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| NTRODUCTI ON

Speech perception is the process where by a |living
organism receives and interprets information about the
surrounding world (Julesz and Hirsch, 1972). The hunman
audi tory mechani sm anal yses sound according to the changes in
frequency and intensity across time. These sounds al so change
in their node of transmssion as they travel fromthe outer
(mechanical) to the inner ear and finally to the areas of

hearing through the auditory nerve (electro chemcal).

Attenpts to explain how linguistic value is determ ned
from a speech signal has resulted in various theories of
speech perception. These theories can broadly be classified
i nto:

a) Active and passive theories.

b) Theories of variance and invariance.

Active theories necessiate the presence of a nediational
process in speech perception. Analysis by synthesis theory,
put forth by Halle and Stevens (1959), theorises that the
listener has an auditory nodel of his production which he
uses for analysis of the incomng auditory stimuli. Correct
generative rules are identified and this allows for
invariance to be mintained through conputation of error.

Normalisation is therefore explained by this theory.



Li berman (1957) put forth the notor theory of speech
perception, which speculates that the articulatory know edge
forms the basis for speech perception, ie., speech is
perceived by running the production process backwards.
Li berman and WMatingley (1985) revised the notor theory of
speech perception. They claimthat phonetic transformation is
perceived by a "nodule" which is biologically distinct. The
nodul e has |awful relationships between the gestures and the
acoustic patterns in which they are variously overlapped. The
nodul e causes perception of phonetic structure wthout

translation from prelimnary auditory inpressions.

O these theories the analysis-by-synthesis theory is
considered as a theory of invariance and the other active

theories are considered as theories of variance.

To t est t hese t heori es, vari ous physi cal and
psychophysi cal nethods |ike analysis-by-synthesis (Halle and
St evens, 1959), articulatory studies (Fant, 1960) and
synt hesi s-by-rule (Flanagan et al, 1970) have been adapted,

whi ch has throwmn nore light in the area of speech perception.

Research in the area of speech perception has been
focussed on perception in: 1) normal adults 2) clinical
population and (3) nor mal chil dren. In adult speech
perception the chief interest has been to understand how the
listener perceives a continuous sound stream in terns of

di screte phonetic units. This led to a search for invariant



acoustic cues in the speech signal that would uniquely
characterize a particular phonetic dinension. Professional
concern regarding speech and |anguage problens which require
speci al education and therapy has resulted in the study of

perception in the clinical population.

Interest in child perception has increased in the past
decade and several studies have been conducted in this
regard. On one hand, sone acoustic - phonetic dinensions
appear to be determ ned by biologically given predispositions
that are operable shortly after birth. On the other hand,
perception by adults of these sanme acoustic - phonetic
dimensions reflects to a high degree their specific
linguistic experience. Clearly a great deal of nodification
of perceptual abilities takes places between infancy and

adult hood, as the individual |earns his |anguage.

Several investigators have attenpted to study this
devel opnent of speech perception and production in children
Many of them have focussed on various features of stop

consonants.

Preston, Yeni-Konshian and Stark (1967); Preston and
Port (1968, 1969); Zlatin (1972) and Kent (1976) provide
evidence to support that perception and production of
acoustic features changes during the first 6 years in a
systemati c manner. Zl atin and Koeni gsknecht (1975) found a

perceptual devel opnment of VOI between 2 years of age and



adul t hood. Flege and Efting (1986) studied production and
perception of /t/-/d/ contrast in native English and Spanish
adults and children. They found that boundaries of native
English and native Spanish adults occurred at significantly
| onger VOT values than those of children who speak the sane
| anguage. Al so native English speakers showed significantly

| onger VOT val ues than age matched native Spani sh speakers.

Krause (1982, a) studied the use of vowel duration cue
in 3-and 6-year old children and in adults. Significant
devel opnental differences were found in the perceptua
j udgenent of voicing. Wardrip - Fruin and Peach (1984) found
that 3 year olds were nost sensitive to duration (vowel) and
6 year olds were nost sensitive to spectral cues (fina
consonant transition) but adults were able to wuse both
durational and spectral cues in making judgenents of final
consonant voicing. Lehman and Sharf (1989) studied children
in the age range of 4.4-10.11 years and adults. Their results
supported the findings of Krause (1982,a). They further said

that children's perception was adult like at 5 years of age.

The literature is equivocal regarding cues to perception
of stop consonants. However the cues are known to differ
depending on the |anguage studied (Burnham Earnshaw and
Clarke, 1991). An understanding of how cues differ for
different languages is therefore necessary. The studies

conducted so far have been restricted to English, Spanish,



French and to discrete age groups. Studying the devel opnent
of perception throughout wearly childhood would be nore
fruitful as it reveals the details of the devel opnental

changes, if any.

The ains of this study was to:

1) Investigate the role of PVD as a cue to voicing of the
following stop consonants in 3-6 years old Kannada
Speaki ng chil dren, and

2) Investigate the developnmental trend, if any, in the
perception of voi ced- voi cel ess stop-consonants wth

precedi ng vowel duration as a cue.



REVI EW OF LI TERATURE

Speech perception has been an area of interest for the
past two decades and extensive research has been conducted in
this area. O the speech sounds the stop consonants have been
the nost frequently studied. Stop consonants are considered

to be special because of their:

1) Non-linearity: As the articulators are rarely in one
position for a long time, the acoustic characteristics keep

changi ng from nonent to nonent; and

2) Redundancy: A large nunber of acoustic cues are
available to cue their place, manner and voicing. If one cue

is absent another cue takes over.

Stop consonants are produced by occluding the ora
cavity by an articulator for some tine. Ar is held behind
the articulator for some time and is then released. The

salient -features of stop consonants are:

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

2) A transitory explosion (usually less than 20nsec produced
by shock excitation of the vocal tract upon release of
occl usion).

3) Avery brief (0-10nsec) period of friction as articulators
separate and air is blown through a narrow constriction as

in the honorganic fricative.



4)

5)

A brief period of aspiration (2-20rasecs) 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 the
fol | ow ng vowel .

Voi ced forraant transitions, reflecting the final stages of
articulatory novenent into the vowel during the first few
cycles of laryngeal vibration.

Li sker (1977) in his study has |listed 16 paraneters that

cue voi cing of stop consonants - viz:

1)

2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

Presence/ absence of |ow frequency buzz during the closure
I nt erval
Duration of closure.
F1 of fset frequency before closure..
F1 of fset transition duration.
F1 onset transition duration.
F1 onset frequency follow ng closure.

Precedi ng Vowel duration.
FI cut-back follow ng closure.
FI cut-back before cl osure.

VOT del ay after closure.

VOT cut - back before cl osure.

Fo contour before cl osure.

F contour after closure.

Amplitude of /i/ relative to vowel.

Decay tine of glottal signal preceding closure.

Intensity of burst closure.



A large nunber of studies (Raphael, 1972; Mernelsten,
1978; Ohde, 1978; Hogan and Rozyspal, 1980; Hillenbrand et al
1984; Dsha Rani, 1989) have been carried out to determ ne the

i nportance of these cues in voicing.

Wile First formant transition has been studied by
Mernel stein (1978), Walsh and Parker (1983), Hillenbrand et
al (1984), Summers (1988), Usha Rani (1989), Fisher and Chde
(1990), Vinay Rakesh (1990), closure duration as a cue to the
perception of voicing in stops has been well docunented
(Li sker, 1959, 1978; Lisker and Price, 1979; Price and
Li sker, 1979; Stathopoul ous and Wisnmer 1983; Davis and
Sumers, 1989; Usha Rani, 1989; Vinay Rakesh 1990).

Voi ce onset tinme is yet another paraneter which has been
studied extensively by several investigators (Chde, 1978;
Keating, 1979; Lahiri, 1980; Ahned and Gupta, 1980; Keating
M kos and Ganong, 1981; Naganma Reddy, 1985; Usha Rani 1989;
Vi nay Rakesh 1990; Sreedevi, 1990). A few cues are said to be

maj or cues while others are referred to as m nor cues.

O late, interest has shifted to inportance of these
cues in child perception, this has resulted in a few
devel opnental studies. One of the continuing questions posing
those interested in verbal |anguage acquisition is whether
the childs perception of the speech signal is the sane as, or
different from adult perception of the same signal. Wether

the child first distinguishs only the coarser contrasts



between the sounds which reachs his ear is a continuing
gquestion. As the present study is concerned with preceding
vowel duration the review will be restricted to preceding
vowel duration as a cue for voicing in stop consonants and it
will be dealt in two subsections:

1) Studies on preceding vowel duration as a cue to
voi cing in normal adults.

2) Studies on preceding vowel duration as a cue for
voicing in children

1) STUDIES ON PVD AS A CUE TO VO CI NG I N NORVAL ADULTS:

Preceding vowel duration (Henceforth PVD) has been
reported to cue the voicing of stop consonants. Longer PVD
cues voi ced stops and shorter PVD cues voiceless stops, as in
Fi g- 1.

Vowel duration difference is often considered to be of
primary  percept ual i nportance to final stop cognate
opposi tions. Experinental evidence supporting this conclusion
consists primarily of a series of synthetic speech studies by
Raphael and his colleagues (Raphael, 1972; Raphael et al
1975; 1980). Raphael (1972) used pattern playback to
synthesi ze syllables [CVC(C)] ending in voiced and voicel ess
stop fricatives. In general final consonants were heard as
voi cel ess when preceded by vowels of shorter duration and as
voi ced when preceded by vowels of |onger duration. He
concluded that preceding vowel duration was both a necessary
and sufficient cue to syllable final voicing. Simlar
findings were reported in two subsequent synthesis studies by

Raphael et al (1975, 1980).
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These conclusions based on synthesis studies have not
been supported by nore recent work involving edited natura
speech samples. Fruin and Bischoff (1976) found that there
was no clear relation between length of preceding vowel and
perception of the final consonant, when CVC s recorded as

stressed citation were used.

Hogan and Rozyspal (1980) edited natural speech sanples
and denonstrated that while short vowel durations m ght
result in fewer voiced post vocalic consonants being
correctly identified. Cat egori cal changes in voicing
perception did not necessarily result. They also found that
vowels with intrinsically shorter durations such as /i/ and
/| showed Ilittle change in voiced-voiceless distinction

regardl ess of vowel duration.

Wardrip - Fruin (1982, a) presented 521 tokens derived
from 52 nonosyllables to adults. The subjects were asked to
judge whether the syllables ended in voiced or voiceless
stops. They concluded that syllable duration was a nore
significant cue to voicing feature than vowel duration. Al so,
preceding vowel could be reduced in duration by one third
wi thout eliciting voiceless response and it may be necessary

for desanbiguating final voiced stops.

It was shown that perception of voicing in Dutch in two
- obstruct sequences (CLC2) was affected by voice-onset tine,

voice termnation time, duration of the preceding vowel
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resonance and constriction duration of the second consonant
(C) in the sequence (Van Den Berg, 1986, 1987). Van den Berg
(1988) obtained the sanme results using natural speech C1C2

sequences.

Davis and Van Sunmmers (1989) exami ned the influence of
post vocalic voicing on vocalic and consonantal durations in
VCV sequences as conpared to VCV sequences. Their findings
suggested that neither vowel duration nor closure duration
are reliable perceptual cues for consonantal voicing when the
preceding vowel is stressed. Further, they suggested that
vowel length is a nore reliable cue for intervocalic voicing
than closure duration. However, vowel duration in itself not

an entirely reliable cue.

Usha Rani (1989) used the words /agga/ and /abba/ to
create stimuli with different preceding vowel durations. She
reported that on truncation of the preceding vowel duration,
no change in the percept was observed for the Kannada and
H ndi | anguage groups, at |east upto the truncation of 50
nmsecs. Vinay Rakesh (1990) using the sane stinuli reported of

simlar findings in Ml ayal am and Tel ugu.

Crowt her and Mann (1990) carried out experinents to test
the hypothesis by Chen (1970) that preceding vocalic duration
is a wuniversal cue to final consonant voicing in CVC
nonosyl | abl es. They conpared native speakers of Mandarin,

Chi nese, English and Japanese. Their experinmentation reveal ed
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that native speakers of English showed the strongest
i mpl enentation and sensitivity to vocalic duration as a cue
to consonant Vvoi cing. Mandarin Chi nese speakers showed
significantly weaker effects and the Japanese fell in
bet ween. These findings qualify theories about vocalic
duration contrast as a universal cue. Wile there my be a
universal tendency to lengthen the vocalic portion before
voi ced stops, the magnitude of the contrast seens to be

determ ned by | anguage specific considerations.

Fi sher and GOhde (1990) reported of increase in voicing
ratings across all continua, for synthetic CVC, when vowel
duration was increased. However, there was not necessarily a
change in the voicing category. Further, vowel duration was
found to be a less effective cue for continua termnating in

low as conpared to high offset frequencies.

2) STUDI ES ON PRECEDI NG VOAEL DURATION AS A CUE TO VA CI NG
| N NORVAL CHI LDREN

Review of Iliterature indicates that young infants can
discrimnate speech sounds across phonetic boundaries
regardl ess of specific relevant experience and that there is
a nodification in this ability during ontogeny such that
adults often have difficulty in discrimnating phonetic
contrasts which are not used contrastively in their native
| anguage. If this is the case it becomes inportant that one

knows what happens bet ween I nfancy and adul t hood.
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Devel opnmental studies in children, have risen froma need to
understand these nodification processes which occur during
the years the child is acquiring phonology. A dirth of
devel opnent al studies exist because of mmjor problens
involved in maintaining attention during testing, finding
appropriate response nodes and also in obtaining reliable
responses. The few that have been conducted have done so

using VOT, closure duration and precedi ng vowel duration

It is known that the acoustic features change during the
first six years in a systematic way (Kent, 1976). Evidence of
this enmerges fromthe studies by Preston, Yeni - Konshian and
and Stark (1967); Preston and Port (1968, 1969) Zlatin

(1972).

Koeni gsknecht (1968) found that perception of spectra
acoustic cues inproved significantly between the three years
old children, 6 year old children and adult groups. Garnica
(1973) and Zlatin and Koeni gsknecht (1975) report that 2-3
year old children were not consistent in identifying voicing

differences in stop consonants.

Zl atin and Koeni gsknecht (1976) studied devel opnment of
voicing contrast, wusing VOI, in ten two-year old children,
ten six-year old children and twenty adults. Both production
and perception was studied in these subjects. Resul ts
revealed that two and a half to three year old children had

w der phonene boundaries than older children and adults. By
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the end of the sixth vyear, children showed discrete
per cept ual categories with relatively narrow phonene
boundari es. Further, a developnental pattern of change,
primarily for voiceless stops, in the form of increased
correspondence between perceptual identification categories

and production VOI val ues was noted.

Wllianms (1977) performed a post hoc acoustic analysis
of naturally produced Spanish stops that had been identified
as voiced or voiceless by native speakers of Spanish. She
specul ated that Spanish l|isteners gave greater weight age to
the presence of an audible release burst and lack of |ow
frequency energy immediately following it as a cue for

voi cel essness.

In a study by Krause (1982, a) on the devel opnent of use
of durational cue in 3-year olds, 6-year olds and adults, the
duration of vowels was varied to construct three stinulus
conti nua (BI P- BI B, POT- POD, BACK- BAG) . Si gni fi cant
devel opnental differences were found in the perceptua
j udgenent of voicing. These were reflected in both the |ocus
of category boundary and the slope of identification
function.

Wardrip-Fruin and Peach (1984) found that 3-year olds
were nost sensitive to duration (vowels) and 6-year olds were
nost sensitive to spectral cues (final consonant transition)
but adults were able to use both duration and spectral cues

in maki ng judgenents of final consonant voi cing.



16

Flege and Efting (1986) studied the perception and
production of the contrast between /t/ - [/d/ by subjects
differing in native |anguage and in age. In the perception
task, boundaries of both native English and Spanish adults
occurred at significantly l|onger VOI values than those of

chil dren who spoke the sanme | anguage.

Lehman and Sharf (1989) conducted a study on 30 children
in the age range of 4.4-10.11 years and 10 adults in the age
range of 19.7-36.10 vyears. They studied production and
perception in these groups. Perceptual data was collected
using a synthesized speech continuum that varied the vowel
duration. Their results indicated that perception of category
boundary and category separation in children was adult Iike
at 5 years of age. Perceptual consistency was not adult |ike
until 10 years of age. Further, perception was consistently
nore advanced than production. This study supported the

results of the study by Krause (1982, a).

Bur nham Earnshaw and Cark (1991) tested English
| anguage environnent infants, two-and six-year old children
and adults for their identification of sounds of a native
(voi ced-voiceless bilabial stop) and a non-native (pre-
voi ced-voiced bilabial stop) speech continuum Categorical
perception of the two contrasts diverged with age, increasing

for native contrast and decreasing for the non-native
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contrasts between two to six years. This difference in
devel opnental course for the perception of native and non-
native contrasts indicates an effect of specific linguistic

experience on categorical perception.

Thus, this review indicates that sone investigators
support the view that PVD is a cue for voicing and sonme do
not. Also several of the studies indicate that the |anguage
and the subject is very inportant and |inguistic experience

plays a role in the perception.

However, nost of the studies done have been restricted
to non-Indian |anguages and the studies are conducted on
discrete age groups. A continuous tracking of speech
perceptual abilities in children would be nore fruitful in
the wunderstanding of developnent of speech perception in
children. In this context, the present study intends to track
the devel opnent of speech perception in Kannada speaking

children of 3-6 years for the cue PVD.
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METHODOL OGY

The nethodology wll be dealt under the follow ng
sub-sections:
I Devel opment of synthetic stimnuli.

| Per ceptual eval uation

DEVELOPMENT OF SYNTHETI C STI MULI :

Three plosives - voiced unaspirated velar plosive /g/,
voi ced unaspirated dental plosive /d/ and voiced unaspirated
bi |l abial plosive /b/, as enbedded in the nedial position of
four nmeaningful bisyllabic Kannada words (/b/ in 2 words),
were selected as shown in Table-1. These words node a m ni ma
pair with the voiceless cognate /k/, /t/, [pl/ respectively.

These words, each witten on a card forned the materi al

+ +

| Phonene Wrd |

+ +

| /d/ kade |

| /gl baga |
/bl t aba
/bl aba

+ +

Tabl e-1: Words selected for
this study (key phonene is
enphasi sed)
Subj ect
A seven-year old Kannada speaking male was selected as
the subject. H's speech was normal as judged by a speech

pat hol ogi st and had no hearing problem as reported.
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Met hod

The subject was seated confortably in a sound treated
room and was provided wth the stinulus <cards and
famliarized wth the words. He was then visually presented
wth the stinmulus cards one at a tine and instructed to utter
the words into a dynam c cardi ode m crophone (AKG D 222) kept
at a distance of 10cm from the nouth. The mcrophone was
connected to a digital tape recorder (DAT, TCD T3, Sony) and
the words thus wuttered were audio-recorded in netallic
cassettes. The speech material was transferred to a conputer
PC- AT (386) and digitized using a 12 bit ADC card, devel oped
by VSS, Bangalore, at a sanpling rate of 20KHz. These

digitized words served as the material for synthesis.

The wave fornms of the words were displayed on the screen
of the conputer to neasure the vowel duration preceding the
pl osive. Vowel duration was neasured as the duration between

the onset and offset of regular conplex wave form (Fig-2).

The wave form editor "DSW was used and the steady part
of the vowel was identified as that part wth steady
intensity in the waveform The steady portion of the waveform

was cut in steps of 2 waves until there was no steady state

(Fig-3).
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Totally 32 synthetic words were prepared, as depicted in

Tabl e- 2.
Word Tot al PVD No. of
Phonene PVD cut t okens
(in nmsec) (in nsec)

d kade 37.0 32.8 5

g baga 70.0 66. 4 9

b t aba 66. 45 50. 4 8
b Vabha 109. 6 81.0 10

Tabl e-2: Details of synthetic stimuli.

Token of each phonene set were random sed and iterated
twice and then audio recorded in a netallic cassette with an
interstiraulus interval of 5 seconds. Thus, totally 64 tokens

(32x2 iterations) were considered for perceptual evaluation

Il PERCEPTUAL EVALUATI ON:
Subj ect s

Thirty normal Kannada speaking subjects (ten each in the
age ranges of 3-4 years, 4-5 years and 5-6 years) served as
subjects. Each age group had 5 nmale and 5 fenale subjects.
Al the subjects had normal speech as per the opinion of a
speech pathologist and none of them reportedly had any

hearing | oss. Table-3 provides subject details.

Age Range Mean Age (In years)
No. Mal es No. Fenal es
3-4 years 3.9 3.9
4-5 years 4.6 4.7
5-6 years 5.5 5.7

Tabl e-3: Mean age of subjects
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Procedure:

The perceptual experinment was carried out in a quiet
roomat the All India Institute of Speech and Hearing, Msore
and each child was tested individually. The children were
seated confortably, facing the |oudspeaker, at distance of
3-4 feet from the |[|oudspeaker. The recorded stinmuli were

presented through the |oudspeaker at a confortable I|evel.

Children in the age range of 4-6 years were provided
with an alternate forced choice response and were instructed
to verbally repeat the stiunmli presented. However, children
in the age range of 3-4 years were conditioned for each set
of stimuli /k-g/, [/t-d/, [p-b/, using toys. Totally 8 toys
were used ( 2 toys for each set) and the toys were given the
nanmes depicting the word of the mnimal pairs. For Exanple:
One of the toy was naned as /taba/ and the other as /tapal/ as

in the follow ng picture.
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The children were to point to the toy which was
associated with the word heard. The response of the child was
recorded by the experinenter on a forced choice printed

response sheet.

Anal ysi s

The data thus obtained was tabulated and percent
response for the stimulus was calculated by the follow ng
formul a:

ot ai ned nunber of responses for the stinuli

X100

Expected nunber of response for the stimnuli
For eg: If the expected nunber of response for a stimuli is
ten and obtained nunber of response is six then the

per cent age response would be (6/10) x 200 = 60%

The percent response for voiced and voicel ess plosives
were tabulated for each of the test stinmuli on the basis of
which the identification and discrimnation functions for
each plosive were plotted. The percent response and the
identification and discrimnation functions were wused to

delineate the results.
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RESULTS AND DI SCUSSI ON
As no significant difference was found to exist between
the two trials (Mann-Wiitney test), percent response of both

trials are conbined and di scussed.

/t-d/ percept: Tabl e-4 shows the result for /t/-/d/
percepts and Figure-4 depicts the percent response for /t/ -

/d/, in all the age ranges.

It could be observed that there was no clear crossover
from/d/ to /t/ as the preceding vowel duration was reduced.
However there was an increase in the percent identification
of the voiceless percept /t/ from3 years to 6 years (Fig-5).
Wiile at the age of 3 to 4 years a low percent of children
identified /t/ percept, the «children identifying /t/
increased at 5-6 years of age.

Crossoveer was noted in the 5-6 years old nmales at
18.8nmsec. As the vowel duration was decreased there was an

increase in percent of voiced percept.

Vowel 3 - 4 years 4 - 5 years 5 - 6 years

durati on

(nsec) Mal e Femal e Mal e Femal e Mal e Femal e
d t d t d t d t d t d t

4.8 80 20 80 20 60 40 20 80 40 60 50 50

12.85 70 30 50 50 60 40 10 90 30 70 50 50

20.9 80 20 70 30 60 40 O 100 40 60 60 40

28.95 80 20 60 40 50 50 10 90 50 50 50 50

TaFl 6- 1008d &2 0+ 8 ndhis0 o0 - 34 -50-4RdBRcont-r-ast- -CKat-e -\s - - - - - - - - - -
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FIG-4a: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /t/-/d/ CONTRAST IN
3-4 YEARS
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FIG-4b: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /t/-/d/ CONTRAST IN

4-5 YEARS
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FIG-4c: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /t/-/d/ CONTRAST IN
5-6 YEARS
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FIG-4d: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /t/-/d/ CONTRAST IN
5-6 YEAR MALES
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/| k-g/ percept: Table-5 shows the results for [k/-/g/
percepts, and Figure-6 depicts the percent response for /k/-
/g/ in all the age ranges.

No clear crossover of percept from /g/ to [kl was
observed as the preceding vowel duration was reduced.
Children from 4 years to 6 years perceived a voiced stop
consonant for the entire continuum of ©preceding vowel

duration (3.6nmsecs to 70.0 nsecs).

Vowel 3 - 4years 4- 5 years 5 6 years
duration

(nsec) Mal e Femal e Mal e Femal e Mal e Femal e

g K g «k g k g «k g k g k
3.6 80 20 40 60 100 O 100 O 100 O 100 O
11.9 70 30 30 70 100 O 100 O 100 O 100 O
20.2 90 10 40 60 100 O 100 O 100 O 100 O
28.5 60 40 40 60 100 O 100 O 100 O 100 O
36.8 90 10 50 50 100 O 100 O 100 O 100 O
45.1 80 20 50 50 100 O 100 O 100 O 100 O
53.4 90 10 50 50 100 O 100 O 100 O 100 O
61.7 100 O 50 50 100 O 100 O 100 O 100 O
70.0 90 10 40 60 100 O 100 O 100 o0 100 O

Tabl e-5: Percent response for /k/ - /g/ contrast (Baka-Baga)

/ p-b/ percept: There were two sets of synthetic stimuli for
I p/-1bl percepts, one contrasting / aba/ -/ apal/ and the
other contrasting /tapa/ - /taba/. Table-6 shows the results
for /p/-/bl percepts for / aba/ - / apal Figure-7 depicts
the percent response for /p/ - [b/ in all the age

ranges.
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FIG-6a: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /k/-/g/ CONTRAST IN
- 3-4 YEARS
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FIG-6b: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /k/-/g/ CONTRAST IN
4-5 YEARS
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FIG-6¢c: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /k/-/g/ CONTRAST IN
5-6 YEARS
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FIG-7a: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
3-4 YEARS (/| apa/-/jaba/)
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FIG-7b: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
4-5 YEARS (/j' apa/-/ faba/)

PERCENT RESPONSE

100 - & * 4 : 4 W

80 m . = S —— e L et et

B0 s e R e A L ey

40 A A= = i VIR S — i s

T

20 E——— e e e e T PP | e

0_1\,.4———#———-——#—-——#———#——#——#————@ F $
0 286 376 466 556 646 73.6 826 916 100.6 109.6

VOWEL DURATION (msec)

——/b/ (M) —+—/p/ (M) ¥ /b/(F) —= /p/(F)



33

FIG-7c: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
5-6 YEARS (/[ apa/-/ [ aba/)

PERCENT RESPONSE

100 *—\——;7!—*——)1-—-%\1?;7)—& -. -

Bo e e e e e

60 e S

40 - —sres S e W —

20 e et O

-a

il —

0 t } - 1
0 286 376 466 5b6 646 73.6 826 916 100.6 109.6
VOWEL DURATION (msec)

—+—=/b/ (M) —t+=/p/ (M) ¥ /b/(F) —=/p/(F)



34

No clear crossover of percept from /b/ to [/p/ was
observed as the preceding vowel duration was reduced.
Children from 4-6 years perceived a voiced percept for the

entire continuum of preceding vowel duration (28.6 nsec -

109.6 msecs).
Vowel 3 - 4 years 4 - 5 years 5- 6 years
dur ati on
(msec) Mal e Fermal e Mal e Femal e Mal e Fermal e
b P b P b P b p b p b p
28.6 60 40 70 30 100 0 100 O 100 O 100 0
37.6 60 40 60 40 100 0 100 O 100 O 90 10
46. 6 70 30 50 50 100 0 100 O 100 O 100 0
55.6 80 20 70 30 100 0 100 O 100 O 100 0
64.6 60 40 70 30 100 0 100 O 100 O 100 0
73.6 70 30 50 50 100 0 100 O 100 O 100 0
82.6 50 50 60 40 100 0 100 O 100 O 90 10
91.6 50 50 50 50 100 0 100 O 100 O 100 0
100. 6 60 40 50 50 100 0O 100 O 100 O 100 0
109. 6 40 60 50 50 100 0 100 O 100 O 90 10
Tabl e-6: Percent response for /p/ - /b/ contrast ( aba Vs.
apa)
In the synthetic stimuli contrasting /taba/ - /tapal/

al so, no clear crossover from/b/ to /p/ was noticed as the
preceding vowel duration was reduced (Table-7, Fi g-8).
However, it was observed that the ability to discrimnate
bet ween voi ced and voi cel ess percepts decreased as a function

of age.
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FIG-8a: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
3-4 YEARS (/tapa/-/taba/)
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FIG-8b: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
4-5 YEARS (/tapa/-/taba/)
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FIG-8c: PERCENT RESPONSE AS A FUNCTION
OF PVD, FOR /p/-/b/ CONTRAST IN
5-6 YEARS (/tapa/-/taba/)
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Vowel 3 - 4 years 4 -5 years 5- 6 years
duration
(msec) Mal e Femal e Male  Fenale Mal e Fenal e
b P b p b P b P b p b p
7. 65 90 10 60 40 100 0 80 20 100 0 70 30
16. 05 90 10 60 40 100 0 70 30 100 0 80 20
24. 45 90 10 40 60 100 0 70 30 100 0 80 20
32.75 80 20 60 40 100 0 70 30 100 0 70 30
41. 15 80 20 60 40 100 0 60 40 100 0 80 20
49. 65 80 20 60 40 100 0 80 20 100 0 80 20
58. 05 100 0 60 40 100 0 80 20 100 0 70 30
66. 45 100 0 60 40 100 0 80 20 100 O 70 30
Tabl e-7: Percent response for /p/ - /b/ contrast (Taba Vs
Tapa)
D SAUSSI ON

The results reveal several interesting findings. First
of all, there was no change in the perception fromvoiced to
voi cel ess with decrease in the preceding vowel duration. Thus
precedi ng vowel duration was not a cue for voicing in Kannada
speaking children. This agrees with the findings of Fruin and
Bi schoff (1976); Hogan and Rozyspal (1980), Van den Berg
(1988), Usha Rani (1989) and Vinay Rakesh (1990) in that PVD

is not a cue for voicing.

These findings, however, do not support those of Krause
(1982, a) and Lehman and Scharf (1989) who indicated the

cuing nature of PYD for voicing in children.
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Fi scher and Ohde (1990) found that there was an increase
in voicing ratings across all <continua when the vowel
duration was increased wthout a change in the voicing
category. However, the results of the present study did not

reveal any such findings.

Wil e several of these studies have been conducted in
Anerican English and a few on Dutch, the present study is in
Kannada. The difference in the |anguages and their structure

may be a cause for the difference in results.

Second, no consistent developnental trend in PVD cuing
voi cing was noticed. However, children from three years to
six years showed an increase in percent identification of the
voi cel ess percept /t/. These results are not in consonance
with the findings of Krause (1982, a) and Lehman and Scharf

(1989), who reported a cl ear devel opnmental trend.

Third, there is sonme concurrence between the perceptual
data and production data. Wen the perceptual data is
conpared with the production data, in production vowels are
| onger preceding voiced stop consonants and are shorter
preceding voiceless stop consonants in 3-6 years old
children and in adults (Table-8). However, 3-4, and 5-6 year
old children show inconsistency in their production. At tines
the vowels preceding voiceless stops are found to be |onger

in duration (Savithri, 1992).
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Age Vowel Preceding Vowel Preceding VD)VL Ratio in

Range voi ced consonant voi cel ess Ratio English
(nmsec) consonant (nsec)

3-4yrs 64. 96 53. 45 1:1.21 -

4-5yrs 103. 02 98. 96 1:1.04 1:2.75

5-6yrs 78.71 85. 63 1: 0. 95 -

Adul ts 87.41 70. 3 1:1.24 1:1.64

Tabl e-8: Production data for preceding vowel and vowel
duration ratio in Kannada children and adults
(Savithri,1992) and in Anerican - English Children
and adults (Lehman and Scharf, 1989).

Al so, vowel duration ratios are found to decrease from

3-6 years and increase in adult hood for Kannada native

speakers. The ratio of vowel duration preceding voiced and

voi cel ess plosives are reported to be very short when
conpared to English both in children and adults (Table-8).

Also there is a large anobunt of overlap between the vowel

durations before voiced and voiceless stop consonants

(Fig-9a). Conparatively, the production range of Anerican

Engl i sh for 5 years old children and for adults do not

overlap (Fig-9b). This indicates the possibility of PVD not

being a cue for voicing in Kannada.

Satya (1992) has found that closure duration is a cue to
voi cing in Kannada speaking children.

In the production data, also, the <closure duration
ratios for voiced voiceless are greater than the PVD rati os,
this mght perhaps reflect the interdependency of production

and perception (Table-9).
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FIG-9a: RANGE OF VOWEL DURATION
ACROSS AGE IN KANNADA
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Age Range PVD VD WL CD WL/ VD
3 -4 years 1.21 1.38
4 -5 years 1.04 1.25
5 -6 years 0. 92 1. 37

Tabl e-9: PVD ratio and cl osure duration
(CD) ratio for voiced-voicel ess cognates
in Kannada speaking children
(Savithri, 1992).
Thus, between PVD and closure duration, in Kannada,
closure duration appears to be mgor cue for voicing,

rel egating PVD to the background. Also, in English, PVD is

reported to be a voicing cue for final consonants. In
| anguages |ike English, where final consonants exist, it
beconmes necessary that PVD be a voicing cue. However, in

| anguages |ike Kannada where no final consonants occur, the
| engt hening or shortening of PVD may not be necessary to cue
voicing of the followng consonants. Studies involving
mani pul ation of nultiple paraneters along wth PVD nmay throw

[ight on the nature of speech perception in children.
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SUWARY AND CONCLUSI ON

Speech perception in children is an area of focus in the
past 2 decades. The presence of developnental trends in
childrens perception has triggered several studies in this
area using various cues to perception. Variation in adult
perceptions across different |anguages has necessitated the
study of speech perception in children from different

i ngui stic backgrounds.

The present study was ained, at determ ning the cuing
strength of preceding vowel duration in the perception of
voicing of the follow ng stop consonants, in Kannada speaking
children (3-6 years), and to investigate the devel opnental
trend, if any, in the perception of voicing of stop

consonants with preceding vowel duration as a cue.

Three plosives - voiced unaspirated velar plosive /g/,
voi ced unaspirated dental plosive /d/ and voiced unaspirated
bi | abial plosive /b/, as enbedded in the nedial position of

four neani ngful bisyllabic Kannada words, (baga, kade, taba,

V aba) were sel ect ed.

These words as wuttered by a seven-year old nornal
Kannada speaking male, were recorded and digitized by a 12
bit ADC at 20KHz sanpling rate. These digitized words were
edited using the wave form editor "DSW. The words were
di spl ayed on the screen of the conmputer and the steady state
portions of the vowel were truncated in steps of two waves

until there was no steady state.
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In total there were 32 stimuli. These were random zed
and iterated twice and then audio recorded in a netallic
cassette. These synthetic stinmuli were audio presented to 30
Kannada speaking children (5 males and 5. fermales each in the
age range of 3-6 years with one year interval). The children
were tested individually. Children in the age range of 3-4
years were conditioned to the toys representing the word
pairs (Eg.baga-baka). On hearing the synthetic stimuli the
child was to point to the appropriate toy and the exam ner
wote the responses imediately on a printed forced-choice
format . In 4-5 and 5-6 year old children, verbal alternate

forced choice responses were obtained.

The percent response for each stimuli was cal culated on
the basis of which the identification and discrimnation

functions were plotted for each stinmuli.

The results indicated the follow ng:
1) Preceding vowel duration is not a cue for voicing in
Kannada in children (3-6 years).
2) No consistent developnental trend is present for preceding
vowel duration.

3) The perceptual data concurred with the production data.

In English PVD is a strong cue for voicing of stop
consonants in final position. Several reasons could be
attributed as to why PVD is not a voicing cue in Kannada. One

of the reasons is that in production data (Kannada), the
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ratio of the PYD voiced and voicel ess stop consonants is not
high and significant (Savithri, 1992). However, the ratio of
closure duration for voiced and voicel ess stop consonants is
hi gh. Thus, in Kannada the perceptual trend may follow the
production trend. Al so, the results of the study by Satya
(1992) indicate that closure duration is a cue for voicing in
Kannada which again is in concurrence with the production

dat a.

Another reason is that in Kannada, stop consonants do
not occur in the final position. In the initial position PVD
does not need to cue the voicing. In the nedial position PVD
is one anong the several cues and it mght be a secondary
cue. It is possible that, in the absence of other cues PYD
may cue voicing, or it may trade with other cues. It is
suggested that the trading relation of PVD with other cues be
investigated. Also, the inportance of several cues should be

delineated by manipulating nultiple cues at a tine.

The present study has contributed to the area of child
perception. First of all, it indicates that the devel opnental
trend reported in other studies mght be only for the najor
or sufficient cues. Second, the cues seem to operate
differently in different |anguages. Third, speech perception
seens to be related to the abilities of speech production.
Fourt h, inspite of the generalisations nade individual

differences seem to be present in the devel opnent of speech
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percepti on. It is not known whether these individua
differences are inherent or they are because of the
experimental set up. It is doubtful whether one could
generalize and if one could, care should be taken to see that

at least mgjority of the responses are simlar.
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