nunmerous acoustic cues. It
seens that the auditory system depends on sone of the acoustic
cues of the speech sounds to identify and thus to perceive it.)
From the speech production studies, it 1is known that speech
sounds are bundles of different acoustic cues like the formants,
their band wi dths and |evels, Fundanmental frequency (FO), energy,
duration of closure, preceding vowel duration (PVD), burst energy

and voi ce onset time (VOT).

The process of speech perception in human beings is of
interest and extensive research has been conducted in the recent
past to obtain a know edge about the processing of speech
signals in the auditory pathway. The results of these research
have enhanced the knowl edge about the process of speech
perception and has provided information about the cues that could

be used with the speech and | anguage handi capped.

These studies involve spectral analysis or perceptua
anal ysi s. Spectrography has been extensively used to obtain
production data, to gather the details of the paraneters of
speech sounds which are perceived. Paranmeters which characterize
particul ar speech sounds, are considered to be the cues for the

perception of those sounds.



In nost of the speech perception studies, speech sounds are
reconstructed from their known spectral and tenporal Paraneters
and presented to the listeners for judgenent. The paraneters of
the acoustic signal can be altered individually or in conbination

to evaluate the effect of their cues on |istener's perception.

The different techniques used in the perceptual studies are
Analysis by synthesis (Halle and Stevens, 1959), articulatory
synthesis (Fant, 1960) and synthesis by rule (Flanagan et al,
1970). These techniques have been used to assess the role of
tenporal paranmeters and spectral paraneters. Anong the speech
sounds, stop consonants have been worked on extensively.
Dor man, Raphael and Liberman (1979a), Fischer Jorgensen(1979),
Li sker and Price (1979), Bailey and Summer field (1980), Fitch,
Hal ves, Erickson and Liberman (1980), Port (1980), Usha Rani
(1989), Datta(1989) , Vinay Rakesh (1990) have worked on closure
duration. Raphael (1972), Fruin and Bishoff (1976), Raphael
(1980), Usha Rani (1989) and Vinay Rakesh (1990) have
experinented with the preceding vowel duration as a cue to
voicing of stop consonants. Keating and Blunstein (1978),
Haski ns group (1980), Raphael (1980) Usha Rani (1989) and Vinay
Rakesh (1990) have worked with the transition duration of the
precedi ng vowel which may cue the stop perception. Stevens and
Klatt (1974), Lisker (1975), Sumrerfield and Haggard (1977),
Ahmed and Gupta (1980), Bailey and Sunmer field (1980), Usha Rani
(1989) and Vinay Rakesh (1990) have explored the possibility of
the transition duration of the following vowel as a cue to

voi ci ng of stop consonant.



VOT is the duration of the interval between onset of burst
resulting from stop release and the glottal signal (Lisker and
Abranmson, 1964). It has been clained that short lag or |lead VOI's
cue voiced cognates and long lag VOI's cue voicel ess cognates.
Li sker and Abranson (1964), Lisker (1967, 1975), Stevens and
Klatt (1974) Zlatin (1974), Lisker (1975), Darwin and Brady
(1975), Moslin and John (1976), WIllians (1976), Wod (1976),
Carney (1977), Diehl et al, (1977), Summer field and Haggard
(1977), Ohde (1978), Keating, Mkos and Ganong (1981), Elliott
(1986), Usharani (1989), Vinay Rakesh (1990), Burnhem et al
(1991), Volaitis and MIller (1992), Kluender et al, (1992),
Nearey and Rochet (1992), Kim (1993) have worked on VOT as a cue

to stop consonant voi cing.

In spite of extensive research in this area, the way in
which the cues conbine to produce a percept is not yet known.
Also, sone of the tenporal paraneters seem to vary across
| anguages. In this context, the present study was designed to
find out the role of VOI as a perceptual cue to voicing of stop
consonants in Kannada. It was also designed to evaluate the

possible role of VOT as a cue to place of articulation.
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CHAPTER 11

REVI EW OCF LI TERATURE

| . Stop consonants:

Stop consonants are produced by occluding the oral cavity by
an articulator. Ar is held behind the articulator for sonetine
and is then released. The stops represent the non-linearity of
the speech production system They also denobnstrate the
redundancy of acoustic cues available to distinguish speech

sounds.

The nature of stop perception provides the best exanples for
listener's use of the acoustic overlapping of phonenes in speech
systens. Also, they have consistently produced evidence for
phonetic |level processing. They appear to be the nost highly

encoded speech sounds (Day and Vigorito, 1973).

The salient features of stop consonants are

1. Aperiod of occlusion (silence/voiced).

2. Atransient explosion (usually less than 20 msec) produced
by shock excitation of the wvocal tract upon release of

occl usi on.

3. A very brief (0-10 msec) period of frication as articulators
separate and air is blown through a narrow constriction as in

the honmo organic fricatives.



4. A very brief period of aspiration (2-20 msec) with in which
may be detected noise excited formant transitions reflecting
shifts 1in vocal tract resonances as the main body of the
tongue noves towards the position appropriate for the

foll ow ng vowel .

5. Voiced formant transitions reflecting the final stages of
articulatory novenent into the vowel during the first few

cycles of laryngeal vibration. |

N |/
[P

/]

)

| —tn — ]é——u}#@ T8

Figure 1 - Spectrogramdepicting the salient features of /k/

1. Period of occl usion.
2. Period of frication.
3. Period of aspiration.
4

Voiced formant transition into the follow ng vowel.

Several experinents have been conducted to investigate the
perceptual cues of stop consonant in nornmal adults and children
and in Speech handi capped popul ation. The various paraneters
studied can be listed wunder the spectral and tenporal

characteristics.
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The spectral parameters include

Burst anplitude.

Burst frequency.

FO change in the succeeding vowel .

Frequency of formants 1,2, and 3

Band wi dths of formants 1,2, and 3.

Di rection of second and third f or mant (F» and FJ
transitions.

Voi cing during closure.
The tenporal parameters include

Precedi ng vowel duration (VD/ PVD).

Cl osure duration (CD).

Voi ce onset time (VOT).

Voi ce offset time.

Stop consonant durati on.

Of glide duration of the first formant, F1
Of glide duration of the second formant, F2.

Burst duration (BD).

Voi cing cues have been studied extensively. Lisker (1977) in

study has listed 16 parameters that <cue voicing of stop

consonants in nedial position. They are

1

2.
3.

Presence/ absence of |ow frequency buzz during the closure
i nterval .
Duration of closure.

F1 offset frequency before closure.



F1 offset transition duration.

F1 onset transition duration.

F1 onset frequency follow ng closure.
Precedi ng vowel duration.

F1 cutback follow ng closure.

© ®» N o o »

F1 cutback before closure.

10. VOT delay after closure.

11. VOT cutback after closure.

12. FO contour before closure.

13. FO contour after closure.

14. Anplitude relative to vowel.

15. Decay tinme of glottal signal preceding closure.

16. Intensity of burst closure.

As the present study ains to study VOT as a perceptual cue
to voicing of stop consonants in Kannada, the review here is

restricted to studies of VOI as a perceptual cue.

I 1. Voice Onset Tine:

( Voice Onset Tine refers to the duration of the interval
bet ween onset of the burst resulting from stop release and the
glottal signal. It has been found to be distinctive for voicing
in many |anguages. Lisker and Abranmson (1964),/ Lisker (1967)
opine that differences in VOT provided a useful acoustic neasure
of the various phonem c categories such as 'voiced stop' and
'voi celess unaspirated stops'. Li sker and Abranson (1964)
proposed that |anguages which have stop voicing contrasts have

chosen anong three VOI categories nanely



a) Voicing lead (negative VOI) or prevoicihg, in which voicing

onset precedes the rel ease burst.

b) Coincident or short Jlag VOI (with zero or |low positive VOT
values) in which voicing onset is sinmultaneous or briefly

| ags behind the rel ease burst.

c) Long lag VOT (with high positive VOI values) in which the

voi ci ng onset |ags behind the rel ease burst.

Voiced plosives in English normally have a short lag VOT
(less than 20-30 m sec) and voiceless plosives on the other hand
have relatively longer VOT values (nore than 50 m sec) (Lisker,
1975). After the initial work of Lisker and Abranson on VOT,
several investigators have evaluated the role of VOT in various

| anguages.

I1l1. VOT as a perceptual cue to voicing:

Stevens and Klatt (1974) studied speech perception using
anal ysis by synthesis nmethod. Synthetic aspirated and unaspirated
stop consonants were used. The perceptual task was to judge
whether or not there was an interval of silence between the
bursts of noise and onset of buzz. The VOT ranged from O to
40 msec and was varied in 5 msec steps. They found that the

m ni nrum VOT for 50% recognition of silent interval was 20 m sec.

Zlatin (1974) conducted a study to exam ne the status of

VOT in perception of word initial voiced and voiceless stops?



Synthetic CV syllables with VOT continuum ranging from -150 m sec
to + 150 msec and varied in 5 msec or 10 msec were used.
Forced choice procedure was used for b Vs p, k Vs g, and d Vs t
per cept . Zlatin concluded that VOI is a primary cue for

differentiation of honorganic stop consonants./

Li sker (1975) synthesized CV syllables. The stop consonants
/kl and /g/ were used with the vowel /a/. The tenporal paraneters
were varied as follows - In the first condition, VOI and Fl1 onset
were varied from 0O to 60 msec in 5 msec steps, the burst
duration was 20 msec and the transition duration was 45 m sec.
In the second condition F1 was kept constant at 769 Hz for /al.
A forced choice task was wused for /k/ and /g/ percept. The
results showed that /g/ and /k/ were clearly divided at about 40
m sec of VOT. Sharply rising F1 was not found to be a requirenent
for /g/ percept. VOI for /g/ was found to be less than 25 msec

and /k/ had greater VOT val ues.

In an investigation on the role of VOT in distinguishing
anmong Korean apical stop consonants, Mslin and John (1976)
measured VOIs for word initial apical stops in the speech of four
native Korean speakers. Wrds in citation form in test
sentences, in conversation anong Korean adults and in nother's
speech to children were used. Results indicated that although VOT
is sufficient to distinguish the strong fromthe aspirated stops,
it cannot effectively distinguish either of these from weak

st ops.

Wllianms (1976) used synthetically produced syllable

10



initial stops with VOT ranging from - 40 msec to + 40 m sec,
these were given to Spanish listeners for judgenent. Seven out of
Eight listener's divided the series into voiced and voicel ess
portions with in the prevoiced region suggesting that prevoicing

can be a sufficient voicing cue.

Mood (1976) enployed Signal Detection methodology to study
t he phonene boundary effect. Synthetic stimuli ranging from /ba/
to /pa/ (VOI's from - 50 msec to + 70 m sec) were given to
subjects in a sane - different discrimnation task. The results
showed that there was a clear increase in discrimnability and a
marked shift in response bias from same to different occurred
near the voiced-voicel ess boundary. This was seen even when VOT
were isolated from syllable context so that they were not
categorized as phonenes. The results suggest that phonene
boundary effect for VOT is not due exclusively to phonetic
categorization but my instead reflect acoustic and auditory

properties which are distinct from phonetic processing.

Carney (1977) studied the discrimnability of bilabial
stop consonants differing in VOI (- 100 msec to + 100 msec) as
neasured in a same-different task, an oddity task and a dual
response discrimnation - identification task. After a noderate
amount of training in a sane-different task with a fixed standard
and with feed back, subjects showed excellent w thin category
discrimnation in all three tasks , discrimnation performance

continuously inproved and well-defined category boundaries fell

at arbitrary values determ ned by the experinenters.

11



Darwin and Brady (1975) wused a synthetic VOI continuum
ranging from5 to 55 msec in 5 msec steps, these were presented
to the subjects in blocks A (15 -25 msec), B (15 - 35 msec),
C (25 - 45 msec) and D (35 - 55 msec) and one block covering
the whol e range. These were given for perceptual analysis and the
percent /d/ response calculated. Results show that the |ocation
of the wvoicing boundary in the perception of initial stop
consonants is shown to vary according to the range of voice onset
times used in a block of trials and according to the order in
which blocks covering different ranges are presented. Subjects
were nore willing to perceive as unvoiced a sound to the |ong VOT
end of a short VOT range than to perceive as voiced a sound to

the short VOT end of the corresponding long - VOT range.

Di ehl, Buchwald and Elman (1977) used synthetic CV
syllables in an adaptation experinent. Each test syllable had a
value of VOI which placed it near the English voiced-voiceless
boundary. The investigators found that when the test syllables
were preceded by a clear /b/ [VOI = - 100 m sec] subjects tended
to identify them as /p/, whereas when they were preceded by an
unanbi guous /p/ (VOI = + 100 m sec), the syllables were |abelled
/bl. This contrast effect occurred even when the contextual
stimuli were velar and the test stinuli were bilabial suggesting

a featural rather than a phonem c basis for the effect.

El man, Diehl and Buchwald (1977) studied the identification
performance of three groups of subjects, nonolingual English

speakers, nonolingual Spanish speakers and English - Spanish

12



bi | mgual s. Natural ly produced /ba/ and /pa/ syllables with VOT
ranging from - 69 msec to + 66 nt.sec were presented for
identification. Results indicated that the two nonolingual groups
differed substantially in their identification performance wth
the English speakers tending to |abel nost of the stimuli as /bal
and Spani sh speakers tending to |abel nobst of them as /pal/. The
bilingual |istener's placenent of boundaries varied as a function
of | anguage set depending on whether they were strong, noderate

or s.eak bilinguals.

Sumerfield and Haggard (1977) wused synthetic (g-kh) CV
stinuli with VOT ranging from O to + 80 msec in a PEST nethod
expeirment. It was found that with increased VOT values greater

nunber of /kh/ percept was reported.

Ohde (1978) exam ned the effects of duration and nunber of
repetitions of the adapting stimulus on the voicing feature
scaling of stinuli varying in VOI before and after adaptation.
The adapting stimulus was either 5 25 or 55 msec VOI and the
nunber of repetitions of adaptation trial was 5, 32 or 95. The
findings were - the 55 msec adaptor was rated as p-like and the
5 and 25 m sec adaptors were rated as b-like. Geater shifts were
seer, for longer VOI adaptors and for greater repetitions. THe
researcher concludes that the results support a fatigue type
nodel and effects of adaptor repetition support an auditory

conponent of voicing anal ysis.

Keating, Mkos and Ganong (1981) studied the cross |anguage

di fferences between English and Polish. Three sets of synthesized



apical stops followed by /a/ i.e, (ta === | da) were used in a
forced choice task for labelling and discrimnation. The VOT

duration range were as follows

1. VOT ranging from -100msec to +50m sec.
2. VOT ranging from -100msec to +20m sec.

3. VOT ranging from- 20msec to +80m sec.

They found that Polish and English speakers use different
VOT  categories in their voicing distinctions and have
corresponding different peaks in discrimnation ; the English use
hi gher boundaries. The poles were found sensitive to differences

of VOT around 0 m sec.
The researchers concl uded that

1. Poles mght not wuse VOI as tenporal interval between the
bursts and the wvoicing onset. The salience is nore of

Psychoacoustic short |ag VOT.

2. Languages can differ in the range effects which could be

due to internal conposition of their phonem c categories.

Elliot (1986) used consonant vowel (CV) continuum in which
VOT ranged from O to 35 msec, and values were varied in 10 m sec
and 20 msec steps, to study the age related differences in VOT
di scrimnation. The two groups of children and one adult group
were given these stimuli in a sane-different identification task
Results showed that children displayed poorer di scri m nation

than adults for CV pairs differing by both tinme intervals.



Usha Rani (1989) studied the effect of tenporal paraneters
in cueing voicing in Kannada and Hi ndi. The stop consonants were
studied in intervocalic context. The VCV syllable was stored, the
CV segnent was separated and the VOI truncated in steps of 10
msec and then the series of newy fornmed VCV syllables was given
for perceptual analysis to adult speakers of Kannada and Hi ndi.
Results indicated that as VOI was truncated no change in percept
was reported except for /k/ by H ndi speakers. Usha Rani (1989)
concluded that VOT did not cue the perception of voicing in

intervocalic position but did cue place of articul ation.

Vinay Rakesh (1990) studied the effect of five tenporal
par aneters (cl osure durati on, precedi ng vowel durati on,
transition duration of the preceding and following vowels and
VOT) in cueing the cluster and voicing feature of unaspirated
bi | abial and velar stops in Ml ayal am and Tel ugu. The synthetic
test stinuli (V&) were presented to Mlayalam and Telugu
speakers for perceptual analysis. The results indicated that the
closure duration and presence or absence of voicing are the ngjor
cues for perception of voicing and clustering while preceding
vowel duration, preceding vowel transition duration, follow ng
vowel transition duration and VOI were found to be insufficient

cues for voicing.

Burnham Earnshaw and dark (1991) used an infant speech
identification procedure to test the identification of sounds on
a native (voiced/voiceless bilabial st op) continuum and a
non-native (Prevoi ced/voiced bil abial st op) conti nuum The

subjects taken were infants, tw and six-year old children and

15



adults. Synthetic syllables (bilabial stop plus vowel /a/) wth
VOT of initial consonant ranging from- 70 msec to + 70 msec in
10 msec steps were used. The subjects were also tested for their
identification of a continuum of harnonic tones varying in pitch.
Results revealed that wth age, the native contrasts were
perceived nore categorically where as Non-native contrast were
perceived nore noncategorically wth age. The scores of the
native contrast were not significantly greater than the scores of
pitch identification. The scores of the pitch identification task

were significantly greater than non-native contrasts.

Kim (1993) studied the production and perception of three
cl asses of stop consonants in Korean : Voiceless unaspirated (t)
Voi cel ess slightly aspirated (t ) and voiceless heavily
aspirated (t ). For these classes of stops produced by nale and
femal e Korean speakers Voice onset time, anplitude of aspiration
and F, of the first five glottal pulses were neasured. VOI was
longer for slightly aspirated than for wunaspirated stops and
longer still for heavily aspirated stops. Unaspirated and heavily
aspirated stops were both produced wth significantly higher Fy
than slightly aspirated stops. For the perception task six 12
step series of syllables differing in VOI (5 - 82 msec), F
(100, 125, 150 Hz) and anplitude of aspiration noise (- 37, - 21
dB) were synthesized. These were given to adult speakers for
perceptual analysis. Results revealed that VOI and the other two
stimulus variables were perceptually significant for the Korean

| i steners.

16



V. VOT as a perceptual cue to place of articulation

VOT is found to be dependant on the place of articulation.
As the tongue noves back for the articulation of stops, VOI
becones longer. This is also true for the perception of voiceless
st ops (Delattre Liberman and Cooper, 1955) For labials the VOT
is 25 msec for alveolars 35 msec and for velars 40 msec

(Del attre, Liberman and Cooper, 1955).

This finding has been reported by other authors al so.
Li sker and Abranson (1964) also reported that VOI typically

increases fromlabial to apical to velar points of articulation. }

Zlatin (1974) studied both perceptual and productive VOT
characteristics of adults. Synthetic syllables with VOT ranging
from - 150 msec to + 150 msec were given for perceptual
analysis wusing a forced choice procedure. Results showed a
consi stent increase in cross over value as place of articulation

nmoved back.

MIller (1977) assessed the |location of voiced-voiceless
boundary as a function of place of articulation. Synthetic
stimuli, (the syllables /ba/, /pal/, /gal, /kal, /da/ and /tal)
wth VOI ranging from O to + 50 msec were wused in an
identification task. The findings were simlar to the findings of
Li sker and Abranson's study ie, phonetic boundary systematically
shifted towards the voiceless end of the series as the place of
articulation varied from front to back. MIller concluded that
atleast for stinmuli near the phonetic boundary, the assignnment to

a voicing value is contingent on place val ue assigned.

17



Repp (1977) i nvestigated the dependence of voi ci ng
boundaries on place cues by varying F, and F; transition onset
frequencies of syllable initial stop consonants as well as their
VOT. He reported evidence for changes in voicing boundary which
was tied to the perceived place category. Also a dependence of
t he place boundary on VOT : Ilabial - alveolar - velar boundaries
converge as VOT increases resulting in a reduction of the size of

the alveolar category was reported.

Usha Rani (1989) evaluated the role of VOI in cueing
voi cing contrast in Kannada and Hindi. Results indicated that VOT
did not cue the perception of voicing but did cue place of

articulation in Kannada.

Volaitis and Mller (1992) conducted a series of
experinments to study affect of place of articulation on the
perception of voicing. Synthetic /bi/ and /gi/ tokens were given
for perceptual analysis. Results indicated that a change in place
of articulation from labial to velar consonants resulted in a
shift in the voiced-voiceless category boundary values towards
| onger VOTI values. This effect was seen irrespective of the

speaki ng rate.

Nearey and Rochet (1992) studied the effect of place of
articulation on the perception of VOT continua. Twelve different
continua (VOI ranging from - 80 to + 80 msec in 10 msec
steps) were presented to English and French speakers for

perceptual analysis. The consonants taken were /b, d, g, p, t.
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k/. Results indicate that both French and English speakers shoved
significant effects for place i.e, as place of articulation noved

forward the voiced-voicel ess cross over boundary val ues reduced.
V. VOT trade off with other cues:

There is volum nous evidence that honorganic stop consonants
are distinguished on the bases of VOI relative to their
supra glottal articulation. Following are a few studies which

hi ghlight the trade off of VOI with other cues.

Stevens and Klatt (1974) have enphasized the role of
transition duration showing that with greater durations there is
increase in the VOI value at the boundary between /da/ and /ta/
syl l ables. They have reported upto 15 msec change in the
| ocation of the perceived phonenme boundary as neasured in terns

of VOT.

Li sker, Liberman, Erickson, Dechovitz and Handler (1977)
studied the relation between transition duration and VOI. These
researchers found that the 50% crossover points along the VOT
dinmension nmoved to higher values wth increasing transition
duration. They also concluded that VOT is not alone sufficient
cue but voiced transition duration is even |ess adequate by

itsel f.

Summerfield and Haggard (1977) conducted a series of three

experinents to assess

1. The role of F, onset as a cue to the voiced percept.
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2. Wiether spectral influences on the perception of voicing was
a function only of the frequency of F; or the distribution of

energy in both F; and higher formants.

3. Wwether a rising F; transition was a positive cue to voicing

i ndependent of its onset frequency.

Synthetic /cv/ syllables were used and the variables were F;
onset frequency, F; transition duration and VOI, each of these
were mani pul ated independently. They reported that the ngjor
effect of F;, in initial voicing contrast is determned by its
percei ved frequency at the onset of frequency and also that a
periodically excited F; transition is not perse, a positive cue
to voicing. They also concluded than in perception, the tenpora
separation component of VOI and the F; onset frequency conponent
may be traded one for the other. The |lower the frequency of F; at
the onset of voicing, the longer the separation interval required

to produce a voicel ess percept.

Repp (1979) conducted two experinents to denonstrate that
the anplitude of aspiration noise is a cue for the distinction
bet ween voiced and voiceless syllable initial stop consonants in
English and that it can be traded for VOT. Results showed that
the category boundary on the VOT continuum (/da/, /ta/) was a
linear function of the anplitude ratio between the aspirated and
vocal ic portions. Burst and aspiration anplitudes were seen to
ef fect voicing boundary but not independently. Thus, a synthetic
stop sounded nore voiceless, the nore aspiration there is, the

percei ved anmount of aspiration being a function of both noise

20



duration and anplitude.

Kl uender, Lotto and Jenison (1992) studied the effect of
change in stimulus intensity and change in frequency difference
between F; and F, on the perception of voicing. In a series of
experiments several continua of synthesized CV' s varying in VOI
Mere played to listeners at levels ranging from 40 to 80 dBSPL.
The frequency difference between F, and F, was al so mani pul at ed.
Results showed that subjects |abeled nore CV's as voiceless as a
function of increasing stimulus level and of decreasing F, - F;
frequency difference. There was also an interaction between
Fi- F, frequency difference and stinulus intensity. Such that
t he ef f ect of intensity was greater for smaller FL - F
differences. The results indicate presence of synchrony encoding

for stop consonants.

The result of these studies indicate that VOI cues voicing
and place of articulation. Also, it appears that VOT is |anguage
dependant. Though Usha Rani (1989) studied the perceptual cueing
of VOT in Kannada, the stop consonants in her study were in the
nmedial position of the words and it was to be expected that VOT
did not cue voicing. In the present study the cueing of VOT is
investigated with reference to stop consonants in the initia

position of meani ngful Kannada words.

21



\

METHODOL OGY

4




CHAPTER 111

MET HODOL OGY

Mat eri al :

Three plosives - voiced wunaspirated velar /g/, voiced
unaspirated alveolar /d/ and voiced unaspirated bilabial /b/ -
were selected for the study. Three bisyllabic meaningful Kannada
words with these plosives in the initial position were
consi dered. These words forned a mnimal pair with a change from

voi ced pl osive to voiceless plosive. Table | shows the words.

Key Phonene Bi syl l abic Wrd Sel ected
gadi |(Kadi)
d: dada |(Tada)
:b: badi |(Padi)
Table |I : Material used for the present study

These three words were uttered into a mcrophone (cardi ode)
kept at a distance of 10 cnms fromthe nouth, by a twenty one year
old Kannada speaking normal female (experinmenter). These were
digitally recorded on a conmputer with a 12 bit ADC at a sanpling
frequency of 10 KHz. THe digitized waveform was displayed on the

screen of the conputer by using the program DWSSLC devel oped by



VSS (Voice and Speech Systens, Bangalore). Voice onset tine was
measured for each plosive fromthe waveform Voice onset tine was
defined as the duration between the onset of the release of the

stop consonant and the onset of the glottal pulse.

Using the waveform Editor, DWSSLC, voicing pulses were
truncated in steps of three pulses (which was the closest
approximation to a duration of 10 msec) until iead VOI was
conpletely renoved. Once pre-voicing was renoved silence was
added after the burst in 10 msec steps (the total duration of
silence was equal to the duration of lag VOT for the sane word as
uttered by the sanme subject) thus approximating a voiceless
pl osive. A total of twelve tokens for /g/, eleven tokens for /d/
and ten tokens for /b/ were synthesized. Table Il shows the
original lead VOT and the values for the subsequent synt hetic

tokens. Fig 2 to Fig. 7 show the synthetic tokens.
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TOKENS GADI DADA BADI

1 (Oiginal) - 96 - 88.8 - 70

2 - 82 - 76.4 - 50
3 - 68 - 59.6 - 38.4
4 - 57 - 44.0 - 22.4
5 - 41 - 28.0 0
6 - 27 0 + 10
7 0 + 10.0 + 20

8 + 10 + 20.0 + 30

9 + 20 + 30.0 + 40
10 + 30 + 40.0 + 50
r-| + 40 + 50.0

12 + 50 -

Table Il VOT values for synthetic tokens ( in msec)

Each word with its synthetic token was considered as a test
and for each test the tokens were random zed and iterated ten
times. These 330 tokens were audi o-recorded on nmagnetic cassettes
with an interstinmulus interval of one second, which forned the

mat eri al .
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Subj ect s:

Twenty Kannada speaking nornmal adults (ten nmales and ten
females) in the age range of 18 - 35 years served as subjects,
all of them had nornmal speech and hearing. Ml es ranged from 20
to 35 years with a nean age of 24.4 years and fernal es ranged

from 18 to 35 years with a nean age of 27.6 years.
Met hod:

The subjects were tested individually in a quiet room and
the stimuli were audio-presented through earphones at a
confortable listening |evel. An alternate forced-choice
identification task was used. The subjects were instructed to
listen to the tokens carefully and nark (* ) for the identified

phonenme on a response sheet provided.

Anal ysi s:

The data thus obtai ned was tabul ated and percentage response

for the stimulus was calculated by the follow ng formila.

(bt ai ned nunber of responses
Percent response = x 100

Expect ed nunber of responses

For exanple, if the total or expected nunber of response for
a stinulus was 10 and the obtai ned nunber of response was 4 then

t he percentage response was

4
x 100 = 40%

10
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The percent response for voiced and voicel ess plosives were
tabul ated for each of the test stinulus on the basis of which the
identification and discrimnation functions for each plosive were

pl ot t ed.

Four neasurenents were obtained from the identification
function (nodified from Lisker and Abranmson (1964), originally

given for VOT and Doughty, (1949).

1. Lower limt of the phoneme boundary w dth - was that point
al ong the VOT continuum where an individual identified voiced
stop 75% of the time. For eg: in Figure 8 value of the |ower

l[imt Vis - 34 msec of voice onset tine i.e, point A on the

X-axis.
2. 50% crossover - It was that point on the graph which was the
actual or interpolated point about the VOI continuum for

which 50% of the subjects response corresponded to the
voicing category, eg. in figure 50% crossover will be - 10

m sec of VOT i.e, point B on the X-axis.

3. Upper limt of phonenme boundary w dth - was defined as the
correspondi ng poi nt for the identification of voiceless
cognate 75% of the tine. For eg: in figure + 7.5 msec, the

point C on the x-axis is the upper limt.

4. Phonene boundary wdth (in msec) between voicing category
was defined as the arc boundary cross point along the VOT

conti nuum and was determ ned by subtracting the lower limt
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fromthe upper limt, eg : In figure 8, the phonene boundary

width is 41.5 m sec.

ol = 1 1 1'-| 1 1 !
o8 -32 88 61 -~41R-z7Bo Co 20 30 40 80

Voize Onest Tims [in ms.)

— K 800M88 g 0O

Figure 8 depicts the showing lower limt, upper limt, 50%

crossover and phonene boundary w dt h.

These neasurenments were used to anal yse the effect of VOI on

the perception of stop consonants in Kannada.
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CHAPTER | VV

RESULTS AND DI SCUssI AN

RESULTS:
|. Lower limt of the phonene boundary:

In general , the lower |limt of the phonene boundary was in
the lead VOT range and the lower limt was |ongest for bilabial

followed by alveolar and velar. Wen nales and fenales were

conpar ed, females had longer limts for [/k-g/ and /t-d/
percepts. The lower limt decreased as place of articulation
noved back in the oral cavity. Table |1l depicts the lower limt

of the phonenme boundary.

PERCEPT FEMALES MALES | AVERAGE
k - ¢ - 30.5 - 34 - 32.25
t - d - 30.0 - 34 - 32.00
p-b - 24.4 - 20.4) - 22.40
Table I'l'l : Lower limt of the phonene boundary (in m sec)
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occurred at

in mal es

50% crossover

50% cross over:

50% cross

voi ced to voicel ess percept

and for /[k-

each percept.

a later

over

occurred in the lead VOT range.

g/ percept

figures 9 to 17

from voiced

Shi ft

| ead VOT (-

occurred at

when conpared to the others and for

in femal es.

st op

6.75 m sec).

an earlier

occurred earlier

I k-g/

indicate the 50% cross over

PERCEPT FENMALES | MALES | AVERACE

k - g: - 675 - 10.2 - 6 75

t - d: - 14.0 - 10.5 - 14.00

P - b: - 11.2 - 5.6/ - 8.40
Table IV : 50%crossover points (in msec )

to voicel ess

per cept
The shift from
VOT for
Tabl e 1V depicts the



100 — =
\
Lo lad \ —
x
80— " 1
| 4 |
anl 7N
i 7 N .
t.. ‘/ — |
!0{ 7 ‘1|‘
ol i - L 1 . |

1 L 1
-98 -82 -88 87 41 -2T O© 0 20 30 40 &80

Vinlra Meoat Tima (in me )
L e = a TE O T

o | T Kscores 7 g scores .
F'ia qQ - Idantl%matwn duscriminakion me,L’lon
o_f Le_m&].t,s _Fof /Kg/ Conbinuum .

___Hesponse in %

e e, / \_ﬁ
) | - \_ _/:. —— i
- L \ /

N/
80 R A
X

an I\ |
') VAN |
"0 Z %% 1I

I . " b ==
ol—1 1 1 1 1 1 -, o 1 1 |
-888 -784 808 -44 -28 0 1 20 30 40 B0

\inlre Amosat Hma lin mo )
LR OISl e SN ey

——1s00re8 <~ O BOOER

F'fcj 1o — '_rotmtf#icah'on digeximinakion _{umc,h'on
o} ﬁemlc.s ,l()of [t-d] tontinuum

__Hesponse In %
l‘Ui l
| |
1 P {
\ "_’____.—--————'
sobl— N ]
1 ™ b |
X |
80 7 ]
X |
in £\ - | .
’ | !
¢ / \_ ,
S .\““*—H—II.
o P — v d 1 1 1 1 1

1 |
=T0 =80 -304 -224 i} 0 20 30 40 &0
Voloe Oneet Time (in me.)

; —— pscores T p sooTes
F?g 1 Td.mb,{fcp\bfon olicevimination .funt:Hm
of .f’emqles ¥m’ [P-b) Conkinuuw, -



o e t——A" o [ NS | W[ | 1 i 1

-8 -82 -68 -87 41 -27 ©0 {0 20 30 40 80
Vinlre Oreat Tima (ln me )

¥ aranine waaap s L Biies LR F RdNEay

) T kscorss T g soores e
I:a 12 = Iolenl:i{:'cql:mn-d,;"sc,vimine..EI'Dﬂ _rt-mc,l:r on

CLI Males _401' [k-j[ conttnuungy -

___Hespones in %
l.‘\.l'[
100 ——'-'———...J.. ==
== PSS ..-__..._.._‘-:‘Li - ..........—--4..-.. e v — — - -
\ /
60 F
X
An £
7N
4 N |
20r 7 <
0{ _.-«o——-—'r’//r 1 a1 \_;\t‘

" —
-GRB -T84 828 -~44 -28 0 10 20 S0 40 80

Vinlca Anoat Hma (in me }
Wi Al e RASEI N Lt

Avay awe

Coaia o oty e TTtwes = aucem
913 = _.lolz.nkl_l.l'(_Ql:lof] -discviminakion _{uﬂc_-k_l‘gn

__U_‘ malee _PD"" [t-a) Contiauum .

... Heeponse in %
1 — _ e —
s
" |_ PR — — __.._\_‘..._— .....__..../.._.........
1 \ / |
\ /
80 s e o
X
in L% -
N > A
! N
20— 7 <
l & \\"I“—L—l——"'
ol M 1 1 1

-TO 80 -384 224 O W 20 30 40 60
Volee Onest Time {in me.)

—— peoores T D soones
r'f) 14 — ’Id!.ﬂl:f_‘ft&l:fon - digscyimination .’umc(:l'orj

o] males Lo~ [P-lb] Cenkinuun, -



an 2N

20 7 g i
| A |
al 1 " 1 1 1
-8 -82 -88 87 41 -21 O 0
I

Vnlra Mwmost Tima [
WA R AR AR 8 BRARw e

1 i 1
20 30 40 &0
meo )

an

Kk soomes ™ g 800M88

rl‘t_Z] 15 = Idmtiﬁrc;od:fvn-o\rscvfmiqo\l-,ron _Pu_nc,[-.'nq
D_; A dults ,fo /k’9J Conkinuum -

___Hesponse n %
1oy
100L
TR, T ———
. — . W S,
e ' NG P4
! \ 7/ 1
sof- \—
| X |
‘ﬂL /—\__._
| / \
| Pl
i _— N ]
olee—I""1 i 1 ! 1 ~+ | 1 J

-8B -T&4 -808 -44 -28 O 10 20 30 40 80

Volos onsst time (i ms.)

Cl’ﬂ 6 = Tden Liﬂémonf mc'w’m.'nal:fon untlieon
olf adullks {'ov JE-d.| conkinuuinm,
5
“‘_m n%
100{— =
\ . _-—'_-p’_‘._—,-#—’__-_‘——‘—l
Ladad P ——— ._\\A IR — __/_ - -
AN /
80 S S
X
an £\,
7\
: / \
20 7 <
J/ h“-l-.\‘_h L
[} ¥ v 1 [] 1 1

=
-T0 80 -384 224 O 1 20 30 40 8O

Volzce Oneat Tima fin me )

—— p BOODMER T D BODIER

T:"_‘_] L Ialmtff,fcal:ion - chisexviminalbion funckion
O-f— adulks -.fo‘f /P-b| Continuum -



The upper

The upper

mal es and upper

and bil abi al s.

[imt

limt

all the phonenes. The boundary

and high for

/ k-g/ percept

and the upper

of the phoneme boundary:

t he phonene boundary was

was

The boundary was

| ar gest

| V. Phonene boundary wi dt h:

f or

vel ars

[ p-b/ was internmedi ate between the two. The upper
| onger VOT in females for /k-g/ per cept
limt the male group for /t-d/
(Tabl e V)
PERCEPT FEMALES MALES AVERAGE
k - g + 10.0 + 7.5 | + 7.50
t - d + 0.6 + 2.5 + 1.25
p-Db + 6.25 | + 6.25| + 6.25
Table V : Upper limt of the boundary (

foll owed by alveolars

In males the boundary w dth was

for vel ar and al veol ar percepts.
PERCEPT FEMALES MALES AVERAGE
K -- g 40.5 41.5 39.75
t --d 30.6 36.5 33.25
p-rb 30. 65 26. 65 28. 65
Tabl e VI Phonenme boundary w dth (

A

lag VOT
low for
limt value for
occurred

when conpared to

In msec)

In msec)



The raw scores of nmale and fenmal e subjects were subjected to
statistical analysis. The results indicated that there was
significant difference between the responses of nales and fenales
for /k-g/ percept (T = 3.81, P = 0.0002) and no significant
differences were found for /t-d/ percept (T = 0.64, P = 0.52)and
[ p-bl/ percept (T = 0.95 P = 0.34).

V. Individual Responses:

| ndi vi dual variations were seen in the perceptual judgenents
of the wvarious subjects, figures 18 to 37 represent the
i ndi vidual responses for [k-g/ percept, figures 38 to 57
represent the individual responses for /t-d/ percept and figures
58 to 77 are the responses for /p-b/ percept. For /k-g/ percept
fourteen subjects showed good perpetual j udgenent (single
crossover) and six showed poor perceptual judgenent (multiple
crossovers). For the /t-d/ percept nineteen subjects showed good
per cept ual ] udgenent and one showed poor per cept ual
j udgenent . For [/p-b/ percept none of the subjects showed
multiple cross overs. These findings may reflect practice and
task famliarity effect as the /k-g/ tokens were presented first
aid the /p-b/ tokens were presented |ater. For [/k-g/ percept
seven subjects located the crossover in the lag region, one had
crossover at coincident VOT and twelve subjects had the crossover

in the lead VOI region. For /t-d/ percept five subjects had
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Fig 21. 84's response
Fig 22. 85's response

Fig 23. S¢'s response
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Fig 24. 87'5 response
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Fig 28. Sy,'S response

Fig 29. Slz's response
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Fig 33. S1¢'S response
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Fig 69. 512'5 response
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crossover in the lag VOI region and fifteen subjects shoved
crossover in lead VOT region. For the [/p-b/ percept, only five
subj ects showed crossover in the lag VOT region and one subject
had crossover at coincident VOI and remaining fourteen exhibited

crossover in |ead VOT region.
To sunmarize , the results indicated the follow ng ;

1. As the VOT values changed from lead to |lag there was a change

in percept from voiced stop to voicel ess stop.

2. The crossover from voiced to voiceless percept occurred in
the lead portion of the VOT continuum for all of the three
stops wused in the study, 50% crossover occurred earlier for

al veol ar followed by bilabial and velar.

3. The boundary wdth decreased fromvelar to alveolar to

bi | abi al .

4. Significant differences between the perceptual response of

mal es and fenmales for /k-g/ percept were seen.
5. I ndi vidual variation were observed anbng the subjects.
Di scussi ons

Results reveal ed that VOT cues voicing in Kannada. At |ong
| ead VOTs subjects perceived voiced stop and at short |ead and
lag VOIs voiceless percept was reported. The crossover from
voi ced to voicel ess percept occurred in the lead portion of the

VOT continuum for all of the three stops.
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The finding of the present study that VOI cues voicing is in
agr eenent with the findings of Lisker and Abranmson (1964),
Zlatin (1974), Lisker (1975), WIlliams (1976), Diehl (1977), Ohde
(1978), Keating, Mkos and Ganong (1981), Elliot et al (1986),
Burnham et al (1991), who found VOT to cue the voicing contrast.
The findings of the present study are contradictory to the
findings of Usha Rani (1989) and Vinay Rakesh (1990), who did not
find VOT to cue voicing contrast in Hindi, Kannada, Mlyalam and
Tel ugu respectively. The difference may be attributed to the
pl ace of the stop consonants in the word. Both these studies
considered the effect of VOI on perception of wvoicing in
intervocalic stop consonants where a nyriad of other cues also
come into play. Whereas in the present study, the stop consonant

was in the word initial position.

Li sker and Abramson (1964) and Zlatin (1974) in their
studies located the 50% cross over in the lag VOT range. Li sker
and Abranson reported crossover values of + 25 msec, + 35 msec
and + 45 msec for |abial, apical and velar cognates. WIIlians
(1976) in his study in Spanish found the crossover to be in |ead
VOT range. In the present study the 50% crossover was observed
in the lead VOT range. In this regard Kannada, as a |anguage

using VOT to cue voicing, appears to be simlar to Spanish and

not to English.

Anot her reason for this discrepancy mght be that while in
English, by rule, the initial voiceless stop consonants are

aspirated it is not so in Kannada. This rule based aspiration



induces longer lag VOI's for voiceless stop consonants in

Engl i sh.

The findings of the present study are conpared with the

speech production studies in Kannada. Shukl a (1989) reports an

increase in both lag and

lead VOT as the place of articulation

nmoves backwards in the oral cavity (Table VII). Sridevi's study

(1990) and Savithri et al's study (1995) contradict this in that

while lag VOT increases as the place of articulation noves back

in the oral cavity, lead VOT does not (Sridevi, 1990). The |ead

VOT decreases as the place of articulation noves backward in the

oral cavity (Sridevi, 1990). In contrast Savithri et al's study

(1995) reveals that the nean lead VOI's increase as the place of

articulati on noves backwards in the oral cavity. The differences

between these findings nay be attributed to the differences in

the material used.
MEAN VOT (in m sec)
| NVESTI GATORS
P b t d k g

Shukl a  (1989) 67 12 76 30 - 79
Sridevi (1990) 14 134 18 107 31 - 48
Savithri et al

(1995) 33 80 15 85 19 - 85

Tabl e VI Mean VOT value as reported by various Investigators
As the speech production data of Savithri et al's
study uses the sane subjects as used in this study, their

wll be conpared wth the speech perception data of
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study (Table VIII1). On comparing the lower Jlimts of the
perception data and the voiced stop production several points of
i nterest are reveal ed. VOT has hi gher val ues in speech
production and the place effect evident in the perception dat a
is not evi dent in production. The | ower [imt of speech

production data is maximum for /d/ and m nimum for /g/ whereas in

speech perception an i ncrease in VOT val ue as pl ace of
articulation moves back is evident in | ower [imit val ues.
Conversely, the wupper Iimt of VOT is maximum for /[/k/ and is
m ni mum for /p/ whereas in perception the upper limt is maxi mum
for /k - g/ and mnimum for /t - d/. In speech production data

the voiced and voiceless categories are clearly seperated by |ead

and | ag VOT. In perception data it is not so. In production the
stops showing greatest seperation are /t - d/ and | east
seperated are /k - g/. In perception data velars show maxi mum

seperation and | abials show mi nimum separation.

k- - g/ : [t-] d/ [P-| bl
MEASLREMENTS
SPEECH SPEECH SPEECH SPEECH SPEECH SPEECH
PRODUCTI ON | PERCEPTI ON | PRCDUCTION | PERCEPTICN | PRODUCTI ON | PERCEPTI QN
Lower |init - 60 - 32 - 71 - 32 , - 68 -22
Woper |imt + 45 + 8 + 20 + 1 +19 + 6
;m;ro; Wdt h + 47 + 40 + 70 + 33 + 66 + 29
Table VII1I : A conparison between the various neasurenents of

speech production and speech perception in the data of sane

subj ects.
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This comparison reveals that no one to one conparison

bet ween speech perception and speech production exists.

Finally, it can be concluded that VOI acts as a cue for
voi cing in Kannada, though, the distinctions are not simlar to

Engl i sh.
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CHAPTER V

SUMVARY AND CONCLUSI ONS

The present study was designed to investigate the effect of
VOT on perception of stop consonant voicing. The stop consonants
chosen for the study were voiced unaspirated bilabial stop,
voi ced unaspirated alveolar stop and voiced unaspirated velar
st op. Three bisyllabic neaningful Kannada words,* wth these
voiced plosives in the initial position, as uttered by a twenty
one year old Kannada speaking female were digitally recorded on a
conput er. Synthetic tokens were created by truncating voice

pulses in steps of three pulses and adding silence after the

burst in 10 ns steps once the pre-voicing was renobved. The
t okens t hus synt hesi zed wer e iterated ten tinmes and
audi o-recorded with an inter-stinulus interval of one m sec. A

total of 330 tokens were audio presented to twenty adult-subjects
(10 males and 10 fenules) for perceptual judgenent. An
alternate-forced choice task was chosen for the study and the
subjects were required to indicate the phonenme they heard on the
response sheet. Percent response for the voiced and voicel ess
pl osives were tabulated for each of the test stinmulus and the
identification and discrimnation functions were plotted for each

i ndi vi dual . From t hese identification functi ons f our

64



measurenents i.e, lower I|imt of the phonene boundary, 50%

crossover point, wupper |imt of the phonenme boundary and the
phonene boundary w dth were cal cul ated. Lower limt of the
phonenme  boundary was the point on t he i dentification-

di scrimnation function where the subject identified the token as
being voiced 75% of the tine. The 50% cross over point was
considered to be the point where the subject had equal percent of
responses for the voiced and voicel ess percepts, the upper limt
was the 75 % response value for the voicel ess percept. The
difference between the lower |imt and upper Iimt was considered
as the phonenme boundary width. Paired 't' test was also done to
know the significance of the difference in the responses of nale

and femal e subjects.

The results of the study revealed that long |lead VOT cues
voi ced stops and short lead VOI and |lag VOT cue voicel ess stops
in Kannada, and the change in the percept from voiced to
voi cel ess stop occurs in the lead VOI range. Thus, it appears
that VOT cues voicing in Kannada. Significant differences were
found between the performance of males and fenales for / k-g/
per cept. Al so, the boundary wdth decreased from velar to
bi | abi al place of articulation. I ndi vidual wvariations were

observed in that sone subjects showed nultiple crossovers.

A conparison of the speech perception data with that of
speech production data (of the same subjects) revealed no one to
one correlation between the two. It appears that depending on
the VOT structure in a given |anguage, the 50% crossover changes

while in English, voiceless stops are aspirated by rule in the
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initial position, in Kannada it is not so. In English the 50%
crossover occurs in the lag VOT range. Wllianms (1976) in his
study has reported that the crossover occurs in the lead VOT
range in Spanish. In this, Kannada appears to be simlar to
Spani sh. In conclusion, VOT appears to serve as a cue for

voi cing in Kannada though not in a simlar way to English.
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RESPONSE SHEET

Subj ect's Nane

Age/ Sex

Sl . No. Kadi Gadi Tada Dada Padi Badi

10.

11.

12.




