It is the mark of an instructed m nd
to rest satisfied

with that degree of precision

whi ch the nature of the subj ect admts,
and not to seek exactness

where only an approximation

of truth is possible.

- ARI STOTLE
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1. 1| NTRODUCTI ON

Speech is an acoustic stimulus which is a series of
tinme related events and rel ati onshi ps of pressure val ues
and energy distribution (Sanders, 1977). It is the con-
version of |anguage into sounds, it is a nmethod of ora
communi cation, the |language witten on breath. Conmmuni -
cation through speech is transm ssion of thoughts or
feelings fromthe mnd of a speaker to the mnd of a
listener. According to Sanders (1977) it is a matter
of evoking equival ent ideas rather than sending or exchang-

ing them

The speech signal which seens |ike |long spurts of
a conmpl ex and constantly changi ng stream of sounds
radiates fromthe speaker's lips, travels in air, inpinges
upon the eardrumof the listener and reaches the higher
cortical centres through mddle and inner ears and the
auditory pathway. The speech signal is analyzed at | ower
centres (below the thalanus level) to sone extent and
processi ng of specific speech paraneters and ot her conpl ex
acoustic features of natural stinuli begins only at the
| evel of nedial genicul ate body (MGB), which is |ocated
in the thal anus (Kiedel, Kallett, Korth andHumes, 1983).
The linguistic conponents are added only at the higher
centres of cortex to the already anal yzed signal to

reconstruct the percept intended by the speaker. \When the



| istener has reconstructed this signal, it is said that

he has perceived what the speaker has uttered. Thus the

audi tory perception of speech is a process of interpreting

the instruction inprinted on the acoustic wave by the

speaker over a tinme span or as Berry (1969), "Auditory states
perception of speech per se deals nmainly with the tenporal

managenent of information fromthe input” (Sanders, 1977).

The interest in perception and perceptual processing
has grown since 1945 with increased neurol ogical injuries
because of the wars. The role of auditory perception in
bot h perceptual and conceptual learning (particularly in
the acquisition and use of |anguage) has been recogni zed
for many years. Mdreover, research in this area has added
and in futurewll add to the know edge of hunman speech
per ception and understandi ng of the functions of neuro-
anatom cal structures. Also the information is of use for
teachi ng speech to the non-verbal ly handi capped and for
constructing speech synthesizers and text-to-speech conver-
sion systens. This is also of help in automatic speech
recognition. These utilities have triggered severa
experiments on human speech perception in the past few

decades.

From t he speech production studies it is known that
speech sounds have different acoustic cues |like the formants,
band wi dt hs and | evel of formants, F,, energy, duration of

cl osure, burst energy, VOT etc.



I n nost of the perceptual studies speech sounds are
reconstructed fromtheir known spectral and tenpora
paraneters and presented to the |isteners for judgenent.
Vari ous paraneters of the acoustic signal can be altered
individually or in conbination to evaluate the effect of
their cues on listener's perception. The different tech-
ni ques used in the perceptual studies are anal ysis-hy-
synthesis (Halle and Stevens, 1959), articulatory studies
(Pant, 1960) and synthesis-by-rule (Flanagan et al, 1970).
These techni ques have been used to assess the role of sone
of the tenporal paraneters |ike VOT (Lisker, 1975; Lahiri,
1980; Keating, Mkos and Ganong, 1981; Wnitz et al, 1975),
transition duration (Sumrerfield and Haggard, 1977); Dornan
and Raphael , 1980) and spectral paraneters |ike F; onset
frequency, F, onset frequency (Lisker, 1977; Al wan, 1989)

etc. within and across | anguages.

Li ngui stic expectation and articul atory know edge are
i nportant in speech perception (Dornman, Raphael and
Li berman, 1979; Lisker and Abranson, 1964). Bilingual
subjects seemto divide stimulus (prefaced /ra/ and /1| al/
stimuli with questions spoken in English) according to
phonem c contrasts of the particul ar |anguage they were
using imedi ately before each stinmulus (El nman, D ehl, and
Buchwal d, 1977). Al so, several studies reviewed by Strange
and Jenki ns (1978) offer evidence that the | anguage

experiences of adults can influence their perception. For



exanpl e, Spani sh, French and Thai speakers use different
VOT criteria for voicing contrast than do English speakers.
In Arabic all syllables begin with a consonant. Hence,

a steady-state stimlus, for exanple, which would be heard
normal Iy by English-speaking |isteners as just a vowel will
be heard by Arabs as (?V) where (?) is a glottal stop
(Alwan, 1989). Thus the linguistic know edge seens to

i nfl uence the percept. This warrants research in and
across various |anguages of the world. Till date, the
process of human speech perception is not understood. The

research has been mainly in | anguages ot her than Indian.

In this context, the present study is planned to
investigate the effect of five tenporal paraneters (closure
duration, Preceding vowel duration, Transition duration
of the preceding and the follow ng vowels, and VOT) in
cueing the cluster and voicing feature of the gemnate
stop / kk/ /gg/, /pp/ and / bb/ as occuring in the words
[ akka/, /agga/, /appal/ and /abba/. The percept ual
difference across native Tel ugu and Mal ayal am speakers,
percept change for neani ngful and nonsense stimuli by
different |anguage |isteners and sex difference in the

perception are al so studi ed.



2. GENERAL REVIEW

This is a general review which deals with the theories
of speech perception, cues for stop consonants and cross-
l'inguistic studies in the perception of speech sounds. The
review specific to the different parameters will be

presented separately in the respective chapters.

2.1: Theories of Speech Perception:

There are two types of classification for the theories
of speech perception.
1. Active and Passive

2. Variance and |nvariance

2.1.1. Active theories - According to the active

theories, speech perception depends on speech production.
The sounds are sensed, analyzed for their phonetic properties
by reference to how such speech sounds are produced and thus

are recogni zed (Borden and Harris, 1980).

The two active theories are -

a) Mdtor theory of speech perception (Liberman et al,
1972);

b) Anal ysis-by-synthesis (Stevens and Halle, 1959).

2.1.1.1: Mtor theory of speech perception (Liberman et al,

1972):- According to the Mdtor theory of speech perception,

the production and perception are two different entities.



There is an inbuilt vocal tract in the brain, which assunes
the articulatory posture simlar to the vocal tract of the
speaker, based on its articulatory knowl edge in order to

perceive the incomng auditory signal. Here the reference

is mainly articulatory.

2.1.1.2: Analysis-by-Synthesis Theory (Stevens and

Hall e, 1959) :- It is simlar to the notor theory in that
the listener refers to production, but the reference is
nore acoustic, less articulatory and it relies on a system
of matching. The listener receives the auditory pattern
and analyzes it by eliciting an auditory nodel of his own
production of the phonenme, and, if the patterns match, he

accepts his perception as correct (Borden and Harris, 1980).

2.1.2: Passive theories - According to the passive

t heories the process of speech perception is primarily
sensory. The nessage is sensed, filtered and nmapped onto
acousti c-phonetic features of |anguage (Borden and Harris,

1980). Passive theory was advocated by Fant, (1960),

According to Fant, (1960), "the perceptual mechani sm
shares with the speech production nmechani sma comon pool
of distinctive features, but the listeners need not refer
to production for perception. Linguistic centres in the

brain are common to both incom ng and outgoi ng nmessages,



but the centres responsible for subphonem c, nore peripheral
aspects of production and perception are viewed as indepen-

dent" (Border and Harris, 1980).

2.1.3: The Quantal Theory of Speech proposed by Stevens

(1972) is not a theory of speech perception in the sense,

but has sone inplications for theory of speech perception*

It relates the articulatory changes to the acoustic results.
The thesis of the quantal theory is that there is a disconti-
nuity between changes in articulatory positioning and the
resul tant changes in acoustic output. There are vocal tract
regions in which small continuous differences in articulatory
position cause little or no differences in acoustic output,
but there are other regions within which small articulatory
differences result in large acoustic differences. |In these
critical regions, a slight adjustment of articulatory place-

ment will cause a quantal leap in terns of sound change.

"Simlar kinds of relations are observed between para-
neters that give a neasure of auditory response to a speech
i ke sound and paraneters that specify sone acoustic dinmen-
sions of sound. The tendency for quantal relations anong
t hese acoustic, auditory and articulatory paraneters is a
princi pal factor shaping the inventory of acoustic and
articulatory attributes that are used to signal distinctions

in |language" (Stevens, 1989).



O these, the analysis-by-synthesis theory is terned
the theory of invariance and the others are called as the

t heori es of vari ance.

2.2: The stop consonants:

The stop consonants are produced by occl uding the
oral cavity by an articulator. Air is held behind the
articulator for sonetine and is then rel eased. The stops
represent the non-linearity of the speech production system
They al so denonstrate the redundancy of acoustic cues
avai | abl e to distinguish speech sounds. The nature of stop
perception provides the best exanple of |istener's use of
t he acoustic overl appi ng of phonenes in speech system
Al so, they have consistently produced evi dence for phonetic
| evel processing. They appear to be nost highly encoded

speech sounds" (Day and Vigorito, 1973).

The salient features of stop consonants are -
1. Aperiod of occlusion (silencel/voiced)
2. Atransition explosion (usually |l ess than 20 m secs)
produced by shock excitation of vocal tract upon
rel ease of occl usion.
3. Avery brief (0-10 m sec) period of frication as
articulators separate and air is blow through the

narrow constriction, as in honorganic fricative.



4. Abrief period of aspiration (2-20 msecs) wthin
whi ch may be detected the noi se excited fornant
transitions, reflecting shifts in vocal tract
resonances as the nmain body of the tongue noves
towards the position appropriate for the follow ng
vowel .

5. Voiced formant transitions, reflecting the final
stages of articulatory novenent into the vowe
during the first fewcycles of laryngeal vibration.
(Fi scher-Jorgensen, 1954; Halle, Hughes and Radl ey,
1957; Pant, 1969).

Several experinments have been conducted to gain insight
into the perceptual cues of stop consonants. The various
paraneters studied can be |isted under spectral and tenporal

cat egori es.
The spectral paraneters include :-

Frequency of formants, 1, 2 and 3; bandw dths of fornants
1, 2 and 3; anplitude of formants, 1, 2, and 3; direction of
second and third formant (F2 and F3) transitions, voice during
closure, burst anplitude, burst frequency, double burst
rel ease, Fy changes in the preceding and fol |l owi ng vowel and
anplitude of the follow ng vowel etc. The tenporal paraneters
i ncl ude - preceding vowel duration, closure duration, voice

onset tine, voice offset tine, stop consonant duration, off-glide
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duration of the first formant (F22), off-glide duration of
t he second formant (F¥, burst duration and transition
duration and speed of transition of the formant of preced-

ing vowel etc.

Vari ous paraneters cue the place, manner and voi ci ng
of stop consonants. The acoustic cues for manner of
articulation of stops are, relative silence, burst and short

transitions (Borden and Harris, 1980).

The cues for place of articulation of stops are -

(i) Frequency position of burst inrelation to a vowel ;-
hi gh frequency burst cues /t/, |owfrequency burst
cues / p/, and bursts perceived as / k/ are slightly
above the second fornmant of the particul ar two-
formants vowel i.e. high burst / k/ percepts with
front vowels and | ow bursts / k/ percepts w th back
vowel s. Wthout bursts al so, stops are perceived
when acconpani ed by transitions.

(ii) Second formant transition of the follow ng vowel ; -
Al therising F2/2 transitions are perceived as
bilabials (/p/ and /b/),F4slight fall for front
vowel s and sharp fall for back vowel s are perceived
as alveolars /t,d/, sharp F2/2- fall for front vowel s
and slight fall of FI for back vowel s are perceived

as velars /k, g/ (Borden and Harri s, 1980).
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The various cues for voicing of stop consonants are: -
1. Presence/ absence of |ow frequency buzz during the
closure interval.
Duration of closure.
. F1/1 offset frequency before cl osure.

. F1/1offset transition duration.

2
3
4
5. F1/1 onset frequency fol |l ow ng cl osure.
6. F1/ 1 onset transition duration.

7. [ael duration (vowel duration).

8. F1/1 cut back before cl osure.

9. F1/ 1 cut back follow ng cl osure.

10. VOT cut back before cl osure.

11. VOT del ay before cl osure.

12. F, contour before closure.

13. F, contour after closure.

14. Amplitude of /i/ relative to /ael

15. Delay tinme of glottal signal preceding closure.

16. Intensity of burst follow ng the closure. (Lisker, 1977).

It has been found that these paraneters in conbination
(Raphael , Dorman and Li berman, 1980; Bailey and Sumrerfi el d,
1980) or in trading relation with one another (Liberman and
St uddert - Kennedy, 1977; Bailey and Summerfield, 1978; Fitch,
Hal | wes, Erickson and Li berrman, 1980), cue for the perception

of stop consonants.

2.3 . CGoss linguistic studies:

The influence of linguistic know edge is one of the

| nportant aspects in speech perception. Lotz, Abranson,
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Gerstman, Ingenmann and Nenser (1960) studied the perception
of English stops by speakers of English, Spanish, Hugarian
and Thai using tape-cutting nethod. They concl uded t hat
there is a hierarchy anong the cues in the acoustic stimulus
for the perception of stops in various |anguages. For
Anerican English, the lack of aspiration is a domnant cue
for forcing the evaluation of the stops in the direction

of /b,d,g/, whereas in the | anguages where the distinctions
exist, the evaluation is different. This exanplify the
reflection of the linguistic categories of the listener's

native | anguage in his perception of speech sounds.

Singh and Bl ack (1966) studied the production and
perception of twentysix intervocalic consonants in the
speakers of four |anguages - H ndi, English, Arabic and
Japanese. They reported that |istening groups differed
and that consonants were unequal in their intelligibility.
O the whol e, all speakers spoke better and all |isteners
| i stened better when saying and hearing sounds of their

nati ve | anguage.

El man, D ehl and Buchwal d (1977) found the | anguage

set' that |isteners have when maki ng deci si ons about
speech sound identity to be capabl e of changing the
boundary between categories. Bilingual subjects divide
such stimuli according to the phonetic contrast of the
particul ar | anguage they are using i mredi ately before each

sti mul us.
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Strange and Jenkins (1978) reviewed the studies of
nonol i ngual and bilingual speakers. There are evidences
t hat the | anguage experience of admts caminfluence their
perception. For exanpl e Spani sh, French and Thai speakers
use different VOT criteria for voicing contrasts than do
Engl i sh speakers.

N

’Fbmever, recently Fox and Lehi ste (1989) studied

discrimnation of duration ratios in bisyllabic token
by native English and Estonian |isteners and concl uded
that neither the linguistic background of the |istener
nor the linguistic status of the stinmulus token (i.e.
noi se burst or bisyllables) seemto have significant

effect upon the ability to nmake precise discrimnation.

In I ndian | anguages ,(Wsha Rani, (1 989) studied the
effect of five tenporal paraneters (closure duration,
precedi ng vowel duration, transition duration of preced-
ing and follow ng vowel s and t he voi ce onset tine) on the
perception of bilabial and vel ar unaspirated gem nate
stop consonants in Kannada and H ndi speakers. She found
that there was no significant difference in the percepts

by the |isteners of Kannada and H ndi | anguages.

Though, extensive research has been carried out, stop

perception by human beings is still not understood and



further the production data (Slis and Danste, 1967;

Li ndqui st, 1972; Frokjaer-Jensen et al, 1973; Benguerel,

et al 1978; Keating, 1984; Brownman and Gol dstein, 1986)'
i ndi cates | anguage differences, especially for VOT.

This warrants further cross-Ilanguage studies.

The present study attenpts at evaluating the

tenporal perceptual cues of velar and bilabial gem nate,

unaspirated, stop consonants in Telugu and Mal ayal am

speakers.

14
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3. GENERAL  METHODOLGGY

In the present study five experinents were conducted
(effect of (1) closure duration (2) preceding vowel dura-
tion (3) Transition duration of the preceding vowel (4)
Transition duration of the follow ng vowel and (5) VOT on
t he perception of gemnate velar and bilabial stop conso-
nants). The test environnent, subjects and procedure of
data collection are common to all the five experinents.

The speech materials are different and they will be described

in the respective chapters.
3.1 Material:

The test nmaterial agenerated by Usha Rani (1989) were
used for this study. It conprised of four synthetic V;CC,V,
words (/akka, agga, appa and abba/) varying in one of the
tenporal paraneters viz. closure duration, VOI of the conso-
nant ( Cy), duration of the preceding vowel (V;), transition
duration of the preceding vowel (V;) and transition duration
of the follow ng vowel (V;). These were generated from a
PO XT with 12 bit AD and DA converter at a sanpling rate
of 8 KHz using anal ysi s-by-synthesis technique. In total
there were one hundred and fifty seven stimuli with three

t oken of each stimul us.
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(kk - voi cel ess unaspirated gem nated vel ar stop conso-
nant, gg - voi ced unaspirated gem nated vel ar stop consonant,
pp - voicel ess unaspirated gemnated bil abial stop consonant,

bb - voi ced unaspirated gemnated bil abi al stop consonant).
3.2. Subj ects:

Ten native adult Ml ayal am speakers (five males and five
femal es) and ten native adult Tel ugu speakers (seven nal es
and three fenal es) served as subjects in the perceptua
j udgenent tasks for all the experinents. The subjects were
not exposed to Kannada, so the words /akka/ and / appa/ were
nmeani ngful and /agga/ and / abba/ were nonsense for them A
of themhad normal hearing and had no reported history of any
ear di seases. None of themwere exposed to synthetic speech

stimulus previously. The age range of these subjects are in

Tabl e- 1.
Sex No. Age range Mean age
Mal es 5 17 - 18 17.2
Mal ayal am
speaker Fenal es 5 17 - 18 17.8
Tel ugu Mal es 7 17 - 19 18
speakers Ferales 3 17 - 19 18

Tabl e-1: Age range of subjects studied.

3.3: Test environnent:

The stimuli were audi o presented to the subjects at
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confortable listening levels in a quiet room Only one

subj ect participated at a tine.

3.4: Procedure:

The subjects were instructed to listen to the audi o-
stinmulus and indicate their responses by marking ( ) under
t he appropriate percepts on the response sheet provided.
Cl osed choice of four percepts were indicated on the response
sheets (Appendi x-1). The subjects were allowed to listen

to the stimuli three tinmes before maki ng perceptual judgenent.

The perceptual judgenent of these subjects were
tabul ated to evaluate the effect of tenporal paraneters
on the perception of velar and bil abial unaspirated gem nate
clusters in words anong the Mal ayal am and Tel ugu speakers
and across | anguages for neani ngful and nonsense stinuli.
Al so, the results are conpared with those obtai ned from

Kannada and Hi ndi speakers.
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4. EXPERI MENT- |

CLOSURE DURATI ON AND STOP PERCEPTI ON

| nt roducti on:

Closure duration is the tinme for which the articul ator

is held in position for a stop consonant.
i
|

+

FREQUENCY (KHz) f ' ™~ | / o
hr  — I N—
FW e P
i L — e — —_—
g=e—C-D—> 230 o

———>» TIME (m-sec)

Fig. 4.1 Schematic representation of a spectrogram

depi cting cl osure duration.
It has been established by several studies (Lisker,
1957; Gupta, Agrawal and Ahmad, 1973; Savithi, 1989;
Vanden Berg, 1988 and Datta, 1989) that silence plays an
inmportant role in perception of the manner, voicing and
pl ace features of a stop consonant. Depending on the
duration of the silence between the syllables, the inter-
vocalic stops in trochees were perceived as voiced or
voi cel ess (eg. rapid or rabid), (Lisker, 1957). Port (1976)
gives an account of 'rapid being perceived as 'ratted

when the duration of silence between the syllables was

r educed.
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FILE:aiapa, 238 STARTING DURATION: @ ENDING DURATION: 298

] AL L 290 15

Fig.4.2as ! SYNTHESIZED /APPA/ WITH ~23@ M.Secs CLOSURE DURATION.

2g

FILE:a:apa. 10 STARTING DURATION: @ ENDING DURATION: 368

o 360 WS

Fig°4'2b= SYNTHESIZED /AFTA/ WITH -1@ M.Secs CLOSURE DURATION.

Fig.4.2(a,b) waveforms of some synthetic stimuli.
27.
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Spectrograns of English nedial voiceless stops before
unstressed syl | ables showed | onger closure durations than
do the voiced stops (Lisker, 1957). However, Lisker (1978)

contradicted this view.

Usha Rani (1989) studied role of closure duration on
t he perception of medial gem nate stop consonants (kk, gg,
pp, bb) in neaningful Kannada words to assess the percep-
tion of:
a) Cluster vs non-cluster and
b) Voicing feature (voiced vs voi cel ess).
Differences in perception between sex and a cross-|anguages

(H ndi and Kannada) were assessed.

It was reported that closure duration provides the cue
for manner and place of articulation, though to sone extent.
The present experiment ains to assess the perception of the
above features in native Telugu and Mal ayal am speakers.
Since the words /agga/ and /abba/ are neani ngless for both
Tel ugu and Mal ayal am speakers a fifth variable is added to
t he above nentioned four i.e. difference in perception
bet ween nonsense and neani ngful words and cross-I|anguage

di fferences between Tel ugu, Ml ayal am speakers.

Revi ew.

The various experiments on closure duration as a cue to
t he perception of voicing of stop consonants are enlisted in
Table 4.1
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Met hod:

Sti mul us:

The stimuli prepared by Usha Rani (1989) were used in
this experinent. The tenporal paraneters for each word

are in Tabl e 4. 2.

akka agga appa abba
Total duration 615 432 535 520
d osure duration 240 215 238 214,
Precedi ng vowel
duration 127 143 89 97

Table 4.2 Tenporal paraneters of the stimuli synthesized
- (in msecs).

(The syl l abl e /akka/, /agga/, /appa/, and /abba/ were
recorded as uttered by a fenmal e speaker, digitized and
stored in a conputer nenory. The initial vowels and CCV
of these words were extracted and stored separately. In
the CCV syl l abl e / kka/, /ggal/, /ppal/ and /bba/, the closure
duration was truncated in 10 msecs steps to produce stimul
wi th reduced closure durations. The truncation was perforned
until the closure duration was al nost renoved (less than
10 msecs). The resultant CCV stimuli were then reconbi ned
with the initial vowels of the correspondi ng syl |l abl es.
Each word had the fol |l owing nunber of stimuli: akka-23,

appa- 24, agga-22, end abba-23. These stimuli were random zed.
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converted into anal og signal and audi orecorded. Each stinmulus

was recorded thrice with an inter stimulus interval of 2 seconds)
The concat enat ed VCCV waveforns are in Fig. 4.1.

Results and D scussi on:

The results are presented in Table 4. 3.

1. In general, three percepts were identified for the voice-
| ess consonants and two percepts were identified for the
voi ced consonants bot h by Ml ayal am and Tel ugu |i steners.

2. At reduced cl osure durations the stinulus was perceived
as voi ced and at |engthened cl osure duration it was
percei ved as voi cel ess. As the closure duration increased
t he percept changed fromnon-cluster voiced to non-cluster
voi celess and finally to cluster voiceless for the
voi cel ess consonants, and for the voi ced consonant it
changed fromnon-cluster to cluster.

3. In Mal ayal amlisteners the change i n percept was not
continuous. For exanple, inthe percept /kk/ the scores
were scattered at 110 and 120 m secs of cl osure duration
and hence were not included into any category. |In case
of the percepts /gg/ and / bb/ break was observed at
cl osure duration of 90-100 msecs and 100-120 m secs
respectively. |In case of /pp/ there was an overl ap at
20 msecs of closure duration. |In Telugu listeners, the
scatter of score (break) was noticed at a cl osure dura-

tion of 120 msecs for the percept /pp/.
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4. There were no clearcut differences in perception between
sex and across | anguages (Ml ayal amand Tel ugu) .

5. Meani ngful ness of the stinmulus did not affect the percept.

6. There was an overlap in the perception of voicing between
t he voi cel ess and the voi ced percept, eg. when the percept For
was / kk/, the percept changed fromvoiced to voi cel ess
at a closure duration of 60 and 40 m secs respectively
for Mal ayal amand Tel ugu |isteners. However, when the
percept was /gg/, Ml ayalamand Tel ugu |isteners perceived
it as voiced singleton till a closure duration of 80 and
90 m secs respectively. Simlarly in case of /pp/, the
per cept changed fromvoiced to voiceless at a closure
duration of 20 and 40 m secs respectively for Ml ayal am
and Telugu listeners. Again, when the stimlus was /bb/,
bot h Mal ayal am and Tel ugu |isteners perceived it as
voi ced singleton / b/ until a closure duration of 90 m secs.
Thi s m ght be because of the presence of vocal fold

vi bration cuei ng voi ci ng.

The results of this study are in consonance with the
findings (production data) of Lisker (1957) in English,
Nagamma Reddy (1985) in Telugu and Savithri (1989) in Kannada.
These studies report that the closure duration for voicel ess
sounds is longer than that of voiced. The perceptual data of

t he present study supports this. Al so, the results support
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the findings of the earlier studies (Dorman, Raphael,
Li berman, 1979, a, b; Datta, 1989 etc) in that a voicel ess

stop in perceived at increased closure durations.

However, they do not support the findings of closure
duration as a cue for place of articulation (Fischer-Jorgensen,
1979). This is expected as a forced choice

percept was provided.

The responses of Ml ayal am and Tel ugu |isteners
differed fromthose of Kannada and Hi ndi who participated
in the experinment conducted by Usha Rani (1989). |n Kannada
and H ndi |isteners, the percept changed from non-cl uster
to cluster when the closure duration was greater than 60-70
m secs whereas in Ml ayal am and Telugu |isteners this change
was observed at around 100 m secs of closure duration.
Kannada and Hindi |isteners reported voiced percepts for
cl osure durations of |ess than 60 m secs. Whereas Ml ayal am
and Telugu listeners reported voiced percept for closure
durations of less than 30 m secs (except Ml ayal am mal es who
reported voicing till 50 m secs). There was no difference
for the percepts /gg/ and / bb/ across | anguages. Scatter of
scores or breaks were also reported in Kannada and Hi nd
i steners around 100-110 m secs of closure duration which
was treated as "perceptual confusion*. The production data
and the perceptual responses of the four different |anguages

are in table 4. 4.
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Language ( osure duration Cosure duration
I n production I n perception
Tel ugu / g/ 105 Less than 30
I b/ 100 Less than 30
Mal ayal am / g/ NI L Less than 50
I bl NI L Less than 20
Kaanada / g/ 72 Less than 60
I b/ 106 Less than 60
Hndi /g/ 100 Less than 60
/bl 90 Less than 60

Table 4.4 dosure duration (msecs) in production and
per cepti on.

O the four |anguages the production and percept ual
data seemto correl ate better in Kannada | anguage. This
m ght be perhaps because (1) the speaker had Kannada as
her first |anguage and (2) all the words used were neani ngf ul

to the listeners of Kannada | anguage.

The t hree phoneti c di nensi ons voicing, aspiration and
articulatory force have been widely cited as bases for
separating the stop categories of English and many ot her
| anguages (Lisker and Abranson, 1967). In the present

study all the four sounds are unaspirated and still it was
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observed that the perception changes from Voi cel ess to voiced
as the closure duration was decreased. As the articulatory
force was essentially constant for all the synthetic words

the sound is perhaps perceived as voiceless if the articulators
are closed for a longer tine. Thus, it seens that the closure

duration becones nore inportant than the articulatory resistence.
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5. EXPERI MENT-I |
PRECED NG VONEL DURATI ON AND STCP PERCEPTI ON

| ntroducti on:

The duration of the preceding vowel is often cited as
an inportant cue to the voicing feature of final stop
consonants in English. Preceding vowel duration has been
called under certain conditions as a primary (Kl att, 1976)
and even necessary cue (Raphael, 1972) to voicing distinc-

tions.

“I'n English and sone ot her |anguages vowel s precedi ng
final voiced consonants are |onger than those preceding
final voicel ess consonants and this difference is perceptually
rel evant” (Denes, 1955; Raphael, 1972). Irrespective of
t he consonants followi ng a stressed vowel or preceding an
unstressed vowel , the length of vowel cues voicing of the
consonant. The vowel is shortened preceding a voi cel ess

consonant (Denes, 1955; House, 1961).

However, the phonetic categories that contrast voiced
vs voi cel ess are not the sane across | anguages (Col dstein
and Brownnman, 1986). Vowels in both French and English are
| onger before the phonol ogically voiced stops than before

t he phonol ogi cal | y unvoi ced stops (Mack, 1982). Vowel |ength
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di fference for voicing contrasts in Dutch (Slis and Cohen,
1969; Vanden Berg, 1988), Korean (Chen, 1970) and Swedi sh

(Li ndbl om and Repp, 1973) are al so not ed.

I n Indian | anguages, preceding vowel duration was not
found to cue for the voiced-voiceless distinction and pl ace
of articulation in Kannada and Hindi (Usha Rani, 1989).
Though, the production data in Kannada (Savithri, 1989) and
Tel ugu (Nagama Reddy, 1985) indicate |engthening of the

vowel preceding voiced stop, it was not significant.

This experiment ains to evaluate the effect of preced-
ing vowel duration in cueing the perception of /kk, gg, pp

and bb) for voicing, D fference between sex and across

listeners of Ml ayal am and Tel ugu | anguages are al so studi ed.

Revi ew:

Most of the experinents on the cueing value of preced-
ing vowel duration, enploying the patterns of synthetic
speech have used only the steady-state portion as the variable.
However, the syllable-initial transitions in CV syllables do
contribute to the "vowel' duration, to alnost sane degree as
an equal duration of steady state (Raphael, Dorman and Li berman,
1980). Thus, the effective duration of a vowel extends over
all parts of the acoustic signal that may be said to have

influenced by it, including especially, the transition that
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reflect the consequences of the coarticulations of vowel and
consonant (Raphael, Dorman and Li berman, 1980). The studies

of relevance to the preceding vowel duration are in Table 5.1.

Met hod:

Sti nmul us;

The stinmuli prepared by Usha Rani (1989) were used in
this experinment. (Two stinmulus words /agga/ and / abba/ vary-
ing in the duration of the initial vowel were synthesized as
follows. A femal e speaker recorded the words /agga/ and
[ abba/ (VCCV), which were stored in a conputer nmenory. The
duration of the initial vowel in the steady-state was truncated
in 10 msecs steps until the vowel was reduced to half its
duration and these stimuli were stored in the conputer nenory
to generate VCCV stinmuli which differed in duration of the

preceding vowel (Fig. 5+1 a and 5.1 b) .

N
|
cClll =
g oy, = BM v
2 irz_ I N S .'I& g ~—
5 | f
a 'R N /7~ & ] T\ r
(= 4 =
] I BTLRU RN RERRNTIRTTRLNT TN N (X - EETRAR TR ETRTR T —ee iy
i TIME [ m-secs] Q " ‘t-““’c':.“_‘r 19 . -
a ?i - pTIME [ msec.;.]
Fig.5.1 a:Schematic represen- Fig.5.1 b: Preceding vowel
tation of spectrogram duration trancated to
depi cting /aggal/ before half its value of /aggal.

truncating the duration
of preceding vowel .
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FILE:a:pvb.38 STARTING DURATION: @ ENDING DURATION: 468

Fig.5.2a: = SYNTHESI ZED /ABBA WTH -50 M Secs OF PRECEDI NG VONEL
DURATI O\,

FILE:aipvb. 18 STARTING DURATION: @ ENDING DURATION: 585

Fig.5. 2b: —SYNTHES| ZED / ABBA WTH -10 M Secs OF PRECED NG VONEL
DURATI ON.

Fig.5.2(a,b) Waveforns of sonme synthetic stinuli.
59
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The stimuli was random zed, converted to analog signals
and audi o recorded. Each stinulus was audi o recorded
thrice with an interstinulus interval of 2 seconds). The

durational parameters and the stinmuli generated are in

the table 5.2.and the concatenated wave forns are in Fig
5.2(a) and

Wor ds abba agga

Duration of initial
vowel (in mns) 97.4 143

Endi ng of truncation
(inms) . 48. 7 70

Number of stimnuli
obt ai ned 5 7

Table 5.2 Durational paranmeters of the words /agga/
and / abba/

Results and Di scussi on:

Results are presented in Table 5. 3.

In general, there was no change in the percept with
decrease in preceding vowel duration. Also, therewereno
apparent differences in percept for neaningful/nmeaningl ess
stimuli. However for the stinulus /bb/, Telugu mal e
listeners reported a voicel ess percept as the preceding

vowel duration was decreased. This agrees with the findings
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of Smth and Muse (1988), Kl uender, D chl and Wi ght (1988),
Vanden Berg (1988), Raphael (1972) and Denes (1955).

| dentified
Mal ayal am Tel ugu

Percept Mal e Femal e Mal e Femal e

agga:
PVTD 0 - 70 0 - 70 0 - 70 0 - 70

Per cent age
ldentifica- 85.71 94. 23 73.76 100

tion.

abba:

PVTD 10 - 50 10 - 50 10 - 20 10 - 50

Per cent age
| dentifica- 68 68 71. 43 93. 33
tion

appa:
PVTD 30 - 50

Per cent age
| denti fica- 61. 9%
tion.

Tabl e 5.3: Perceptual judgenent of Ml ayal amand Tel ugu
| isteners as a function of precedi ng vowel
durati on.

PVTD i ndi cates the preceding vowel truncated (steady-state)
I n msecs.
It seens that preceding vowel duration rmay not cue for
voicing in Malayalamfor velar and bilabial stops. However,
it seens to cue voicing in Telugu bilabial stops for mal es.

Thus, there was a sex difference anong Telugu |isteners and
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a language difference for / bb/ percept. The data of this
study do not support the findings of the other studies
with English listeners, but they are simlar to the produc-
tion data of Telugu speakers (Nagama Reddy, 1985).

Naganma Reddy (1985) states that in Telugu, there exists
no apparent difference between the duration of the vowels
precedi ng voi ced and voi cel ess consonants and that "the
maxi mum di fference found in vowels before voiced and

voi cel ess plosive is about 20 m secs. |In Kannada (Savithri,
1986) the average duration of vowels precedi ng voiced and
voi cel ess are 86,86 and 66,72 respectively for velars and
bilabials with no significant difference. Usha Rani (1989)
reported no change in percept as a function of preceding
vowel duration in Kannada and Hi ndi. Kluender et al.(1988)
used the principle of durational contrast to explain the
conpensatory action for syllables - a Iong vowl should
make a short closure interval seem even shorter and hence
nore voiced and a short vowel should make a |ong cl osure

i nterval seem even |onger and hence nore voicel ess. This
conpensatory action for syllables is not supported by

t hen perceptual data in Ml ayal am Kannada or Hi ndi .
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6. EXPER MENT-111
TRANSI TI ON DURATI ON CF THE PRECEDI NG VONEL AND STCP PERCEPTI ON

| nt roducti on:

Transitions are defined as the novenents of the fornants
whi ch are due to the novenent of articulators fromone
phonene to another. Delattre, Libernman and Cooper (1955);

Li berman (1957); LaR viere, Wnitz and Harriman (1975) and
Wl f (1976) in their experinments, altered the transition of
vowel formants and the results proved the effective role of
transitions in cueing the place of articulation. Harris
(1958) and Dorman and Raphael (1980) also reported the

i nportance of transition durations in the perception of

vari ous consonantal sounds. Walsh, Parker and M|l er (1987)
reported that for any steady-state duration, the nore rapid
the F1/1 decline state, thenore likely the listener isto
perceive it as voiced. The rate of F1/1 decline systematically
effects the perception of (+ voice) in a follow ng stop.

Any change in the FI configuration has cueing val ue, but the
cueing strength of any rate of Fl decline or steady-state
duration i s dependent on the val ue of other cues al so.

A wan (1989) found that the onset value of F1/1 (H,) is an

i nportant cue in discrimnating between the two sounds when

F2/ 2 onset value is held constant at a val ue appropriate for

ei ther pharyngeal or uvul ar.
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There have been some studies in Indian | anguages.
Qupta, Agrawal and Ahnad (1973) suggested that the
transition of initial and final vowels termnating into
t he consonant are of naximal inportance for the recognition
of intervocalic consonants. Tyagi, Agrawal and Pavate
(1987) reported that the rate of the formants 1 and 2
follows in the decreasing order - bilabials, dentals,

retrofl exes and vel ars.

Usha Rani (1989) reported no change in the percept
of bilabial and velar consonants as a function of preceding

vowel transition duration in Kannada and H ndi |i steners.

This experinment ains at determning the role of the
transition duration of the preceding vowel on the percep-
tion on intervocalic consonants / kk, gg, pp, bb/ for
voi ci ng percept differences between sex and | anguage

(Mal ayal am and Tel ugu) and neani ngf ul / nonsense stinuli.
Revi ew.

The studies on transition duration of the preceding
vowel as a cue to the perception of consonants are in

Tabl e 6. 1.
Met hod:

Sti mul us:
The stinmuli prepared by Usha Rani (1989) were used

inthis experinent. (The words /akka/, /agga/, /appa/ and
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/ abba/ were synthesized w th varying precedi ng vowel transi-
tion duration. The four words were uttered by a femal e
speaker, recorded, digitized and stored in a conputer nenory.
The CCV syllables and the initial vowels in the words were
extracted and stored separately. The initial vowels were
anal yzed to obtain their spectral and tenporal characteri-
stics. A paranetric synthesis was perforned by referring

to the val ues obtained fromanalysis of the sane and the

vowel / a/ was generat ed.

[ al of [appal:

The paraneters used were:

Duration (m secs) 0-50 50- 80
F1(Hz) 925 700
F.(Hz) 1400 1367
Fs(Hz) 2646 2625

Durati on (m secs) 0-10 20-70 -80
FoHz) 183 - 235 230
Ener gy 267 400 317

[ al of /[ abba/

Duration (m secs) 0-40 50- 100
F1 (Hz) 967 667
Fo( Hz) 1383 1283
Fs( Hz) 2688 2625

Duration (m secs) 0-20 20- 100
Fo( Hz) 223 233

Duration (m secs) 0-20 30- 80 50- 100

Ener gy 367 483 358
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[ al of [akkal:

Duration (msecs) 0-80 80-120
Fi(Hz) 1038 812
Fo(Hz) 1433 1900
Fs( Hz) 3313 2438
Duration (m secs) 0-50 60- 120
Fo( Hz) 183 235
Duration (msecs) 0-40 50- 110 110- 120
Ener gy 158 383 300

[ al of /aggal:

Duration (m secs) 0-80 80- 140
Fi( Hz) 1000 642
F, (Hz) 1550 2050
Fs (Hz) 3167 2750
Duration (m secs) 0-10 20- 140
F (Hz) 183 235
0
Duration (m secs) 0-40 40-50 50-110  110-140
Ener gy 300 350 400 206

The synthetic vowel s were used to create. /Stimulus / a/ varying
Iintheir transition durations, by truncating, the transiting
portionof F1/ 1+ F2/ 2 and F3/ 3 si nul t aneousl y, i n 10 m secs st eps,
keeping the termnal F;, F, and F; constant. Stinmuli were al so

synthesized with F;, cutback (Fig. 6.1(a) and 6.1 (b)
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FILE:A: P28, 541 STARTING DURATION: 8 ENDING DURATION: 558

—

Fig.6.2as . SyntHESIZED /Area/ WH =20 M.Secs OF TRANSITION DURATION
[Fa,gc.s.btmﬁ VowEL).

67

FILE:aipfe.syt STARTING DURATION: 8 ENDING DURATION: 558

2o 558 15

Fig,.6,2bs SYNTHESIZED saFras :
-SIZED WITH F1 cuT ; o
VOWEL . UTBACK OF THE FRECEDING

Fig.s.r (Ia,b) waveform of some synthetic stimuli,

6B
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T- Tevminal

» Frequency .
) N
o o] 4
-4 :“i T
G ] =} -
'E_‘f F ____Hr 3 g .71L U/ e
a | a | 7
gl =, r— Bl — | —
Y T : ————————
—> T\ME ([ :- - seet] E— ?O_i T\ME [ v+ »misecs]
Fig.6.1(a): Schematic di agram Fig.6.1(b): Schematic di agram
of truncation of Fl1, F2, of Fl cutback /akka/.

26 ng vonal | Takkay <

The synt hesized vowel s were then concatenated with their
respective CCV syl |l abl es of /kka/, /ggal/, /ppa/, and /bba/ to
produce the conplete stimilus word. The nunber of stimli
synt hesi zed wer e: /akka/-5; /aggal/-7; /appal 4; /abba/-7.
Thesedigitized stimuli were random zed, converted to anal og
stimuli and were audi orecorded. Each stinulus was recorded
thrice wwth an interval of 2 sees, between stimuli). Fig.6.2

shows the waveforns of a few stimuli.

Results and D scussi on:

There was no change in the percept of /gg/, /kk/ and
/ pp/ as the duration of the preceding vowel transition
decreased. However, stimuli /bb/ was perceived as / pp/
by Mal ayalammal e |isteners when the transition of the

precedi ng vowel was truncated by 50 msecs and it was perceived
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as / pp/ at truncation duration of 10-50 m secs by Ml ayal am
femal es and 40 msecs by Telugu nmal es. Telugu fenal es did
not report any change in percept. The change in percept
fromvoi ced to voicel ess by sone of these |isteners was not
continuous. F; cutback had no effect on perception. Thus
t he preceding vowel transition duration did not seemto
consistently cue voicing and sex and | anguage differences
were not apparent. Al so, the nmeaningful ness of the stimuli

did not seemto play any role.

The results of this experinent are simlar to the
findings of Usha Rani (1989) and Keating and Bl unstein
(1978) in that shortening the transition duration had no
effect on the percept. Cooper, Delattre, Liberman, Borst
and Gerstman (1952) pointed to a rising first formant as
a cue to voicing and Liberman, Delattre and Cooper (1958)
singled out first formant 'cut back' as a formdable cue
to the English voicel ess stops, but this was not supported
by the results of the present experinent. However, the
precedi ng vowel transition duration mght cue for voicing
I n conbi nation with other cues |ike preceding vowel dura-
tion (Valsh et al. 1987), VOI (Stevens and Kl att, 1974),
rel ease burst and closure duration (Qupta, Agrawal and Ahnad,

1973). Thisneedsto be experinented further.
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7. EXPERI MENT-1V

TRANSI TI ON DURATI ON OF THE FOLLON NG VOANEL AND STCP PERCEPTI ON

| nt r oducti on:

Transition for a follow ng vowel occurs, when a stop
consonant occlusion is released, and the vocal tract shape
associated wth the particular formant resonance, changes
towards the followi ng vowel (Delattre, Liberman, and Cooper,
1955). Research with synthetic speech has reveal ed that
both bursts and voiced formant transitions nmay serve as
separate cues to place of articulation of initial /b,d,qg/.
Many studi es have shown that transitions of the second and
third formants are sufficient cues for the place distinction
(Delattre, Liberman and Cooper, 1955; Liberman, Delattre,
Cooper and Gerstman, 1954). Dornman, Studdert-Kennedy and
Raphael (1977) reported that bursts and transitions are
equi val ent and conpl enentary. Cooper, Delattre, Liberman,
Borst and Gerstman (1952) had al so suggested that bursts
and transitions conplenent each other in the sense that when
one cue is weak, the other is usually strong. The two are
equi val ent but not alterative (Dorman, Studdert-Kennedy and

Raphael , 1977).

This experinment ains to determne the role of the

transition duration of the followi ng vowel on the perception
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of atop consonants for voicing and place. D fference across
sex and | anguages (Mal ayal am and Tel ugu) and neani ngf ul ,

meani ngl ess stinmuli were al so tested.
Revi ew.

Table 7.1 briefly presents the review in various

| anguages.

Met hod:

Sti nul us:

The stimuli prepared by Usha Rani (1989) were used ia
this experinment. (Four stimuli varying in the transition
duration of the vowel follow ng the stop consonants for the
four words /akka/, /agga/, Zappa/, and /abba/ were synt he-
sized. The words /akka/, /agga/, /appa/ and / abba/ were
uttered by a fenal e speaker, recorded, digitized and stored
in conputer nenory. VOC and V follow ng the consonant were
extracted fromthe four words and stored separately. These
final vowels were acoustically analysed to obtain their
spectral and tenporal nmeasures. A paranetric synthesis of
t he vowel /a/ was performed on the basis of the val ues
obtai ned by analysis. The spectral and tenporal characte-
ristics for synthesis of /al are bel ow,

[ al of [akka/:

Dur ati on (m secs) 0- 60 60- 170
Fi(Hz) 775-900 900- 975
F.(Hz) 1600- 1583 1583- 1550

Fs( Hz) 2542- 2646 2646- 2521
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Durati on (m secs) 0-10 10-50 60-170 150-170
FO( Hz) 250 243 235 243
Durati on (m secs) 0-10 20-80 90-170
Ener gy 417 417- 367 367- 300
/ al of /aggal:
Dur ati on (m secs) 0-120
F1( Hz) 725-900
F (Hz) 1683- 1533
Fs (H) 2542- 2604

Fo constant at 235 Hz.

Dur ati on (m secs) 0-40 50-1000 110-120
Ener gy 383 - 350 -292
/ al of [appal:
Durati on (m secs) 0 - 80 -170
Fi( Hz) 783 - 900 -958
F, (Hz) 1317  -1467  -1733
Fs (Hz) 2604 - 2646 - 2646
Durati on (m secs) 0-10 - 40 50-170
F (He) 243 235 228
Duration (msecs) 0-10 -50 -100 -120 -170
Ener gy 600 -500 -4000 -500 - 333
[ al of [abbal:
Dur ati on (m secs) 0-80 90- 200
Fi( Hz) 717- 883 880- 958
Fo( Hz) 1340- 1400  -1525

Fs (Hz) 2583- 2688 - 2688
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Duration (m secs) 0-10 20-150 160-180 190- 200
Fo Hz) 235 228 220 230

Duration (msecs) 0-100 110-140 150-160 170- 200
Ener gy 500 492 -442 -292

The transition durations of these vowels were truncated
si mul taneously for F1/1, F2/2and F3/ 3i n 10 m secs st eps and
various vowel stimuli varying in transition duration were
generated. However,the termnal frequencies and the steady
state frequenci es of R/l, F2/2 and B3 wer e kept const ant
(Fig. 7'l (a).Vowel /al with F1/1 cutback was al so synt hesi zed

(Fig.7.1(b)).

T = Tevminal
]\ FYes:Lu.aﬂL‘:{
2 0 |
= 5 TN i ~| 5 N g
O E '——/ T Vl— &f / £ . N
fd Z =] 2
=) % N D %}' ¢ =Ny —t
£3) T =]
5 4 (o 4
By o Kk o > fx c B ki a,
—_— S TIME [ in » toes] ———3 TIME [ vm.seas]
Fig.7.1(a): (Schematic represen- Fig.7.1(b):Schematic di agram
tation of truncation of of F cutback in /akka/

F1, F2 and F3 transition
durations for the foll ow
i ng vowel in /akka/.
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The synthesized vowel s were then concatenated with
their respective initial VCC syllables to form conplete
stimuli. The nunber of stinuli varying in the transition
duration of the follow ng vowel obtained for each word
were - [/ akkal/-6; /aggal/-6; /appal/-7; and/ abba/-7. The
stimuli were random zed, converted to analog stimuli and
audi o recorded. Each stinmulus was recorded thrice with
an interstinmulus interval of 2 seconds). Fig. 7.2 shows

t he waveforns of some synthetic stinmuli.

Results and Di scussi on

There was no change in perception acconpanied with
reduced transition duration of the follow ng vowels. The
percepts of /kk/ and / pp/ were not continuous. At sone
transition durations the scores were scattered. Table 7.2
shows t he percentage percept with respect to the follow ng
vowel transition duration. The percept /pp/was perceived
as /bb/ at the truncation duration of 30 maecs by Ml ayal am
mal es, 20 m secs by Mal ayal am fenmal es, 0 msec by Tel ugu
mal es and 20 to 40 msecs by Telugu fermal es. F; cutback
had no affect on perception. There was no major differences
bet ween sex andacross | anguages of Ml ayal am and Tel ugu.

The results were simlar to the findings of Usha Rani (1989)

in Kannada and Hi ndi |isteners.



56
FILE:a!fvad8. syt STARTING DURATION: @ ENDING DURATION: 465

Fig. 7.2a: SYNTHES| ZED / AGGAY WTH -50 M Secs OF TRANSI TI ON
DURATI ON ( FCLLOW NG VOMEL ).

84

FILE:aifvpfe. syt STARTING DURATION: @ ENDING DURRTION: 518

210

Fig.7.2b: %YNTI—ESIZED/APPA/ WTH FI QUTBACK OF THE FOLLOW NG

Fir.7.2 (a,b): wavefornms of sone synthetic stimuli.

85
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I n Kannada (Savithri, 1989) the transition durations

for velars and bilabials are as in Table 7.3. There seens

TR 1 TOF2/ 2 TDF3/ 3
k 13 30 8
g 32 31 13
p 15 33 23
b 14 40 24

Table 7.3: Transition durations (follow ng vowel) of first
three formants for velars and bilabials (m secs).

t o be no consi stence i ncrease of F1/1 transition formvoi ced

to voi cel ess. However, F2/2 and F3/ 3 transiti ons wer e | onger

i n voiced than in voicel ess. These inconsistencies in pro-

duction may be reflected in the perceptual responses. Thus,

the transition duration of the follow ng vowel did not seem

to be a sufficient cue for voicing or place.
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8. EXPER MENT-V

VA CE ONSET TI ME AND STCP PERCEPTI ON

| nt roducti on:

VOT is defined as the time difference between the
articulatory rel ease and onset of voicing for the follow ng

vowel .

The VOT neasure provides rather good separation for
| abi al, dental, alveolar, retroflex and vel ar stops across
the variety of |anguage that have two or three distinct
cl asses at each place of articulation (Lisker and Abranson,
1964, 1967) VOI may be said to distinguish the voiced
aspirated (rmurrured) stops of Hndi and Marathi fromvoi ce-
| ess stops but certainly not fromunaspirated stops (Abranson,
1977). Pant (1960) and Lisker and Abranson (1964) reported
t hat honorgani ¢ stops are distinguishable on the basis of

VOT relative to their supraglottal articulation.

VOT has been found to be distinctive in many | anguages
| i ke English (Lisker, 1957), H ndi, Punjabi and Bengal i
(Lahiri, 1980), Polish (Keating, M kos and Ganong, 1981).
However, cross |anguage differences are also found in initial
stops with VOT as reported in English (Lisker and Abranson,
1964) and Dani sh (Fi scher-Jorgensen, 1972).
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I n four-category | anguages |ike Hindi, Marathi, Punjabi
and Bengali. VOT is insufficient to distinguish all stop
categories. In these | anguages, the voiced aspirates are
di stingui shed from voi cel ess aspirates and voiced and voi ce-
| ess unaspirated by a pattern of prevoicing followed by
approxi mtely 100 m secs of silence before resuned phonati on.
The | ead, coincident and |lag VOIs becone inportant in these

| anguages (Ahnmad and Gupta, 1980).

VOT is found to be dependent on the place of articul a-
tion. As the tongue noves back for the articulation of stop,
VOT beconmes longer. This is also true for the perception
of voiceless stop (Delattre, Liberman and Cooper, 1955).

For labials the VOT is 25 m secs, for alveolars 35 m secs.
and that for velars is 40 msecs (Delattre, Liberman and
Cooper, 1955) voiced plosives in English normally have a
short VOT (less than 20-30 m secs) and voicel ess plosives
have rel atively |onger VOTs (greater than about 50 m secs),
(Stevens and Klatt, 1974). In Telugu speakers, VOT
valuesfor/K/ is 35 msecs,/g/ is 25 msecs, /p/ and/ b/ is
20 msecs and it is insufficient to cue the place of articu-
lation or voicing even in case of clusters (Nagamma Reddy,
1985). Usha Rani (1989) reported that VOT not a cue for
t he perception of voicing or clustering for the Kannada and

H ndi |isteners.
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The aimof this experiment is to assess the role of
VOT on the stop consonant perception for voicing. D ffe-
rence anong sex and across |anguages (Ml ayal am and Tel ugu)

and wi th meani ngful and nonsense stinmuli were al so eval uat ed.

Revi ew

The studies related to VOI are in Table 8. 1.

Met hod:

Sti nul us:

The stinmuli prepared by Usha Rani (1989) were used in
this experinent. (Stimuli with velar and bil abial gem nate
stop consonants varying in VOT were synthesized for the
word / akka/ and /appa/. The words /akka/ and /appa/ were
uttered by a fenal e speaker, recorded, digitized and stored
in a conputer nenory. The VOIs for /akka/ and /appa/ were
26.7 msecs and 23.8 msecs respectively. The initial
vowel s along with the closure duration and burst (V+CDt+B)
of the consonants /kk/ and / pp/ and consonant with the
follow ng vowel (VOI+V) were separated fromthe word /akka/
and /appa/ and stored. Stimuli were generated fromthe
(VOT+V) syllables by truncating the initial duration (before
the voicing for the vowel started) in 10 msecs steps, till
t he VOT was reduced to | ess than 10 m secs. Thus four

stimuli, two for each stop were obtained.
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Fig. 8.1: Schenatic diagramof VOT in /akka/.

These stimuli were concatenated with the (V+CDt+B)
stimuli appropriately to create the word (Fig.8.1). These
stimuli were random zed, converted to anal og and audi o-
recorded. Each stimulus was recorded thrice with 2 msecs
interstimulus interval). Fig.8.2 shows waveforns of stimulus

wth different VOIs.

Results and D scussi on:

As the VOT decreased t he percept changed fromvoi ce-
| ess to voiced for velar /kk/. However, it was not so far
bi |l abials, in case of Mal ayalamlisteners. |n case of
Tel ugu mal es the vel ar / kk/ was perceived as /gg/ at VOT
of 10 msecs and the scores were scattered at VOI of 0 m sec.
The bilabial /pp/ was perceived at VOI of 0 msecs and / bb/
was perceived of VOI of 10 msecs. No apparent differences

bet ween sex, and neani ngful ness of the stinulus were noti ced.

(Tabl e8. 2)
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FILEA:VOK. 18 STARTING DURATION: @ ENDING DURATION: 343

545 1

Fig.B8 2@ SYNTHESIZED /AKKA/ WITH -1@ M.Secs OF VOT.

qq

FILE:#:V0P.28 STARTING DURATION: @ ENDING DURATION: 338

330 nS

Bg1’1“'.‘“"MMhamuvwﬂwwwwwwﬁuwwwnvw%w

Fig.B.,2b8 SYMIHESIZED /AFFPA/ WITH —20 M.Secs OF VOT.

Fig.8.2 (a) (b) waveforms of stimulus with different VOTs.
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Part of the findings in both the |anguages are in
accordance with the studies of Lisker and Abranson (1964,
1967), Abranson (1977) with English subjects and
Vanden Berg (1988) with Dutch subjects, and part of them

are not.

Onh the studies in Indian | anguages Abranson (1977)
reports that VOI cannot separate the voiced aspirated
stops fromunaspirated stops. Naganma Reddy (1985) reporte
equal VOTs of 20 msecs for /kk/, /pp/ and /gg/ in Tel ugu,
Li sker and Abranson (1964) reported a VOI of 18 m secs and
above for /k/ in different |anguages including Tam| and
H ndi. The average VOT for / p/ was found to be 0 to 13 in

various | anguages.

The perception of velars by Ml ayal am and Tel ugu
|isteners is simlar to that of other |anguages but the
perception of bilabial in Telugu males is in contrast to
the earlier studies in both Indian and forei gn | anguages
inthat stimulus with greater VOIs (10 msecs) was perceived
as voiced. The results of present study are in accordance,
with that of Usha Rani (1989),where she reported that VOTI
was not a cue for the perception of voicing in Kanada and

H ndi .
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VOT has been cited to cue for voicing and pl ace of
articulation (Lisker and Abranson, 1964, 1967). In
this study the percept did not change probably because
of the forced choi ce and because VOT of 0 and 10 m secs
were used. VOT of /k/ is nore than 18 msecs in diffe-
rent | anguages (Lisker and Abranson, 1964). Thus in
t hese two | anguages VOT was not sufficient to cue voicing
and place and a major |like the closure duration mght be

operating as a cue for voicing.



69

9. CGENERAL D SCUSSI ON

The effect of five tenporal parameters, closure dura-
tion, preceding vowel duration, transition durations of
t he preceding and follow ng vowel s and the voi ce onset tine,
on the perception of bilabial and vel ar unaspirated nmedi al
gem nate stop consonants was studied i n Mal ayal am and
Telugu listeners and the results were conpared with the
findings of Usha Rani (1989) for Kannada and H ndi |i stener,
production data in Telugu (Nagamma Reddy, 1985) and studies
i n ot her | anguages (Lisker and Abranson, 1964; Abranson,

1977).

O the five paraneters closure-duration was found to
be an inportant cue for voicing and clustering. The other
paraneters were not found to be sufficient to bring a change
in the percept on their own. Thus the results of this
study did not support the earlier findings that VOI, preced-
ing vowel duration cue for voicing. On the basis the
findings of this study the different paraneters can be
divided into two groups. The closure duration being the
maj or cue whil e the other paraneters, precedi ng vowel dura-
tion transition durations of the preceding and follow ng

vowel s and VOT being the m nor cues.
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It mght be possible that the mnor cues interact
anong t hensel ves or conbine with the major cue to signa
a particular percept. Kl uender,D ehl and Wi ght (1988)
suggested that the |anguage communities intentionally
vary vowel length in order to enhance auditorily the
closure-duration cue for voicing distinctions. By the
principle of duration contrast, a |ong vowel should nake
a short closure interval seem even shorter and hence
nor e voi ced, whereas a short vowel should nake a | ong
closure interval appear |anger and hence nore voi cel ess.
Dor man, Studdert-Kennedy and Raphael (1977) suggested
that an increase in tine taken for the consonantal rel ease
(closure duration) leads to an increase in the tine taken
for devel opnent of a transglottal pressure drop sufficient
toinitiate voicing, and so to an increase in VOI. |If
VOT is increased, transitions into the follow ng vowel
may be largely conplete at the voicing onset, so that the
duration of devoiced transitions is increased. Stevens
and Klatt (1974) reported a significant trading rel ation-
ship between VOI and transition duration of the fol |l ow ng

vowel .

The functional equival ence of rel ease bursts and
transitions have been al so reported by Raphael (1977).
Wal sh, Parker and MIler (1987) suggested that the cueing
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strength of any rate of F; decline or steady-state dura-
tion of preceding vowel is dependent on the value of the

ot her cues. Wardrip-Furin (1982) suggested that in addi-
tion to the preceding vowel duration the voicing during
the closure may be required to di sanbiguate the find voi ced

st ops.

Inthe light of above studies, it is clear that in
nat ural speech, change in one paraneter brings a change
in the other as all these paraneters are related to each
other. In the present study change in one of the m nor
cues was not sufficient to bring a change in the percept
per haps because all the other four paraneters were kept
constant. For closure duration of 30 msecs and | ess the
per cept changed fromvoicel ess to voiced even in the

absence of voicing during closure.

Only the percepts of closure-duration and VOI were

i n consonance with the product-data given by Nagamma Reddy
(1985) and Savithri (1989) out of the five tenporal para-
neters selected for this study. The four m nor paraneters
were not sufficient to cue for voicing and this goes al ong
with the findings of Nagamma Reddy (1985) in Tel ugu
speakers. Production data in Ml ayal amwas not avail abl e
for conparision with the perceptual data. The results of

this study al so supported the findings of Usha Rani (1989)



in that only closure-duration was found to be a definite
cue for voicing and clustering. Thus, it seens that the
findings of this study partially support the notor theory
of speech production, because of the simlarities in

perception and production seen in Telugu | anguage.

Some differences across the | anguages and sex were
observed but these differences were not apparent. The
word /appa/ was neani ngful for sonme of the Ml ayal am
listeners and /akka/ was meani ngful for Telugu |isteners.
Rest of the words were nmeani ngless for both Ml ayal am and
Telugu |isteners. However, apparent differences energed no
on the semantical basis in this study. These findings
further need to be confirnmed by enbeding the synthetic
words in natural sentences in different |anguages and
evaluating it for perceptual judgenent by native speakers.
If the perception is at the |level of words and semantics
does not play significant role, as seen in this study,

t hen, no change in percepti for the synthetic words
enbedded in natural sentences in different |anguage context
can be found. On the other hand if semantics, does play
aroleor if the listener, on hearing the word of his

| anguage, switches to his | anguage code, mmjor differences
across | anguage coul d be observed. Also, nultiple cues
coul d be changed sinultaneously as in the production dat*
to evaluate the effectiveness of each feature by its own

or as an interactive cue for a given speech sound.
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10. SUVMARY AND CONCLUSI ON

Human speech perception is a topic of research since
four decades and still the process of speech perception is
for from being understood. The know edge fromthe speech
production studies that the acoustic cues of the speech
sounds differ from | anguage to | anguage has triggered many

studies in speech perception across |anguages of the worl d*

This study was ainmed at evaluating the cueing strength
of closure duration, preceding vowel duration, transition
duration of preceding and follow ng vowel and VOT for the
perception of medial gem nate unaspirated bilabial and vel ar
stop consonants in Ml ayal am and Tel ugu slisteners and
conpare the results with the findings of Usha Rani (1989)

anmong t he Kannada and Hindi |isteners.

Four Kannada words with gem nate bilabial and vel ar
stop consonants (/akka/, /aggal/, /appal/ and /abba/) where
taken for the experinents. OQut of these four words /akka/
was neani ngful in Telugu /appa/ was neani ngful in Ml ayal am

and / abba/ and /agga/ were neani ngl ess inboth the | anguages.

The test stimuli synthesized by (anal ysis-by-synthesis/
synt hesi s-by-rul e nethod) Usha Rani (1989) were used. Five
di fferent experinments were conducted for each of the para-

meters nentioned earlier. The first experinment dealt with
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closure duration (92 stimuli), second with precedi ng vowel
duration (12 stimuli), third with preceding vowel transi-
tion duration (23 stinuli), fourth with foll ow ng vowel
transition duration (26 stimuli) and the last with VOT

(4 stimuli). Intotal therewere 157 stimuli, each audi o-
recorded three times with an interstinmulus interval of two
seconds and were givenfor the perceptual judgenment of 20
subj ects. Ten native Nalayalam (5 nales and 5 fenal es)
speakers in the age range of 17-18 years and tea native
Telugu (7 males and 3 fenal es) speakers in the age range
of 17-19 years participated in the perceptual judgenent.
Al of themhad arrived in Mysore within one nonth and had
no exposure to Kannada. Al the subjects were tested indi-
vidually and were instructed to sel ect one of the four

f or ced-choi ce percept for each stinmuli.

The effect of tenporal paraneters were evaluated in
terns of voicing and clustering features of stop consonants.
The other variables in the study were sex, |anguage variation

andhrole of senmanticity.

The following were the results:

1. The percept changed fromcluster to non-cluster as the
cl osure durati on was reduced.

2. The percept changed fromvoicel ess to voiced as the

cl osure duration was reduced.



3. Presence or absence of voicing during closure played
an inportant role in perception, although, it was not
a paraneter under study.

4. Preceding vowel duration, preceding vowel transition
duration, follow ng vowel transition duration and
VOT were found to be insufficient to cue for voi cing.

5. Semanticity (neaningful vs nonsense words) did not
seemto play any role.

6. No apparent differences were found between nal es and
femal es and across the two | anguages under st udy.

7. The results of this study were simlar to those of

Usha Rani (1989) in Kannada and H ndi speakers*

It can be concluded that the closure duration and
presence or absence of voicing are the major cues for the
perception of voicing and clustering, while the other
paraneters turned out to be the mnor cues. The m nor
cues probably interacting together or along with the najor

cues may signal the distinction between two phonenes.

The participation of semantic processing involving
t he hi gher cortical areas (Wernicke's, Supranarginal and
angul ar gyrus) was not indicated by the results. It is

suggested that the interaction of the different cues shoul d
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be studied by enbedding the synthetic words in natural
sentences and al so anong the patient groups with |esion
in specific areas of the auditory systemto gain a better

under st andi ng of the process of speech perception.
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