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| NTRODUCTI ON

"Anyone who has tried to work in this area will attest to the
ingenuity, skill and patience required in conducting rigorous
experinments with immture responders (children)..."
- Yeni - Konshi an and Fer guson(1980)

Speech is a fascinating human attribute that can be
anal yzed, synthesized and recognized; it can also be conpressed,
stored and enhanced by digital signal processing techniques.
Speech seens alnobst a by-product of evolution since no organ

concerned in generating speech is uniquely dedicated to this

t ask.

Speech may be defined as a form of oral comrunication in
which transformation of information takes place by nmeans of
speech waves which are in the formof acoustic energy (Fant,
1960) . The processing of speech signals with in the existing
constraints of natural | anguage has interested and excited
scientists for many years. The ear seens to be custombuilt for
the purpose of detecting and analysing sounds. The speech
signals which are long spurts of a conplex and constantly
changi ng stream of sounds radiate fromthe speaker's |ips, trave
in air, inpinge upon the ear drum of the listener and reach the
hi gher cortical structures through mddle and inner ears and the
auditory pathway. The speech signal is analyzed at |ower centres
[below the thalanmus level] to sone extent and processing of

specific speech paranmeters and other conplex acoustic features of



natural stinmuli begins only at the level of nedial geniculate
body [M3B] which is located in the thalanmus (Kiedel, Kallert,
Korth & Hunes, 1983). The linguistic conponents are added only
at the higher <centres of the cortex to the already analyzed
signal to reconstruct the percept intended by the speaker. When

the |listener has reconstructed this signal (i.e. decoded and

i nterpreted) speech perception is said to have occured.

Speech sounds are varied and have nunerous acoustic cues.
It seens that the auditory system depends on some of the acoustic
cues of the speech sounds to identify and thus to perceive it.
From the speech production studies it is known that speech sounds
have different acoustic cues like the formants, their bandw dths
and levels, Fundanental frequency(Fo), energy, duration of
cl osure, preceding vowel duration,(PVD), burst energy and voice

onset ti me(VOT).

In nost of the speech perception studies, speech sounds are
reconstructed fromtheir known spectral and tenporal paraneters
and presented to the listener's for j udgenent . Vari ous
paraneters of the acoustic signal can be altered individually or
in conbination to evaluate the effect of their cues on listener's
per cepti on. The paraneters that characterise the speech sounds
are considered to «cue the perception of those sounds. The
different techniques used in the perceptual studies are Analysis
by synthesis [Halle & Stevens, 1959], articulatory studies
[ Fant, 1960] and synthesis by rule [Flanagan et.al 1970] . These

techni qgues have been used to assess the role of tenporal



paraneters |like VOT [Lisker 1978, Lahiri 1980, Keating, M kos
Ganong 1981, Wnitz et.al 1975], closure duration [Lisker 1977,
Gupta, Agrawal & Ahnmed 1973, Savithri 1989, Usharani 1989, Vinay
Rakesh 1990, Van den Berg 1988, Fisher-Jorgensen 1979] transition
duration [Summerfield & Haggard 1977, Dorman & Raphael 1980] and
spectral paraneters |ike F1 onset frequency, F2 onset frequency

[Lisker 1978, Alwan 1989] etc. within and across | anguages.

The nmmjor areas of interest in speech perception have been
speech perception in adults, speech perception in children and
speech perception in the «clinical population. Until fairly
recently the study of speech sounds perceived and produced by
children was a rather Iimted field of research. Interest in
child phonology cane from several sources such as general
interest in child devel opnment, professional concern with |anguage
or speech problemrequiring special education or therapy, or
linguistic speculations about the relation between phonol ogica
devel opment in the child and sound change in | anguage. Unl i ke
adult subjects, children are harder subjects and this area

presents wi th nethodol ogi cal problens.

A related problemis the nature of phonemc perception in
children i.e. does the child respond differently to a given
phonetic contrast when the contrast is tested by use of known
words and nonsense words [Gaham & House 1967, Tikofsky & Ml nish
1968] . The relation between perception and production is another

topic of concern. Crosslinguistic research is one way of



investigating the effects of exposure to a given phonol ogica
system on the perception and production of phones from another
phonol ogi cal system [WIllians 1980]. Another avenue of research
in this area is the systematic conparison of children's
production to their perception of the sane phonetic contrasts
[Zlatin & Koeni gsknecht 1976, Broen et.al 1983, Lehman & Sharf
1989]. Such an approach is useful for investigating the phonol ogy

of normally devel oping children and | anguage del ayed chil dren.

While studies of Broen et.al (1983) Hoffrman et. al (1984),
Krause (1982b), Meynuk & Anderson(1969), Ohde & Sharf (1983,
1984), Zlatin & Koeni gsknecht 1975, 1976) support that there is a
relation between perception and production, Straight (1981)
considers that it is not necessary to assune a common basis for

perception and production.

There are only a few studies on perceptual developnent in
children. Zlatin & Koeni gsknecht (1975) made the first attenpt to
i nvestigate the perceptual devel opnent of the voicing contrast in
2 year old children, 6 year old children, and adults. Thirty
ei ght VOT variants ranging from -150 to +150 nsecs were given to
ten 2 vyear old children and ten six year old children and 20
adul ts. The results indicated that the 2 year old children
shifted their identification from/g/ to /k/ at a significantly
later nmean lag tine than both 6 year old children and adults.
Al so, conparing this wth the production data of the sane

subj ect s, Zlatin et.al stated that a correspondence between



perceptual identification categories and production VOT values
exi st ed. Mosl in(1976) found that voicing contrast is achieved
by 1.3 to 2.8 years. In contrast, Bailey & Haggard (1980) found
low correlation between production and perceptual VOI category
boundary for 20 to 50 nonths old children. Anong I ndi an
| anguages, Shanthi et.al(1991) in a study on the effect of
reducing closure duration(CD) on the perception of place and
manner in 4-11 year old Kannada speaking children reported an
i ncosi stent devel opnental trend. However, one of the wunresolved
issues in the current explanations of phonol ogi cal devel opment is
the relationship of the child s perception of phonem c contrast

to his or her production of those contrasts.

Some experinents have studied only small nunber of children
and have utilized informal testingprocedures in which the exact
nature of the stinmuli are not specified. OGhers [Zlatin &
Koeni gsknecht 1975] exam ned only children who have acquired the
contrast that is being tested and at discrete age groups i.e. 3

years, 6 years and adults.

Al though these sources of data are wuseful, there is a
pressing need for both cross sectional and |ongitudinal studies
with groups of children of sufficient size to allow atleast
prelimnary general i sation about devel opnent of speech
perception. It is also of equal inportance that the study utilize
stimulus materials that allow for the precise specification of

the acoustic phonetic dinmension that children "do" and "do not"



differentiate at various stages of developnent and also in

di fferent |anguage environnments.

In this context the present study was planned. It ainmed at
evaluating the effect of reducing the closure duration on the
perception of voicing in stop consonants in 3 year to 6 year old
Kannada speaking children. Specifically the study ainmed at

determ ning -

(i) the developnental trend in the perception of cl osure
duration as a cue to voicing of stop consonants (p,t,t,& k)

in 3 to 6 year old Kannada speaking children,

(ii) the effect of linguistic syllabic boundaries i.e. whether
bi syl | abi c and trisyllabic boundaries i nfl uence t he
perception of voicing of stop consonants in nedial position

in 3-6 year old Kannada speaking children,

(ii1) the <changes across the place of articulation in closure
duration needed for change in perception for 3 to 6 year old

Kannada speaking children, and

(iv) the concurrence of perception data with production data on

closure duration for stop consonants.
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REVI EW OF LI TERATURE

Stop consonants are produced by occluding the oral cavity by
an articulator. Ar is held behind the articulation for sonetine
and then is released. The stops represent the nonlinearity of
t he speech production system They also denonstrate t he
redundancy of acoustic cues available to distinguish speech
sounds. The nature of stop perception provides the best exanple
for listener's wuse 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 & Vigorito 1973].

The salient features of stop consonants are:

(1) A period of occlusion (silence/voiced)

(2) A transient explosion (usually less than 20 nsec) produced by
shock excitation of the vocal tract upon release of
occl usi on,

(3) A very brief (0-10nsecs) period of frication as articulators
separate and air is blown through a narrow constriction as in
the honorganic fricative,

(4) A very brief period of aspiration (2-20nsec) w thin which my
be detected noise excited formant transitions reflecting
shifts in vocal tract resonances as the main body of the
tongue noves towards the position appropriate for t he

followi ng vowel,



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

cycles of laryngeal vibration (FlIGURE-1)

FIGURE-1 Spectrogram depicting the salient features of /k/
(1) period of occlusion
(2) period of frication
(3) period of aspiration

(4) voiced formant transition into the follow ng vowel

Several experinments have been conducted to investigate the

perceptual cues of stop consonants in normal adults and children



and in handi capped popul ation. The various paraneters studied

can be listed under the spectral and tenporal characteristics.

The spectral paraneters include:
(a) burst anplitude
(b) burst frequency
(c) Fo change in the succeedi ng vowel
(d) Frequency of formants 1,2,& 3
(e) Bandwi dth of formants 1,2, & 3.
(f) Direction of second and third formant (F2 & F3) transitions.

(g) Voicing during closure

The tenporal paraneters include

(a) preceding vowel duration (VD PVD)

(b) closure duration (CD)

(c) voice onset time (VOI)

(d) voice offset tine

(e) stop consonant duration

(f) off glide duration of the first formant F1
(g) off glide duration of the second formant F2

(h) burst duration (BD)

Voicing cues in stop consonants have been extensively

studi ed and the various cues are:

(a) presence or absence of |ow frequency voice bar
(b) presence or absence of noise indicating aspiration

(c) change in first formant onset tine



(d) preceding vowel duration
(e) closure duration

O these, closure duration is the interval of stop closure
indicating the time for which the articulators are held in
position for a stop consonant. FIGURE-2 depicts the closure

duration for voiced and voicel ess stop consonants.
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FI GURE- 2 Spectrogram depicting CD and VOT for /b/ & /pl.

Voice Onset Time (VOT) is defined as the tenporal interval
between the beginning of stop release burst and onset of
periodicity [Flege & Eefting 1986]. For a voiced stop consonant,

closure duration (CD) is synonynous to Lead VOT.
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As the present study is on closure duration as a cue for
voicing of stop consonants, this reviewis restricted to the
studies on the role of closure duration as a cue to the
perception of stops which is dealt under t he fol | owi ng

subheadi ngs.

(1) CD as a cue for voicing of stop consonants in adults.
(2) CDas a cue for of stop consonants in children.
Also as lead VOT is equivalent to closure duration, studies on

lead VOT will also be dealt wth.

1] CLOSURE DURATION AS A CUE FOR VO CI NG OF STOP CONSONANTS IN
ADULTS:

CD has found to cue voicing, place of articulation and
manner of articulation. Also, it has been reported to trade with
spectral cues. Wiile Lisker(1978), Price & Lisker(1979) Lisker &
Price(1979), Port(1980), Raphael (1981), Price & Sinon (1984),
Ushar ani (1989), Cazals & Palis (1991), Vinay Rakesh (1990)
studied CD as a cue to voicing, Fischer - Jorgensen (1979), &
Repp(1984) studied the effect of varying CD on the perception of
place of articulation. CD as a cue to stop manner has been
reported by Dorman et.al (1979), Bailey & Summerfield(1980),
Fitch et.al(1980) & Datta(1989). Port (1979) considers CD to
trade wth spectral <cues for the perception of place of
articul ation. Also lead VOI has been studied by Keat i ng

et.al (1981).



a) Cl osure duration as a voicing cue:

Li sker in 1978 studied the perception of synthetic stop
consonants and concluded that there are significant differences
anong subjects to the extent in which their |abelling of silent
CD as /p, t, klI or /b,d, g/ are duration controll ed. At short
durations subjects perceived voiced stops and at longer CD
subjects perceived VL stops. Al so, the response patterns
differed in crossover values and clearness of category separation
when different tokens of same words serve as stinmulus sources.
Wen the two places of articulation, | abial and velar are
considered, the nature of closure interval - silent Vs buzz
filled seens a nore reliable predictor of [|abelling behaviour
than does duration. The perception of labially produced closures
as alveolar flaps when the duration are very short depends at
| east partially on the failure of alveolar flap articulation to
produce place cues clearly distinguishable from those of bilabial

stop articulation.

In contrast, Lisker & Price's (1979) study showed that there
is a context in which the manipul ation of closure duration has a
rather different phonetic outcone, where in fact a |onger
duration is reported as /d/ and a shorter as /t/. The word pair
/center-sender/, where the nmedial consonants are described for
many varieties of Anerican English as a nasalized flap in one
case and as a sequence of nasal plus stop in the other is such a
cont ext . Shortening the oral voiced closure of sender vyields

center when the closure is reduced to 40 nsec or | ess.
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Port(1980) studied V/C cue ratio as a post-vocalic voicing
cue. Synthetic stimuli of the words /dibber/ and /dipper/,
created with five durations of dib (140 - 260 nsec) and nine
medi al stop closure durations (20-140 nmsec) were identified by 16
listeners. The boundary along the stop duration continuum was
different for each /dib/ duration, but when plotted as the ratio
of the stop closure to the preceding vowel, all curves were
superinposed. In a matching experinent with /digger-dicker/, the
sane effect was found except that the V/C cue ratio boundary was
different for the velar as was expected from production results.
These findings, simlar to the vic - vc syllable type contrasts
in other gemnate |anguages inply that the voicing effect on
precedi ng vowel s cannot be handled insightfully w t h a
post segnental tenporal inplenentation rule that nodifies the
vowel since production and perception data agree that the
phonol ogically relevant parameter is an abstract ratio between

these two intervals appropriate for a particular context.

Raphael (1981) questioned the efficacy of i ndi vi dua
acoustic cues to word final stop cognate perception in naturally
uttered syllables isolated from their original context and
whether the ~context in which such syllables occur contain
acoustic information i.e. perceptually relevant to stop cognate
opposi tion. Naturally produced tokens of the word /peg/ were
excised fromtw different contexts and acoustically analyzed.
One representative token from each context was then edited in
several ways in order to ascertain the cue values of a nunber of

vari abl es. The stinmuli were tested in isolation, in their



original context and in contexts from which the word /peck/ had
been del eted. They were given to two groups of subjects of 5
menbers each, one experienced in perceptual studies and other
naive |isteners. The results of the experinent indicated t hat
the nunber of variables can be a sufficient cue to cognate
opposition and that the efficacy of a particular cue depends in a
|arge neasure both on context fromwhich it was extracted and
context in which it was heard. They also found the CD was
generally a sufficient cue for voicing while the VD is an
idiosyncratically sufficient cue for voicing. The inplication of
t he st udy was on discovering and describing a gener al
articulatory strategy underlying both production and perception

of cognate opposition.

Price & Sinon (1984) explored silence durations from 35-125
msec in four steps and established that on decreasing silence
duration, normal hearing young adults perceived voiced cognates.

Cazals & Palis (1991) investigated the perception of voicing of

an intervocalic plosive for a natural speech sanple "aka" as a
function of occlusive silence duration. 20 normal hearing
subjects participated in this study. The CD was cut in 20 nsec
step from 0-200 nsec. For all normal subjects the perceptive
change occured over a range of about 60 nsec to 120 nsec show ng

CD is an inportant cue to voi cing.

Ushar ani (1989) ainmed to determne the effect of closure
duration on the perception of nedial gemnate unaspi r at ed

bilabial and velar stop consonants across the |anguage groups
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Kannada & Hi ndi. Four neani ngful Kannada words with the gem nate
bilabial and velar stop consonants (akka, agga, appa & abba)
synt hesi zed by analysis by synthesis and synthesis by rule nethod
were the stimuli. Ten native Kannada speakers and five native
H ndi speakers served as subjects. CD of the stop consonant /Kkk,
gg, pp and bb/ was varied in these test words by truncating the
CD in 10nsec steps. It was found that when CD was reduced,
percept changed from cluster to non cluster and voiceless to
voi ced. Vinay Rakesh (1990) using the sane stinuli as Usha Rani

reported simlar findings with Telugu and Mal ayal am speakers.

(b) CD as a cue for place of articulation:

Price & Lisker (1979) studied the acoustic invariance
guestion in an observed asymetry in the effect of closure
mani pul ation on naturally produced tokens of /rapid & rabid/.
Shortening the /[/p/ <closure has relatively little effect and
| engthening the silence in /b/ closure produce a decisive shift

in labeling from voiced to voicel ess.

Fi scher-Jorgensen (1979) used synthetic CV syllables /p,t,k/
& /b,d,g/ produced by synthesis by rule in Danish. A forced
choi ce percept of the syllables was given. The results indicated
that CD increased from/g/ to / b/ percepts inplying CD cues the

pl ace of articulation of stop consonants.

Repp (1984) studied the perception of stop consonants in a

consonant neutral (s-1) context in English. Truncated natura
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I'pl, /t/ & Ikl release bursts at two intensities were preceded by
variable silent closure intervals. Ten subjects listened to the
stimuli and identified in witing as beginning with /sl, spl

stl or skl/. The bursts though spectrally distinct, conveyed
little specific place information but contributed to t he
perception of stop manner by reducing the anmount of silence
required to perceive a stop (relative to a burstless stinulus).
Burst anplitude was a cue for both stop manner and place, higher
anplitudes favoured /t/, |ower anplitudes favoured /p/ responses.
The silent closure interval, a mmjor stop manner cue, energed as
the primary place cue in this situation. Short intervals led to
/t/, long ones to /p/ responses. Al these perceptual effects
pr obably reflect listener's tacit know edge of systematic

acoustic differences in natural speech.

(c) CD as a cue to Manner of Articul ation:

Dor man, Raphael & Liberman (1979a) on using synthetic speech
stimuli /Spel/ & /Ske/ found that when CD was less than 20 nsec
listeners reported no stop consonant and thus only | Sel
responses. If the duration was nore than 40 nsec then stop was
hear d. The sane investigators in (1979b) studying the duration
of silence between s & 1 in /slit/ found that intervals |ess than
6 nmsec were perceived as /slit/ and at longer intervals of

450nmsec, /split/ was perceived.

Fitch, Halves & Erickson & Liberman (1980) wused synthetic

/slit/ & /Split/ produced by synthesis by rule in English. The
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silence interval was varied from 8-160nsec in 8nsec steps. Using
a forced choiced identification of /slit/ & /split/, it was found
that silent duration was effective in contrasting "slit" from
"split". As the silent durations increased, judgenments shifted
from /slit/ to /split/. The smallest shift was 8nsec and the

hi ghest was 40nsec.

Datta (1989) wusing natural speech /Stri/ and /Sri/ in
Bengali found that when silence between /S/ & /tri/ was renoved
|isteners perceived /Sri/. Also, when silence of about 30nsec

was introduced between /' S/ & /ri/ it was perceived as /skri/.

(d) CD Trading and Spectral Cues:

Port (1979) exam ned the formant trajectories of /rabid/ &
/[ rapid/ and suggested that while CD were quite distinct, the
formant trajectories were not. Sone evidence was al so found that
in bilabial stops, the CD was not normally shorter than 30nsec.
Thus, it seens that when C. D was |ong enough, so that either lip
or tongue tip could have produced the stop, the spectra
informati on dom nated and 16 |isteners heard bilabial stop. But
when CD was shorter than a possible labial stop duration, cues
become unanbi gous and was apparently not contradicted by the
spectral information. He also opined that if CDis a major cue
to the nunber of stops between vowels it mght also serve as a

distinctive cue to a particular place of articulation.
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2] CLOSURE DURATI ON AS CUE FOR STOP CONSONANTS | N CHI LDREN

Studies on child perception have been evolved wth the
intention of searching an answer for the basic questions - Viz.
(1) Is the «child perception simlar to adult perception or
different? (2) Does the child perceive the adult speech in the
sane way as he perceives the children's speech? (3) Is there a
devel opnental trend in the perception? (4) Does this devel opnent

trend in perception correlate with that in production?

Studi es have continued as these questions remain unanswered.
Two views are prevalent in the area of child perception. Wi | e
one view is that the child's production and perception are

related, the other viewis that they are independent.

Zl atin and Koeni gsknecht (1976), Chaney (1978), Strange and
Broen(1981), Krause (1982h), Br oen, St range, Doyl e,
Hel I er (1983)and Menyuk & Anderson(1969), Hoffnman, Dani | of f,
Al phonso, and Shucker (1984), Hoffman, Daniloff, Bergon &
Shuckers(1985), Onhde & Sharf (1983, 1984) all support that there
is a relation between perception and production. However, Straight
(1981) considers it unnecessary to assune a combn basis for
perception and production and instead proposed that the two
systens can use information from both systenms in nmaking various

j udgenent s.

In support of these two views, studies which involve only

production or perception in children and studies which involve
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both production and perception in children have been conducted.
VOI studies are the major ones discussed followed by those

i nvol ving | anguage differences and devel opnent of CD perception.

(a) CD/VOT as a voicing cue:

W nterkorn, Macneilage & Preston (1967) used five selected
VOT stimuli wth 3 year old children and found that they were
able to differentiate between apical stops when VOT differed by
at least 25nsec. In this study, inference regarding t he
perception of VOT differences between Voiced and Voicel ess apica
stops were based on the children's ability to imtate synthetic

CV syl |l abl es.

Yeni - konshi an, Preston, Cullen (1967) studied the perception
of VOT difference between Voiced and Voi cel ess apical stops based
on the children's ability to imtate synthetic CV syllables. The
authors presented a greater nunber of stinuli, and found that
majority of their 5 & 6 year old children did not denonstrate the
ability to distinguish between apical cognates in the manner
consistent wth the above study. In fact only 4/12 subjects
evi denced phonene boundari es between voicing categories at about
+35 msec on the sane stinmuli. Oher children gave a singular
response to all VOT variations [for Eg. /da/] or produced sounds
which were not always consistent with the stop consonants /t/ &

/dl [for eg. /h/] closure.
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Perceptual ability in children has al so been assessed with
conbi ned identification and discrimnation. Wlf (1973) found that
VOT continuum di scrimnation functions for eight Kindergarten and
ei ght second grade children were consistent with their

identification functions, wth good discrimnation of cross

category stimuli, and chance discrinmnation of wthin category
stimuli. Phonene boundary wi dth for Kindergarten subjects were
27.72 nsecs and second grade was 23.77 nsec. Difference |I|inen

(msec) was 6.63 nmsec for Kindergarten children and 4.50 nmsec for

second grade.

Simon(1974) found results in support of a relation between
perception and production of speech in subjects aged 6 to 14
years of age. He also found significantly |larger difference
linens as a function of age. The phonene boundary w dth was
between 15 and 20nmsecs and difference linen for 4-6 year old was
less sharp than 14 year ol ds. He expected that the younger
children should have |ess sharp boudaries since these children
have only recently acquired sone confidence in manipulating the
adult phonol ogical system and are still not very sure of

thensel ves in extrene situations of forced choices.

Kewl ey - Port & Preston (1974) found that in the acquisition
of productive control over VOI, children appear to progress
through three devel opnental stages. During the first stage,
children do not distinguish between Voiced and Voi cel ess stops,

producing both wth short |ag range. In the Second stage,
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children begin to differentiate between the two stop categories
but enploy VOT values that are nore variable and exhibit nore
overlap than the conparable adult VOT val ues. In the fina
stage, the amount of overlap between the VOT values for the two
stop categories decrease, assumng a nore binodal distribution.
G lbert (1977) reported the same results as Kewey - Port &
Preston (1974).

Zl atin & Koeni gsknecht (1975) designed a st udy to
i nvestigate the perceptual devel opnment of the voicing contrast in
2 year old children, 6 year old children and adults. An
underlying hypothesis of this research was that there is a
progressive change in the ability of children to make
linguistically relevant discrimnations between honorganic stops

on the basis of variations in VOI.

Meani ngful  nonosyl | abic speech stinmuli were generated for
four VOT continua on the Haskins |aboratories conputer controlled
par al | el resonance synt hesi ser. The VOT  continua for
identification of voiced and voiceless |abial, apical, and Velar
stop consonants included bees/peas, bear/pear, dine/tinme and
goat/coat which were picturable. Thirty eight VOI variants
ranging from -150 to +150 nsec were synthesised for each of the
four continua subjects included 20 adults, 10 tw year old
children and 10 six year old children. A total of 150 judgenents
(10 occurences of 15 stinuli) on each conti nuumwas analyzed for

each subject. For |abial and apical continua values in b5nsec
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steps ranged from O or sinultaneous onset of the burst and
voicing to +60 and in 10 nsec steps from +60 to +80 nmsec voicing
| ag. The stimuli for velar continuum ranged from +25 through

+135 in 5nmsec steps to +60 and in 10 nsec steps thereafter.

Four identification function for the | abial [ bees/ peas,
bear/ pear], apical [dinme/tinme] and velar [goat/coat] stop
cognates were plotted for each subjects. Four neasurenments were
obtai ned from each of these functions - VOT 50% crossover, |ower
[imt of phonene boundary, upper limt of the phonenme boundary
and phonene boundary wi dth. MANOVA was used to test age effects
for each of these four criterion neasurenents. The results
indicated that 2 year old children shifted their identification
from /g/ to /k/ at a significantly later mean lag tinme than both
6 year old children and adults. Exam nation of the crossovers
for individual subjects wthin each age group on the velar
conti nuum i ndi cated that 60% of 2 year old, 30% of 6 year old and
30% of adults had crossover values between +67 and +76 nsec. The
remaining individuals 1in the latter two age groups evidenced
earlier crossover. By contrast, the remaining tw year olds
showed crossover values in excess of 76 nsec. No significant
differences were found between the 6 year old children and the
adults on the velar continuumand all three groups evidenced

simlar mean crossover tinmes for |abial and apical cognates.

Results also indicated that there was a difference anong the

three age groups with respect to velar boundary limts. No age



- 23 -
effect was shown in conparison of Ilower and upper phonene
boundary limts for labial and apical stinuli. On the wvelar
continuum 2 year old children displayed l|ater [|ower boundary
[imts than the 6 year old and |ater upper boundary limts than
six year olds and adults. The 6 year olds and adults evidenced

simlar boundary term nations.

Zlatin & Koeni gsknecht (1976) used the acoustic cue of VOT
to study the devel opnment of voicing contrast in 10 two year old
children, 10 six year old children and 20 adults. A conparison
was nade between perceptual identification of honorganic | abial,
apical and velar stop consonants and VOT distributions associ ated
with the production of these sounds for these three groups of
subjects. Thirty utterances of the words bees/peas, bear/ pear,
dinme/ time, goat/coat were elicited from each subject, VOT
nmeasured and individual production distribution for |abial,
api cal and velar stops plotted. Significant age rel at ed
di fferences were shown for nean VOT, Mean lead time for voiced
st ops, range of production and discreteness of voi ci ng

cat egori es.

For voicing lead, significant difference were found for /Db/
& /g/. D fferences in the perceptual performance anong the 3 age
groups were nost clearly evident in the analysis of phonene
boundary width. The 2 year old children evidenced significantly
wi der boundaries than the 6 year olds for velars and bilabial and

on all stops when conpared to adults. While 6 year olds had w der
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phoneme boundary only for velar continum than the adults.
Significant age related differences in the perception were
observed in VOT difference magnitude required for distinguishing
prevocalic stop cognates which decrease oas a function of age of
listeners. | nf erences concerni ng perceptual devel opnment need not
be based solely on a general observation. Rat her specific
measur ement of perceptual behaviour such as upper limt and | ower
l[imt of phonene boundary and phonene boundary wi dth can also be
used to specify the nature of the phonol ogi cal change. There s
no information that would indicate definitely whether perceptua
devel opment i s a continuous gradual |y changi ng process or ongoing

i.e. di scontinuous and requires a reorganisation of t he

P. T. O
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di scrim nation capacities shown in infancy.

Place of articulation 2 years 6 years Adul ts
50% CROSSOVER
p/ b 31.6 28.7 29. 65
p/ b 33 28. 30 33.60
@/? 26.3 24.3 26. 55
g/ k 76.9 62. 30 65. 65
LONER LIMT
p/ b 25.5 24.2 25. 45
Plb 25.3 25.6 29. 45
d/t 20. 4 21.8 23.80
g/ k 65. 6 55. 80 61. 95
UPPER LIM T
p/ b 38.7 33.5 33.55
p/ b 39. 4 31.7 37.6
d/t 32. 4 27.8 29. 8
g/ k 86. 3 68. 7 69.5
PHONEMVE BOUNDARY
P b 14. 2 9.3 8.10
Plb 14.1 6. 10 8.15
a/t 12 6 5. 80
ol k 20 12.7 7.50
Table-1 : 50% crossover, lower limt, upper limte and phonene

boudary (Zl atin & Koeni gsknecht, 1976).
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Thi bodeau & Sussman (1979) found categorical perception

paradigm examning the wvoicing feature of bi | abi al stop
consonants /b/ & /p/. 12 subjects between the ages 6 to 9.5
years were selected wwth nean age of 7 years. The stimuli used

were copies of the synthetic speech sounds fromthe series nmade by
Li sker & Abranson(1967) and classified as /ba/ or /pal consisted
of 450nmsec. Three formant patterns with VOIs ranging from -100
(voicing lead) to +100 (voicing lag) in 10nmsec steps. 50%
crossover, phonenme boundary wi dth were calculated and also the
group discrimnation function. On the VOI continuum |ast 25nsec
for lead and lag produced 94% to 100% correct voiced/voiceless
responses. Looking at identification scores away from the end
points stinulus values 100 ns lead to +10nms lag and from +50ns
lag to 100nsec |lag produced accuracy scores ranging froma |ow
of 95% score to 100% correct. The nean difference Ilimen for

normal group was 8.75 nmsec and phonenme boundary wi dth of 25.83.

Bailey & Haggard(1980) proposed two nmeasures as production
anal ogs of category boundary and separation in perception.
Production boundary is defined as that value which has an
equi probable choice of being produced as a nenber of either
cat egory. Production separation is defined as the difference
between the neans of two distribution with respect to their SD
Bailey & Haggard found |ow correlation between production and
perceptual VOT category boundary for 20 to 50 nonths old children

and |ow positive correlation between production separation and
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measures of consistancy and boundary slope in perception.
Al though these results do not support a relation bet ween
perception and production of the VOI contrast they do provide a
means of conparing perception and production data for other

acoustic paraneters.

Mosl in(1976) found that voicing contrast is achieved by 1.3
to 2.8 years. Higgs & Hodson(1978) studying 4 year old children
found that they were significantly poorer than adults in their
ability to identify voicing from naturally produced mnimal pairs

contrasting final voiced and voicel ess consonant.

B) Closure duration trading with spectral cues:

Wardrip-Fruin & Peach(1984) found that 3 year old were nost
sensitive to durations (VD) and 6 year old were nost sensitive to
spectral cues (final consonant transition) but adults were able
to wuse both duration and spectral cues in making judgenments of

final consonant voicing.

c) Acquisition of VOT in several | anguages:

WIllianms(1980) did a cross linguistic study on Spanish and
English <children of 8-16 years on labelling of VOT series as a
function of exposure to English and he found that there was a
gradual shift from Spanish |ike patterns to English which occured
faster in the younger age groups. The children who were | earning
English were predicted to show VOT as that of bilingual English

i.e. between nonolingual Enlgish and Spani sh patterns.
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Eil ers(1983) showed that Spanish |earners appear to use
specific linguistic experience at an wearly age to mast er
perceptually the less salient lead Vs short lag contrasts. Eiler,
Kinbrough GO ler, Bineto, Garcia & Carman(1984) studied the
production of VOT in a group of Spanish and English |earning
subjects at 1 vyear and 2 years of age. VOI of initial stop
consonant s from cannoni cal utterances was measur ed
oscillographically. At 1 year no significant difference in VOT
producti on was found between Spanish and English |learners at any
place of articulation. Mean VOT values for infants fell in the
short lag range. But at 2 years, 4/7 children in the English
group and 4/7 of children in Spanish group showed significant
evi dence of having acquired VOT distinction in stop consonants

appropriate for their native | anguage.

Fl ege & Eefting (1986) exam ned the producti on and
perception of the contrast between /t/ - /d/ by subjects
differing in native |anguage and age. The stinmuli was a reading
list of phonetically conparable Spanish and English words which
includes eight exenplars of three minimal or near mniml pairs
initiated by /p.t,k/ or /b,d,g/ in the context of [ al .
Par ki ng/ bar ki ng, target/darling, carver/garner was used in
English, Datal/bato, tato/dato and cato/gato was used in Spanish.
The VOT continuum used in the identification experinent consisted
of CV stimuli with VOT value ranging from-60nmsec to 90nmsec in
10nsec increnents. Acoustic analysis revealed that native

speakers of English realised word initial /t/ with significantly
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| onger VOT values (85msec) than native speakers of Spanish
(19msec). Native English and Spanish adults realised / t / wth
VOT values that were non significantly |onger than those of 9
year old of the sanme native | anguage background. Native English
adults prevoiced /d/ nore often than English children, but
Spani sh adults and children realised /d/ with lead VOT values in
nearly every instance. In |abelling task, the native English
speakers showed steeper identification functions and category
boundaries at significantly |onger VOT values than age matured
native Spanish subjects. The boundaries of both the native
English and Spanish adults occured at significantly |onger VOT
than those of <children who spoke the sane | anguage. Thr ee
possi bl e explanations were offered for the effect of age on stop
Voi ci ng j udgenent s, the auditory processing of acoustic
paranmeters associated wth stop changes wth age, listeners
require an increasingly long VOT interval to perceive / t / as
they get ol der because they produce / t / with sonewhat | onger
VOT values, [listeners "attune" their perception to optimally

match the stops they hear.

Burham A Earnshaw & Cl ark(1991) investigated the effect of
specific linguistic experiences on categorical perception which
would be reflected by different devel opnental courses for the
perception of native and non-native contrasts. English |anguage
environment infants, 2 & 6 year old children , adults were tested

for their identification of sounds on a native Voiced /voiceless
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bilabial stop from-70nmsec to +70nsec VOT in 10nsec steps and a
non-native prevoiced/voiced bilabial stop speech conti nuum
Cat egorical perception of the two contrast diverged as a function
of age, increasing for the native contrast and decreasing for the

non-native between 2 and 6 years.

(d) Perceptual devel opnental study on closure duration.

Shanthi, lyer & Savithri (1991) studied the inportance of
closure duration as a cue to place and manner of articulation of
the wvelar and dental plosives in Kannada. Samples of two
pl osives /g/ and /d/ were obtained fromthe words /a:ga/, [/i:gal
& /adu/ as uttered by Kannada speaking children in the age range
of 5-8 years. The closure duration of plosives in each word was
systematically reduced and 47 stimulus wth varying closure
duration were synthesized and recorded and these were presented
to4-11year ol dnormal chil drenfor perceptual eval uati on. Thesubj ect s had
to identify labels as a response in a forced choice paradigm
The results indicated that closure duration was a cue for the
perception of place and manner of articulation in Kannada.
Reduction in closure duration brought about a change in place of
articulation first and with further reduction there was a change
in manner of articulation. For all tokens of /g/ except the
token of /i:ga/ with continuous voicing during closure and for
all tokens of /d/, this trend was observed. For the token of

/i:gal which had continuous voicing during closure, the percept
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did not change to place/mnner across the age groups. An
important finding was that a shift in category boundary fromvelar to
either alveolar or retroflex place of articulation in 4-5 year
old occured at a longer closure duration values than that of 10-
11 years old. The observation that at reduced closure duration,
retroflex 1is perceived was in concurrence with the production
data. However, in tokens with cessation of voicing of i:ga, there
was no change in place and manner across the age groups even at
m ni mum closure durations. This could be attributed to the fact
that this token was produced with a very short closure duration
(25nsecs) . Secondly, the /d-r/ category was observed at very
short closure duration. Third, other responses like /y/, [d/,
/I h/ were also obtained for /g/ & /t/ for /d/. The second formant
of /i/ and second formant of /y/ & /|l/ are close and hence a
reduction in closure duration of /g/ in tokens of /i:ga/ would
bring about proximty of /i/ and /al to give a percept of sem
vowel /y/ or [/1/. The results of this study partly support the
notion of a relation between production and perception data.
Al so, a developnental trend though not consistent was noticed

across age groups for both place and manner.

The review indicates that research has been carried out in
devel opnental phonol ogy from description of the acquisition of
specific speech sounds to nore discrete examnation of the
evol uti on of phonol ogi cal contrast. However, the field of <child

perception is full of paradoxical results. This warrants nore
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systematic study over age groups and in different |anguages. The
present study is an attenpt towards this. It ains at evaluating
the effect of closure duration on the voicing of nedial stop
consonants in bisyllabic and trisyllabic words in 3-6 years old

mal e and femal e Kannada speaking children.
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METHODOL OGY
Mat eri al

Four plosives - Voiceless velar /k/, voiceless retroflex,

voi cel ess dental /t/ and voiceless bilabial /p/ were selected for

the study. Four neani ngful picturable bisyllabic Kannada words

(baka, tuti, titi & wope) and four neaningful pi cturable
trisyllabic Kannada words (pakoda, xarati, ltara & Talapu) wth
these plosives in the nedial position were considered. These

words formed a mninmal pair with a change from voi cel ess plosive

to voiced plosive. Table-2 shows the words.

Key Phoneme Bisyllabic word Trisyllabic word

P W ope Tala Pu

TABLE-2 : Wirds selected for the study
Phonene underlined is the phoneme of interest.

These eight words wth voiceless plosives in the nedia
position were witten, one each on a card and a seven year old
normal Kannada speaking nale child was selected as the subject.
The child was visually presented with one card at a time and was
instructed to utter the word into a mcrophone kept at a distance
of 10cnms fromthe nmouth in a sound treated room in a natura
manner . Al these were digitally recorded on a conputer with a

12bit ADC at a sanpling frequency of 20KHz.
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Using the waveform Editor DWSSLC, C osure duration was cut
in 10nsec steps fromthe burst end until the closure duration was
al rost renoved (less than 10msec). TABLE-3 shows the original

closure duration and the nunber of stinmuli for each plosive.

Each word with its synthetic tokens was considered as a test
and within each of the eight tests, the tokens were random zed
and iterated tw ce. These tokens were recorded on digital

cassettes with an interstinulus interval of one second.

Test Wrd Oiginal Cosure Nunmber of synthetic
(nsec) stimul us
Baka 83.2 9
Pakoda 122. 55 13
tuti 84. 95 9
Karati 63. 65 7
titi 112. 7 12
ltara 105. 30 11
Wpe 77.1 8
Tal apu 117.5 12
TOTAL NUMBER OF STI MJULI 81

Tabl e-3: Test Stimuli (Key phonene of interest is underlined).
Totally eight tests <consisting of 81 synthetic stinuli

formed the materi al .
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The digitized wave formwas di splayed on the screen of the

conputer by using the program DWSSLC devel oped by VSS (voice &
Speech systens). Cdosure duration was neasured for each plosive
fromthe wave form Cosure duration was defined as the duration
between the offset of regular waveform for the preceding vowel

and the onset of the burst for the plosive (Figure-3).
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FI GURE- 3: Wave form depicting VCV. (closure duration is |abelled)
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Subjects - Ten normal Kannada speaking children (5 males & 5
femal es) each in the age range of 3-4 years, 4-5 years and 5-6
years served as subjects. Al of themhad normal speech as
eval uated by a speech pathol ogi st and none of them reportedly had

any hearing |oss. The subject details are in Table-4.

Age in years 3-4 4-5 5-6

Avg age Avg age Avg age
Mal es 3.6 years 4.7 years 5.7 years
Femal es 3.4 years 4.5 years 5.8 years

Tabl e-4: Details of the subjects.
PROCEDURE: Pictures representing these words (mnimal pairs
representing an alternate forced choice) were selected. Each
child was tested individually and was initially conditioned to

the pictures corresponding the test stinmuli.

The subjects were tested in a quiet roomand the stinulus
was audi o-presented through two | oudspeakers, one on each side of
the child. The two picture cards representing mniml pairs of a
test were placed in front of the child. The child participated

in four tests at one sitting.

A role play was adopted to make the task enjoyable for
children. The taperecorder was covered with a life size doll of
a nonkey and the child was instructed that the nonkey woul d speak
to himand that he had to point to the picture appropriate to the

word he listened to. The experinenter recorded the «child's
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response on a response sheet (APPENDI X-1) imediately after the

child' s response.

Anal ysi s: The data thus obtained was tabulated and percent
response for the stinmulus was calculated by the follow ng
f or mul a.

ot ai ned nunber of response for the stinuli
X 100

Expected nunber of responses for the stinuli

For exanple if the total/expected nunber of response for a

stimuli was 30 and obtai ned nunber of response was 20 then the
percent age response was 20 x 100 = 66.66
30

The percentage response for voiced and voiceless plosive
were tabulated for each of the test stimuli on the basis of which
the identification and discrimnation functions for each plosive

for each test stimuli were plotted.

Four neasurenents were obtained from the identification
function (nodified from Lisker & Abranson(1967) originally given

for VOI and Doughty (1949)

(i) 50% crossover - It was that point on the graph which was
the actual or interpolated point about the closure duration
continuum for which 50% of the subject's response
corresponded to the voicing category. For exanple in Figure-

4 the 55% crossover will be 50 nsec of «closure duration



(ii)

(iii)

(iv)
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i.e. the point "B" on the X-axis.

Lower I|imt of phonenme boundary width - was that point
along the closure duration continuum where an individual
identified voiced stop 75% of the tine. For exanple in
Figure-4 the lower limt wll be 35nsec of closure duration

i.e. the point "A" on the X-axis.

Upper limt of phoneme boundary width - was defined as the
corresponding point for the identification of VL cognate
75% of the tinme For exanple in Figure-4 the upper limt
will be74nsec of closure duration i.e. the point "C' on

t he X-axis.

Phoneme boundary width (in nsec)between voicing category
was defined as the arc boundary crosspoint along the
cl osure duration conti nuum and was det erm ned by
substraiting the Jlower [|imt from the upper Iimt.For

exanpl e. In the Figure-4 the phonene boundary wdth is
“_‘-G.f’\u.k_,_ i #4.-3¢€ ((Com f\\

% -~ —
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Figure-4: Curve showng lower limt, upper limt, 50% crossover

and phonene boundary w dth.
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Al'l  these neasurenents were used to interpret the results
and thus gain insight in the area of developnment of speech

perception in children.
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RESULTS AND DI SCUSSI ON
The neasurenents of 50% crossover, lower limt of phonene
boundary, upper limt of phonenme boundary and phonenme boundary
wi dth were considered for interpreting the results and discussing

the results.

RESULTS:

3 - 4 year age group:

/t - d/ Percept - The crossover value [50% lower Ilimt, upper
l[imt and phoneme boundary width for /t/ in the bisyllabic word

/tuti/ and trisyllabic word /Karati/ are in Table 5 and 6.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e - - - -
Femal e 12.95 5.95 31.95 26
AVERAGE 9.95 - 22.95 -
Table-5: Various measures for /t - d/ percept in bisyllabic word

(3-4 vears)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 38. 65 29. 65 57. 65 28
Fermal e 28. 65 24. 65 50. 65 26
AVERAGE 31.65 26. 65 55. 65 29

fa: Various measures for /t - d/ percept in trisyllabic word
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From Table-5 it could be observed that while the fenales
exhibited a change in the percept fromvoiceless / t / to voiced
/ d / as the closure duration was reduced, males did not show any
change in the percept. The results indicate that below 12nsec,
voi ced percept is identified and above 12 nsec voicel ess percept
is identified. Figure- 5 and 6 shows the identification and

di scrimnation function for /t - d/

From Table-6a it is evident that both mnmales and fenuales
showed a shift in the percept from voiceless to voiced as the
closure duration was reduced in a trisyllabic word. In females
the crossover occured at a shorter duration than nmales and the
lower and upper limts were higher in males than the fenales.

Al so, females exhibited shorter boundary w dths than mal es.

/It - d/ Percept - Various neasures for / t / in the bisyllabic

word /titi/ and trisyllabic word /Itara/ are in Table-6b & 7.

Sex 50% Lower limt Upper limt Phoneme
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e - - - -
Femal e 47.7 38.7 60. 7 22
AVERAGE 37.7 - 50. 2 -
Tabl e- 6b: Various neasures for /t - d/ percept in bisyllabic word

(3-4 years)
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Sex 50% Lower limt Upper limt Phoneme
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 22.3 - 32.3 -
Femal e 20. 3 - 38.5 -
AVERAGE 21.3 - 25.7 -
Tabl e-7: Various neasures for /t - d/ percept in trisyllabic word
(3-4 years)

It was noticed that the male children did not show any
change in the percepts fromvoiceless / t / to voiced / d [/ as
the closure duration was reduced. However the females exhibited
a change in percept from/ t / to/ d /. The results indicated

that below 47 nmsec of closure duration voiced percept / d [/ is

identified and above 47nsec voiceless percept [/ t [/ S
identified. Fi gure-7 and 8 shows identification and
di scrimnation function for /t - d/.

From Table-7 it is evident that in trisyllabic word both
mal es and females showed a shift in the percept from voiceless
It/ to voiced /d/ as the closure duration was reduced. For
females the crossover occured at shorter duration than males.
Though the percent identification of voiced /d/ increased wth

reduction in closure duration it did not reach 75%
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Ip - Db/Percept - The 50% crossover value, lower limt, upper

[imt and phonene boundary width for /p/ in the bisyllabic word

[ wope/ and trisyllabic word /Talapu/ are in Tables 8 & 9.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 29.6 - 46. 1 -
Femal e - - - -
AVERAGE 32.1 - 44.1 -

Tabl e-8: Various neasures for /p - b/ percept in bisyllabic word
(3-4 years)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 55 48. 5 74.5 26
Femal e 72.5 63.5 84.5 21
AVERAGE 67.5 51.5 80.5 29

Tabl e-9: Various neasures for /p - b/ percept in trisyllabic word
(3-4 years)

It was noticed that for the bisyllabic word, females did not
show a change in percept of voiceless / p/ to voiced / b [/ on
reduci ng closure duration and males showed a shift in the percept
fromvoiceless /| p/ to voiced / b/ . The results indicate that
bel ow 29nsec voiced percept was identified and above 29nsec
voi cel ess percept was identified. Figure-9 and 10 show the

identification and discrimnation curves for /p - b/.
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From Table-9 it could be observed that for /p - b/ that both
male and female children identified voiced percept / b/ as the
closure duration was reduced. In males, the crossover occured at
shorter closure duration than femles. Wile the |ower and upper
[imt was higher for females than males, the males had greater
phonem c boundary w dt h.
Ik - g/ Percept - Al the measures for /k/ in the bisyllabic word

/ baka/ and trisyllabic word /pakoda/ are in Tabl e-10.

Sex 50% Lower limt Upper limt Phoneme
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e — — o o
Femal e 25.2 15.2 33.2 18
AVERAGE 23.2 - 48. 7 -

Tabl e-10: Various neasures for /k/ percept in bisyllabic word
(3-4 years)

Wiile female children exhibited a change in the percept of
voiceless /[/k/ to voiced /g/ on reducing closure duration, nale
children did not show any change in the percept. Below 25nsec,
voi ced percept was identified and above 25nmsec voicel ess percept
was identified. Figure-11 and 12 show the identification and
discrimnation function for /k-g/. In trisyllabic word neither
males nor females exhibited change in the percept from /k/ to

/al.
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4 - 5 year age group
/ t - d / Percept - Tables-11 & 12 shows the 50% crossover val ue,

lower limt, upper limt and phonene boundary width for /t - d/

in the bisyallbic word / tuti,/ and trisyllabic word / Karati /.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 10. 95 7.95 13. 95 6
Fermal e 10. 95 7.95 13. 95 6
AVERAGE 10. 95 7.95 13. 95 6
lable-11: Various measures for /t/ percept in bisyllabic word
(4-5 \rs) ’
Sex 50% Lower |imt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 35. 65 25. 65 41.70 16. 05
Femal e 38. 65 25. 65 50.5 24. 85
AVERAGE 37. 65 25. 65 46. 65 21
Table-12: Various measures for /t/ percept in trisyllabic word

(4-5 years)

Both male and fenmale children of 4-5 years old showed a
shift in percept from voiceless / t / to voiced / d / in
bisyllabic and trisyllabic word as the «closure duration was
reduced. The results indicate that bel owl1l0 nsecs, voiced percept

is identified and above 10nsec, voiceless percept is identified
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in bisyllabic word. The upper Iimt and the phonemic boundary
width was shorter for males than for females in the trisyllabic
word. The identification and discrimnation function for /t-d /
are in FigureS 13 and 14.

/[t - dl Percept - Tables 13 & 14 depicts the values for / t [/ in

the bisyllabic and the trisyllabic word.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 27.2 - 37.7 -
Femal e 38.7 14.2 41. 2 26.5
AVERAGE 32.95 - 39. 45 -

Tabl e-13: Various neasures for /t/ percept in trisyllabic word
(4-5 years)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary

W dt h

Mal e 27. 30 9.3 31.3 22
Femal e 10. 3 5.3 28.8 23.5

AVERAGE 12. 3 8.3 30. 30 22

Tabl e- 14: Various neasures for /t/ percept in trisyllabic word
(4-5 years)

As the <closure duration was reduced ,the percept changed
from / t / to/ d/. In the bisyllabic words, in mles, the

crossover value and the upper limt were shorter than fenales.
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However, in trisyllabic words femal es had short crossover val ue,
lower |imt and wupper limt. Also, the phonene boundary was
shorter for males than for fenmales. Figures 15 and 16 show the

identification and discrimnation function for /t - d/.

/ p- b/ Percept:

Sex 50% Lower |imt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 52.5 44.5 74.5 30
Femal e 76.5 71.5 82.5 11
AVERAGE 72.5 50.5 80.5 30

Tabl e-15: Various neasures for /p-b/ percept in trisyllabic word
(4-5 years)

None of the subjects reported the voiced /b/ percept on

reduction of closure duration in the bisyllabic word. However,
in the trisyllabic word the percept changed from/p/ to /b/. In
mal es the crossover value, lower Iimt and wupper limt was

shorter than in females. Also, the phonenme boundary w dth was
wider in males. Figure 17 and 18 representes the identification

and discrimnation function for /p-b/

lk - g/ Percept - The 50% crossover value, lower [limt, upper

[imt and phoneme boundary wdth for /k/ in bisyllabic word
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/ Baka/ and trisyllabic word /Pakoda/ are given in Table 16

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 18. 2 14.2 22.2 8
Femal e 9.2 6.2 12. 2 6
AVERAGE 13.2 10. 2 17.2 7

Tabl e-16: Various neasures for /k-g/ percept in bisyllabic word
(4-5 years)

In bisyllabic words, a shift in the perception from
voiceless /k/ to voiced /g/ was noticed as the closure duration
was reduced. However, no such shift was found in the trisyllabic
wor d. In femal es, the crossover occured at a shorter duration
than the nmales and the |lower and upper limts were higher in
males than in females. Also females exhibited shorter boundary
width than males. Figure31l9 and 20 showp the identification and
di scrimnation function for /k-g/. There was no change in percept
in both male and female children from voiceless /k/ to voiced /g/

on reducing closure duration in trisyllabic word.
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5-6 year old age group:

/t - d/ Percept- Table 17 and 18 depicts various values for /t -

d/ in bisyllabic and trisyllabic words respectively.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 9.95 5.95 13. 95 8
Femal e 8 5.95 11. 95 6
AVERAGE 9 5.95 12. 95 7
Table-17: Various measures for /t-d/ percept in bisyllabic word

(5-6 years)
Y

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dth
Mal e 21.70 17. 65 27. 65 10
Fermal e 38. 65 34. 65 42. 65 8
AVERAGE 30. 2 26.2 35.2 9
Table-18: Various measures for /t-d/ percept in trisyllabic word

(5-6 years)

In both bisyllabic and trisyllabic words, the subjects
showed a shift in their percept fromvoiceless / t / to voiced
{i / as the closure duration was reduced. In the bisyllabic word,
for females the 50% crossover was at shorter closure duration
than nmal es. The upper limt and phonene boundary w dth were
shorter in females. In contrast, in the trisyllabic words, the

50% crossover, lower |imt and upper Ilimt were longer in
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femal es. However, the wdth of the phonene boundary was shorter.

Figure-21 and 22 shows the identification and discrim nation function
for / £t - ad /
/[t - d/ Percept - In the bisyllabic word, only fenales
exhibited a shift in the percept fromvoiced / t / to voiced / d/.
However, in the trisyllabic word both nales and fenales
showed a shift in the percept. In the trisyllabic wordz, while
the 50% crossover and the phonene boundary wi dths were |onger,
lower |imt was shorter in females (TABLE 19 and 20) Figures 23

and 24 show the identification and discrimnation function for

[t & /dl.
Sex 50% Lower |imt Upper |imt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e - - - -
Femal e 17.7 12. 7 38.7 26
AVERAGE 15.7 - 40. 7 -

Tabl e-19: Various neasures for /t-d/ percept in bisyllabic word
(5-6 years)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 26. 8 17.3 31.3 14
Femal e 35.3 8.3 31.3 23
AVERAGE 31. 05 12.8 31.3 18.5

Tabl e-20: Various neasures for /t-d/ percept in trisyllablic word
(5-6 years)



7 Response
100

90
80

70
60 -
50
40
30
20
10

0 T T

]

a & & a - .
w»

1 L T ;2 T g i

2.7 12.7 22.7 327 42.7 52.7.62.? 72,7 82.7 92.7 102.7 112.7

Closure Duration

—— VYoiced Male

—7— Voiceless Male

—*— V\oiced Female —2— Voiced total

—™— V¥Yoiceless Female —*— VYoiceless total

Fig—23. |dentification & discrimination

curve for /¢ in bisyllabic word tifi

for 5 to © years.

= &=



-68-

7 Response

100
90 -
80 -
70
60
50
40 -
30
20

10
0 I T L 2 T i = ¢+ = -

5.3 15.3 25.3 35.3 45,3 553 5.3 753 853 953 105.3
Closure Duration

—*— Vopiced Male —*— Voiced Female —*— Voiced total

—%— Voiceless Male —*— Voiceless Female —*— VYoiceless total

Fig—24. |dentification & discrimination
curve for [t/ in trisyllabic word lfara
for 5 to 6 vears.




- 69 -
/| p-bl  Percept- / b/ percept was identified at closure durations
shorter than 52. 5nsec. Boththe limts and t he boundary w dt hwere

longer in females in the trisyllabic word (Figures 25 and 26).

Tabl es-21 & 22 show the various values for /p/.VWile in the
bi syl l abic word, the percept shifted to voiced only at a very |ow

cl osure duration (7.1lnsecs) in the trisyllabic wor d t he

voi ced percept was identified at |onger closure durations also

(52nsec and bel ow)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 12.1 - 25.1 -
Fermal e - - - -
AVERAGE 7.1 - 25.1 -

Tabl e-21: Various neasures for / p / percept in bisyllabic word
(5-6 years)

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 52.5 40. 5 70.5 30
Femal e 52.5 43.5 95.5 52
AVERAGE 52.5 42 83 41

Tabl e-22: Various neasures for / p / percept in trisyllabic word
(5-6 years)
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/| k - g/ Percept - Voiced percept was identified at shorter
closure durations and in both bisyllabic and trisyllabic words
and upper limt were longer in females (Tables 23 and 24).
Figures 27 and 28. show the identification and discrimnation

function for /k-g/.

Sex 50% Lower limt Upper limt Phonene
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 8.2 - 20. 2 -
Femal e 10.7 4.2 30.2 26.2
AVERAGE 9.2 - 28.2 -

Tabl e-23: Various neasures for / k / percept in bisyllabic word
(5-6 years)

Sex 50% Lower limt Upper limt Phoneme
Crossover 75% voi ced 75% voi cel ess Boundary
W dt h
Mal e 7.2 - 29.5 -
Fermal e 7.2 - 54.5 -
AVERAGE 7.2 - 44.5 -

Tabl e-24: Various nmeasures for / k / percept in trisyllabic word
(5-6 years)
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To sunmarize, the results reveal the follow ng findings.
At  shorter closure durations voiced percept was identified

and at longer closure duration voiceless percept was

i dentifi ed.
As the age increased, the 50% crossover value reduced.
(Figures 29 and 30)- i.e. | onger closure durations were

requi red at younger age groups to identify the voiced plosive
than the older age group. Thus, a developnental trend was

noti ced.

W thin the various places of articulation, retroflexes
required the shortest <closure duration and the closure
duration increases in the order of retroflex, velar, |abial
dent al (Figure-30 ). This was found to be true only in the
bi syllabic word context . In the trisyllabic context, no

consistent trend was noticed (Figure-29)

The Jlower Iimt decreased in retroflex and bilabials as the
age increased and increased in dentals as the age increased

(Figures 31 and 32)

The upper Iimt decreased for retroflexes and bilabials in
t he bi syl | abi c context and for retroflexes in t he

trisyllabic context. Upper limt increased in dentals and
bilabials in the trisyllabic context and was inconsistent in

velar (Figures 33 and 34 )
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(6) No consistent trend in the boundary width was noticed in the
bi syllabic context. However, in the trisyllabic context the
boundary w dth decreased for retroflexes and dentals as a
function of age and in bilabials it increased (Figures 35 and

36)

(7) For retroflexes and bilabials the 50% crossover value was
al ways shorter in the bisyllabic context than in t he

trisyllabic context.

DI SCUSSI ON

The results reveal several interesting points. First of all,
in children 3-6 year old, closure duration operates as a cue for
voi cing of stop consonants. \Wile shorter closure durations cue
voi ced stops, | onger closure durations cue voi cel ess stops.
This is in cosonance with the results of the studies done on
adults [Port 1980, Lisker 1967, Price & Sinon 1984, Cazals &
Palis 1991, Usharani 1989, Vinay Rakesh 1990] and in children
[WIf 1973, Sinon 1974, Zl atin & Koenegnecht 1976].

It is interesting to note that in Kannada, the closure
duration ratio between voiced and voiceless varies from1:1.5 to
1:2.42 [Savithri 1992] and that of preceding vowel duraion varies
from 1102 to 1:1.21. The data from Sujatha's study on preceding
vowel duration as a cue for voicing in children of 3-6 years
i ndicates that preceding vowel duration was not a sufficient cue

for wvoicing and the results of the present study indicate that
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closure duration is a sufficient cue for the distinction of
voi ced/ voi cel ess stop consonants. The perception data 1is in
consonance Wwth the production data in Kannada in that in
production data closure duration readily distinguishes voiced

from voi cel ess stops whereas preceding vowel duration does not.

Second, a definite developnental trend in perception 1is
evi dent . Wi le at younger age groups (3-4 years), the closure
duration required for the perception of voiced stop is longer, in
the ol der age groups (5-6 years) voiced stops are perceived only

at very short closure duration.

Conmparing this wth the closure duration production data
(Tabl e-25) for the voiced stop consonants in Kannada, it can be
noticed that closure duration reduces from3 - 6 years except for
dentals. This supports the results of WIf(1973) , Sinon (1974) &
Zl atin & Koegni gsknecht (1975, 1796) & Flege & Eefting (1986) in
that the reduction in closure duration for voiced stops 1in

production is also followed in perception.

Pl ace of articulation 3 - 4 years 5 - 6 years
Vel ar 68 67
Ret r of | ex 51 39
Dent al 73 74
Bi | abi al 91 88

Tabl e-25: Cl osure duration for voiced stop consonants.



Thi rd, in mpjority of the phonenes studied ,there was a
decrease in the lower |imt of boundary as a function of age.
Agai n this reflects that the closure duration di fference
magni tude required to distinguish voiced Vs voiceless stops
decrease wth age. This is in consonance wth Zlatin &

Koegni gsknecht (1975 & 1976).

Fourth, both the wupper Ilimt of the boundary and the
boundarywi dth did not show any consistent developnental trend.
This does not support the results of Zlatin & Koegnignecht (1975,
1976), WoIlf (1973) & Sinon (1974), where they found a decrease in
phoneme boundary width with an increase in age. However, they
studied children in age groups of 2 years, 6 years and adults.
The present study involved children from3 to 6 years of age.
This m ght explain the discrepancy between the results of the two
st udi es. Also, the results indicate that the devel opnent of

perception is not yet conplete at the age of 6 years.

However, in the production data the range for voiced stop
consonants decrease from 3-6 years. Thus the perception data on

boundary width is not 1in consonance wth the production



dat a. ( Tabl e- 26)

PRODUCTION PERCEPTION

PLACE OF RANGE PHONEME BOUNDARY
ARTICULATION WIDTH

3-4 5-6 3-4 56

YEARS YEARS YEARS YEARS
Velars 53 455 - -
Retrof lex 74 10 29 9
Dental 68 7.5 - 18.5
Bilabials 31 10.5 29 41

Table-26: Range and Width of closure duration for various
places of articulation (production and perception)

Thus, though a developnental trend is evident it is not
found to be consistent. Further devel opnmental research directed
specifically to <co-vary nmultiple acoustic paraneters wll Dbe
enlightening with respect to possible changes in the relative or
conbined strength of acoustic paraneters as perceptual cues for
voicing in Kannada. Such studies applied to both normal and
clinical population will define processes for normal perceptual
devel opment and may have potential for direct diagnostic and
t her apeutic application wth speech and |anguage | mpaired

chil dren.
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SUWVARY AND CONCLUSI ONS

One of the basic unresolved issues in the study of speech
and language is the conplex relationship between production and
perception. Applied to children, it is inportant to understand
the nodification process that the child undergoes to docunent the
status of phonene perception during the years the child is
acquiring the phonol ogy in production. Studi es have suggested
that a developnental or maturational differences in the closure
duration phonene boundary width in children [Sinon 1974, Zlatin &
Koeni gsknecht 1975] are present . Several investigators have also
obtained results in support of relation between perception and
production of speech [Sinon 1974, Eilers & OQler 1975]. Oher
researchers <claim that such a relation does not exist between
perception and production [Bailey & Haggard 1972 Smth 1981].
Am dst these paradoxical results, there is a pressing need for
experinmental evidence on the devel opnent of perception in various
| anguages to allow for prilimnary generalisation about norma
perceptual devel opnent. In this context, the present study was
planned to investigate closure duration as a cue to Vvoicing
contrast of stop consonants in 3-6 years old Kannada speaking

chi l dr en.

Specifically the study ained at determ ning:
(1) The devel opnental trend in the perception of closure duration
as a cue to voicing of stop consonants [p, t,t,k] in 3-6 year

ol d Kannada speaking chil dren.
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(2) The effect of linguistic syllabic boundaries i.e. whether
bisyllabic and trisyllabic boundaries influence the percept
of voicing of stop consonants in nedial position in 3-6 years

ol d Kannada speaking children.

(3) The <change across the place of articulation in closure
duration needed for <change in percept for 3-6 year old

Kannada speaking children, and

(4) The concurrence of perception data with production data on

cl osure duration for stop consonants.

Four plosives - Voicelss velar /k/, Voiceless retroflex /t/,
Voi cel ess dental /t/ and Voiceless bilabial /p/ were selected for
the study as in four neaningful bisyllabic Kannada words [ baka,
tuti, titi & Wope] and four neaningful trisyllabic Kannada words
[ Pakoda, FKarati,ltara & Talapu]. These words forned a m nimal
pair with a change from voiceless plosive to voiced plosive.
These eight words with voiceless plosives in the medial position
were uttered by a seven year old normal Kannada speaking nale
child and digitally recorded on a conputer with 12 bit ADC at a
sanpling frequency of 20KHz. From the digitized waveform of each
word, closure duration was neasured and using the waveform editor
DWSSLC, <closure duration was cut in 10nsec steps fromthe burst

end until the closure duration was al nbst renoved.

Each word with its synthetic tokens was considered as a test

and within each of the eight tests the tokens were random zed and
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iterated twce and recorded on a netallic cassette with an inter
stimulus interval of one second. Totally eight tests consisting

of 81 synthetic stimuli were forned.

Ten normal Kannada speaking children [5 males and 5 fenal es]
each in the age range of 3-4 years, 4-5 years & 56 years served
as subjects. Pictures representing the test words and m ni nal
pairs (representing an alternate forced choice) were selected.
Each child was tested individually after being initially
conditioned to the pictures. The experimenter recorded the
child's response on a response sheet imediately after the

child' s response.

The data thus obtained was tabul ated and percent response
for t he sti mul us was cal cul at ed. I dentification and
discrimnation functions were drawn for each test word and four
measurenents viz. 50% crossover, lower limt of phoneme boundary
wi dth, upper limt of phonene boundary w dth and phonene boundary

width were calculated fromthe identification functions.

The results obtained revealed the follow ng points:
(1) At short closure duration, voiced percept was identified and

at longer closure duration, voiceless percept was identified.

(2) As the age increased the 50% crossover value reduced i.e.
| onger closure duration were required at younger age group to

identify voiced plosive than the ol der age group.
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(3) Wthin the various places of articulation retroflex required
shortest closure duration and the closure duration increased
in the order of retroflex, velar, labial and dental. This was
found only in the context of bisyllabic word. In trisyllabic

context, no consistent trend was noticed.

(4) The lower |imt decreased in retroflexes and bilabials as the

age increased and increased in dentals as a function of age.

(5 The upper limt decreased for the retroflexes and bil abials

in the bisyllabic context and for retroflexes in t he

trisyllabic context. Upper limt increased in dentals and
bilabials in the trisyllabic context and was inconsistent in
vel ars.

(6) No consistent trend in the phonene boundary wi dth was noticed
in the bisyllabic context. However, in the trisyllabic
context the boundary wi dth decreased for retroflexes and

dentals as a function of age and in bilabials it increased.

(7) For retroflexes and bilabials, the 50% crossover value was
al ways shorter in the bisyllabic context than in t he

trisyllabic context.

The results of the study revealed that closure duration
operates as a cue for voicing of stop consonants in children 3-6
years ol d. It is interesting to note that in Kannada, the
closure duration ratio between voiced and voiceless varies from

1.5 to 2.42 [Savithri 1992] and that of preceding vowel duration



- 92 -
varies from 1102 to 1:1.21 . The perception data 1is in
consonance wth the production data in Kannada in that in
production data closure duration readily distinguished voiced
from voiceless stops whereas preceding vowel duration does not

[Sujatha 1992].

A definite developnental trend in perception is evident.
VWi le at younger age groups (3-4 years), the «closure duration
required for the perception of voiced stop is |onger, in the
ol der age group (5-6 years), voices stops are perceived only at
veryshort cl osureduration. Thisisinconsonancew ththeresult of t hestudy by
Wl f (1973), Sinon (1974) & Zl atin & Koegni gsknecht( 1975, 1976).
Also there is an influence of the |inguistic boundary, in that
bisyllabic and trisyllabic words differed in the four functions

across the places of articulation.

Thus, the results of the study indicate that closure
duration acts as a cue to perception of voicing contrast in 3-6
year old Kannada speaking children. Also, the production data and
perception data for closure duration in Kannada correlate well.
There is a definite devel opnental trend in closure duration as a
voicing contrast and developnent of perception is not yet

conplete by 6 years of age.

Furt her devel opnental research directed specifically to co-
vary multiple acoustic paraneters will be enlightening wth
respect to possible changes in the relative or conbined strength

of acoustic paraneters as perceptual cues for voicing in Kannada.
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t
Applied to conmmunication di sordered popul ation, the controversia
issue whether or not speech perception deficits exist in
i ndi vidual s who have no known organic disorders, but who exhibit
devi ant production skills could probably get an answer .
Furthernore, attenpts could be nade to define the nature of
perceptual deficit in relation to production deficits in the

conmmuni cati on di sordered chil dren.
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APPENDI X- |

RESPONSE SHEET



NANE: Vi bhas

SEX:

Mal e

AGE: 4.2yrs

Pakoda

Pagoda

Pakoda 122.55

Pak 30

Pak 100

Pak 20

Pak 80

o gls W N e

Pak 10

~

Pak 40

Pak 110

Pak 60

10.

Pak 120

11.

Pak 90

12.

Pak 50

13.

Pak 70

Baka

Baga

14.

Baka ori 83.2

15.

Baka 30

16.

Baka 20

17.

Baka 80

18.

Baka 10

19.

Baka 40

20.

Baka 60

21.

Baka 50

22.

Baka 70




tuti

t udi

23.

tuti (84. 95)

24.

tuti

30

25.

tuti

20

26.

tuti

80

27.

tuti

10

26.

tuti

40

29.

tuti

60

30.

tuti

50

31.

tuti

70




NAME:
Kar at i Kar adi
32. OKRT (63.65)
33. KRT 30
34. KRT 20
35. KRT 10
36. KRT 40
37. KRT 60
38. KRT 50
ltara | dar a
39. Itara 105. 30
40. Itara 30
41. ltara 100
42. ltara 20
43. ltara 80
44. ltara 10
45. ltara 40
46. Itara 60
47. ltara 90
48. Itara 50
49. ltara 70




Titi

Ti di

50.

titi(112.7)

51l.

titi

30

52.

titi

100

53.

titi

20

54.

titi

80

55.

titi

10

56.

titi

40

S7.

titi

110

58.

titi

60

59.

titi

90

60.

titi

50

61.

titi

70




Tal apu

Tal abu

62.

tal apu

117.5

63.

tal apu

30

64.

tal apu

100

65.

tal apu

20

66.

tal apu

80

67.

t al apu

10

68.

tal apu

40

69.

t al apu

110

70.

tal apu

60

71.

tal apu

90

72,

tal apu

50

73.

tal apu

70

Wope

VWbe

74.

VWpe 77.1

75.

Wpe 30

76.

Hope 20

77.

VWpe 10

78.

Wpe 40

79.

VWpw 60

80.

VWpe 50

81.

VWpe 70




