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CHAPTER |
| NTRODUCTI ON

The only reason that everyone understands each ot her,
and there are those who do a poor job of it, is that the
human mnd has developed into a remarkable seeker of
patterns. It receives the seemngly chaotic variety of
sights, sounds and textures, searches for comobn properties

anmong them nmkes associations and sorts them into groups.

In this sense, we all perceive in the same way. In speaking
to one another, one extracts the essence of sound and
meaning from utterances devise in dialect, vocabulary and

voice quality. (Borden & Harris, 1980).

In perceiving the speech conmuni cations of others, one
tends to inpose one's own point of view upon the nessages.
That is one often thinks he hears what he expects to hear.
If part of a word is missing, one's mnds supplies it and

one fails to notice its absence. (Borden A Harris, 1980).

In speech communi cati on, one retains hi s/ her
individuality and | anguage-based perspectives. On receivVving
the sane acoustic signal, the ears act upon this signal in
simlar ways. Those acoustic patterns that correspond to
the distinctive speech sounds overlap in tine which is

referred to as coarticulation. Thus, the process in which



the articulatory characteristics, features or properties of
one sound are nodified by another sound, is known as

coarticulation (Sharf & Ohde '81).

In the broadest sense, coarticulation refers to the
fact t hat in the production of adjacent or near-adjacent
speech sounds, the novement associated with one sound are
someti mes made simultaneously with nmovements associated with
anot her . Coarticulation production has been st udi ed
extensively whereas perception of coarticulation 1is being
studied only recently by Ali etal (1971) Lehiste & Shockey

(1972) Repp & Mann (1980) Fowier (1981) Nittrouer & \Whalen

(1989). These authors have studied the perception of
coarticulation in adults. Most of their studies correlated
with tho reports on production. They indirectly brought out

evidence to report the presence of coarticulation.

Percepti on of coarticuat 1i on in adults have been
studied in fricatives and stops the most, as it's easy to
apply the cut and splice technique for these sounds. Also,
the nasals have Dbeen studied. In the fricatives, t he
frication portions of |f} & o] carry nore consonantal
i nformation. Transition is also a mjor cue for tho
perception of tho fricatives (LaRiviero otal, 1970 Repp &

Mann, 1980). 2



So far as stops are concerned, when segments upto and
inciuding half the consonants of the cluster were present,
subj ect s identified the follow ng vowel . Li steners
performance in supplying the (m ssing) initiai or final

vowel was at chance.

General ly, adults were able to mmke use of t he
coarticul atory i nformati on, even when tokens were cut and
present ed in segnments which did not physically contain
cues. They make use of both place and manner cuoa but nmor o

of pl ace cues has been found (Kuehn & Moll 1972) Syl | abic
stress and length of the syllable duration also played
i nportant roles in the perception of coarticul atory

information from syllables (Fow er, 1981).

The adult listeners sort the phones into categories
prior to the point in time at which the closest approach to
a target (for that phone) is reached (Kuehn & Moll, 1972).
They make use of such strategies in this process, wher eby

there is nodification of acoustic pattern of preceeding and

followi ng sounds. For such sounds to be ©perceived or
i denti fied, there requires a degree of i nvari anco in
producti on. This is brought about by normalisation where
the listeners system conpensates for the discrepancy between

the encoding system of the speaker and the decoding system



of the listener. It has been found in all of adult studios
that adults do make use of this princip!e, whereby they nake
use of the coarticulatory information, even when the stimli
are presented to themwth as mninmm acoustic cues, as

possi bl e.

Can children also nmake use of such coarticulatory
informati on when presented with such stimuli ? 1Is there a

devel opnent al trend in the perception of coarticulation ?

At  what age do children nake use of adult - like strategies
in t he perception of coarticulation ? If there in a
correlation bet ween perception and producti on of

coarticulation, what is the extent ? Are n few continuing
guesti ons. In this context four nmajor studies have boon
done by Par nel | &Amerman(1978), Nittrouer (1989) Nittrouer Studdert -
Kennedy ( - 1986.-) and Sereno and Liberman (1987). The
results of these studies have partly indicated that children
start perceiving coarticulation as early as throe years but
it is not well defined as in adults. Though there 1is an
indication about the developnent of <coarticulation in
children, nmuch needs to be done in this area. In this
context the present study was planned. The aim of the
pr esent st udy was to find out the devel opnent of
coarticul atory percepti on Kannada speaki ng children in

the age range of 4 to 7 years.



CHAPTER ||

REVI EW OF LI TERATURE

Physi ol ogi cal | y, coarticul ation refers to t he
integration of generation of neural comands to the speech
nmuscul at ure, timng and novenent patterns of articulators
and aerodynamc forces, which results in the spreading of
features fromone sound to another. Acoustically, it refers
to the influence due to nodifications by certain contextua
features on the spectral and tenporal characteristics of
speech sounds and perceptually it refers to the interacting
effects of the contextual cues for consonants and vowels, in

the perception of sounds (Sharf & Ohde, 1981).

Coarticul ation is a phenonenon t hat hel ps in
mai ntaining the continuity of speech at the rate of speech
of 12 speech sounds per second. Perception too will suffer
due to the listeners' inability or delay in stringing
together all the uttered speech sounds and to make sense out
of them Also, this concept has provided a basis for the
el ucidation of mechanisns to account for the sound changes

observed.

Clinically, t he cont ext ual i nfl uence on sound
production was a concern before coarticulation devel oped

into a nmajor area of research. In recent years, research



has been directed toward clarifying the influence of context
on the production of error sounds by children and the

coarticulatory basis of the sane (Sharf & Ohde, 1981).

The contextual effects in adults' speech perception has
been variously studied across fricatives, stops & nasal a.
Also, the contextual effects in adults' speech perception
have been studied by using pre-vocalic & post - vocalic
transition. As the present study is on the devel opnment of
coarticulatory perception in children, a detailed review on
adult studies is beyond the scope of this chapter & only a

summary of these studies is presented in Table - 1.



Sl Aut hor Mat eri al Task Concl usi on
1 All, eta cVC &CWe To deternine the Results indicated that the presence of 1
(1971)
in which per ception of nasal consonants could be predicted and
final cons- coarti cul at ed that listeners utilize this infornation

onants were
[mor n] or
non- nasal
consonant s
(b,v,f,z,d)
The entire
final

consonant
along with
v-Cc transi-

ti on was

spliced away.

nasality.

to | engthen the phonene-processing |oad

Consonants  which  fol |l owed low back
vowel /al perceived as nasal wth
significantly , greater frequency than

vowel s /fu/, /el/, [il (highvowels).

Perceptually significant coarticulation
of velar opening across the vowel in CWN-
type sequences is supposed to have
counterparts in the coarticulation of

other articulatory gestures and this way

perception is related to producti on.




Aut hor Mat eri al Task Concl usi on

La R’vli ere Qv Syl labl es To study the It was found that:
?&%YO) c =s,[.f.E presence of useful °/ use vocalic information for
perceptible infot— perception and /S, f / use infornation
v=a,i, ,u mation in the fri- based on frication.
cative that precedes Transition is a cue for / and /8i/
t he vowel s Frication portions of d, and / ¢/ carry

nore consonantal infornation.

No evidence at RVL coarticulation had
on consonant recognition.

The pre-post vocalic segnent according
to the authors, may yield through a
nornal i zati on process i nfornation
concerning the dimensions of the vocal

tract, which facilitates phoneti c

interpretation of frication.




Aut hor Mat eri al Task Concl usi on
3. Kuehné& CV Syl |l able Per cept ual Acoustic segments precedi ng consonant s
Mol | out of which effects of contain' perceptual cues primarily
(1972) 4 trunca- forward coai — related to physiol ogi cal place of
tions were ticulation- liste- producti on.

made in each

of the phr-
ase final
boundary of
a) T+v+C
b) inital
boundary of
T+ V.
c) Center of

T+V

akty badcoop-
i deat yf get aked
consonants &

vowel s parti -

Per cept ual manner cues were not as

strong as place cues when related to

producti on.
Acoustic segments precedi hg vowel
contains  perceptual cues primarily

related to the front/back placenent of

the tongue for that vowel .

Majority of vowel confusions occur

bet ween vowel s  adj acent on t he




sl . Aut hor Mat eri al Task Concl usi on
d) Sl ope of
traditional vowel triangle
T+ V
e) Uncut This suggest listeners begin to sort
condi tion. phonenes into categories prior to the
point in tine at which the closest
approach to a target (for the phone) is
r eached.
4, Lehi ste VCV Syl | abl e To deternine Resul ts showed that:
Eal C= /p,t,k/ whet her the change Listener's performance in supplying the
(1972). V=1_i,ea,ul in formant transi- (mssing) initial or final vowels was

tion due to the
anticipation of the
foll owing vowel s
were perceptual ly

significant.

at chance

A final vowel nay have an inplosive
transition or an initial vowel nay
have on expiosive transition are not

perceptible to listeners.




sl .

No:

Aut hor

Mat eri al Task Concl usi on
5 Benguer el Qusters Perception of Coar— Wien segnents up to and including half
and Adel man [kstr/, ticular 1ip-round- of the final consonant of the cluster are
(1975) /rstr/ and i ng present, subjects correctly identified
[rskr/ the vowel above chance |evel.
fol  owed by
Sone subjects identify the vowels even
one of the

vowels /il,
{yl or [ul
inall pos
si bl e conbi -

nati on.

when presented wi th short utterances.

No significant difference in perfornance

was found between French and English

subjects or subjects with and without

phonetic training.

As coarticulation begin by first
consonant of cluster, its likely that
sever al segnents contain infornation

whi ch can be used in perception process.




Sl. Aut hor Mat eri al Task Concl usi on
Coarticulation effects due to lip
rounding (as well as horizontal place of
articul ation) provi de per cei vabl e
information and is used in perceptual
mechanism to aid in speech sound
identification.
Mann FoV Assessi ng Per cep- Perception of /k/ was nore following /s/.
(1980) F=s,/ tual dependence of
This effect was found to be related to a
C=k t stops on precedi ng
coarticulatory influence of the preceding
V =a fricatives in synth-

etic & natural

speech.

fricative or stop production. Subj ect s
response to naturai CY were biased
townards a nore forward place of

articul ati on when CVS preceded by /s/.




sl. Aut hor Mat eri al Task CGoncl usi on
Hepp, & v Perceptual evi dence of Formant transition onsets followng stop
Mann, FoV Frie-stopcoarticulation consonants release were systematically
(1980) VFCV was studi ed. influenced by the preceding fricative.
Wier e
zF3 and F4 tended to be higher follow ng
C=/t, K y
/ s/ than when follomingggj,,
F=/s,f/
V=/a, ul Coarticulatory effects were equally large

in FQV/ (/sta/) and vfcv/asta/ i.e. weren't
reduced when syl | abl e boundary intervened

between fricatives and stop

Identification of stop consonant depended
on the place of articulation which reveal ed
coarticulatory effects due to excised

fricative context.




SI.

No.

Aut hor

Soli,

(1981)

Yeni - kom
Shi an&
Soi |,

(1981)

Mat eri al

4 -7

f8, &, 8., 3/
inisolation
and in

pv where

v=/a, |, ul

Task

Concl usi on

Recognition of vowel s

frominformation in

fricative, perceptual

evi dence of fricative

vowel

coarticul ati on

Presence of peaks in fricative spectra in-
dicate that during latter part of fricativ-
es constriction begins to open in anticipa-
tion of vowels and hence format excited.
Fricative place of constriction assin -
lated to high vowels /i,u/results indiff-
erent formants.
not seen with/a/ as two

Such effects

opposing gestures are involved wth

m ni mal overl ap.

Hgh vowels /i/and /u/ are identified

60% to 80%of the tinme mall fricative
context (wth exception of /i/ in context

of /s /.




Sl.

Aut hor

Mat eri al

Task

Concl usi on

10.

Fowl er.

(1981 a)

After splicing
at the center
of the conson-

ant .

VCV

Per ception of coar-

ticulation in stressed

vowel s.

The above shows that fricatives segments
with high vowel identification scores
exhi bi t clear evidence of spectr al

changes associ ated wi t h vowel s.

These are explained as due to variation
in articulatory conpatibility of tongue
novenents required to produce fricative-

vowel sequences.

The use of voicel ess stops may nake a dif -
ference in both perceptual salience of
coarticulatory influence into/out of a
consonant, and also in the occurrence of

such effects. This precludes any




Sl

Aut hor Mat eri al Task CGoncl usi on
coarticulatory effect of a final stressed
vowel on transition from an initial
stressed vowel to voicel ess stop
1 Fow er. Shortening that nay be seen is not
(1981 b) articulatory shortening, but reflects the

sort of articulatory overlap reported by
ot her authors. This is identified as
shortening only because neasurenents
do not include those parts of its
coarticul ation extent wher e anot her

segnent predoninates in the signal

This articulatory and shortening measures
together suggest that consonants and

vowel s are overlapped in production in a




Sl.

Aut hor

Mat eri al Task Concl usi on
consistent way wth the perceptual
segnents of the acoustical signal
12. Fowl er. Coarticulation does not destroy the
(1985) coherence of features of i ndi vi dual

phonetic segnments or the separation anong

di stinct segments.

This research on CV coarticul ati on rerges
wth production research where se-
gnent durations are nmeasured. In that lit-
erature, vowels are neasured to shorten

as consonants are added to a syllable.




Sl.

Aut hor

Materi a

Task

Concl usi on

Stressed vowels are neasured to shorten

as unstressed vowel s are added to a word.

Al so Fowier has repeatedly found that
percei ved duration of vowel does exceed

its neasured duration

Tabl e-1: Summary of studies on coarticul ation.




CH LD STUDI ES

Wiite coarticulation and its perceptual ef fect, has
been well studied for adults, only recently it has been
studi ed devel opnentally. Four studies have been conducted

in the area of coarticulation in children.

Parnell, & Amerman (1978) investigated the maturationa
influences on the coarticulatory effects. They took three
experinmental groups consisting of ten four-year-olds, 10

el even-year-old and 10 adults. The listeners were provided

wth stimuli which was ainmed at in the following nanner.
The nmaterial used for the study was CV syllable, where
C =Ip,t, k!, V="Tlai,ul. From the intact syllable, the

foll owm ng subsegnents were isolated.

1. Burst + Aspiration (B + A

2. Burst + Aspiration + Vocalic transition (B + A + V)
3. Vocalic transition alone (VT) and

4. Vocal transition + Vowel

This was for experinent - |.

For experinent 11, tho syllables |!ti}, |ta; and !tu
were segnented in a manner simlar to task -1. The

voi celess stop |t} rather than ;p;, or k; was selected as

19



the consonant on the basis of the observation nade by the

previ ous investigators.

The results of this investigation provided additiona
evidence of the adults' ability to utilize coarticulatory
information to aid speech perception. The adult subjects
were able to identify both consonants and vowels in voice

teas stops + vowel syllables with significantly above chance

| evel . Observations, suggest that skills for decoding
information i.e. provi ded by a speaker's coarticul ation
behavior are available and operant in the per ception

mechani sns  of young children of both sex by the age of 4
years. However, results also indicate that these perceptua
functions. in young children are nmuch less efficient than

t hose observed for the ol der popul ation.

The 4 year old children differed from 11-year old
children and from the adults primarily in their less
effective use of segnents that contained a peri odi c
information (B + A) and B + A + VT segnents. Consistency of
responses reflect devel opnental i nfl uences relating to
i ntra-subj ect variability. The 4-year-olds were | ess
consistent than 1l1-year-olds and adults. The perceptua
confusions indicate an association between subject age and

magni tude of preferences for error substitutions.

20



Age Preferences for error substitution

Four year old Evenly distributed for a given syllable

bet ween two response alternatives.

El even year old Less than four year old, i.e. nore con-

sistant substitutions of one syllable.

Adul ts Most marked substitution preference.

a der i ndi vi dual s showed a wel | defi ned and
consi stently applying strategies for guessing"” governed by
"rules" for rmaking perceptual decisions on the basis of

m ni rum i nformati on.

The duration of the across stimuli affected t he
accuracy of responses, all age levels and stinulus of
| onger duration associated with greater accuracy of phonetic
i dentification. Thi s rel ationship refl ected t he
mat ur at i onal i nfl uences. The magnitude of positive
coarticul ation between duration and response accuracy

decreased progressively with increased subject age.
Age I nfluence of stinulus, duration

4-yr-old Greater influence exhibited than adults
than | 1-yr-ol ds.
21



11-yr-olds G eater than adults

Adul ts Less than 11-yr-olds.

This influence indicates presence of higher information

cont ent (in the precision of perception processing).
Conversely, the amount of influence present in | onger
duration stimulus nmay be no greater than that in shorter

duration segnents. However, response accuracy was enhanced
by increase in segnent duration. The additional durati on
permts the perceptual mechanism to carry out a nore
t horough detection and analysis of the relevant acoustic
characteristics of the segnent. Long duration signals are
nore perceptible as they bear resenblance to the speech

si gnal

Al though accuracy in utilization of coarticulation
information appears to be estimated at a level commensurate
in adul t perception by age 11, sever al response
characteristics observed in this investigation suggest that
nmodi fi cation of perceptual strategy may continue beyond the

11-12 years period.

The influence of stinulus duration on the response

accuracy of 11-yr-old children was less than for 4-yr-olds

22



but slightly greater than adults. The trend involving
consi stency of responses suggests that stabilization of
strategies has not reached asynptote by age 11. Subjects
becane progressively nore consistent in their response to

the four presentations of identical stinulus as age raised.

Ni ttrouer and Studdert-Kennedy (1986) investigated the
rol e of coarticulatory effects in the perception of
fricatives by children and adults. Their study tries to
del i neate the developnent of sensitivity to acoustic
vari ations, in children, by examning their responses to

coarticulatory effects in fricative vowel syllables.

Children at each of the ages, three, four, five and

seven years and adults identified tokens from a synthetic

isi - 1 fi continuum followed by one of the four natural
vocalic portion of li! or lul, spoken wth transitions
appropriate for either ;j; or S . Children denonstrated

larger shifts in fricative phonene boundaries as a function
of wvocalic transaction than adults, but relatively snaller
shifts as a function of vowel quantity; responses were |ess
consistent for children than for adults and differences

between children & adults decreased as children increased in

age.

23



It was expected that "s" responses would be given to
iu; tokens than to |i}. The size of this effect was |I|arger
for ju; than for |i}. Younger subjects denonstrated greater

transitions than older subjects, as they gave nore ' s '

responses to the !sul context than their ol der counterparts.

Thus, the younger subjects were nore influenced by
transitional information than ol der subjects & less by vowel
quality. This shows that vowel and transition effects are

addi tive.

Three-year, four-year and Five-year olds exhibited
shall ower slopes of identification functions indicating
their inability to pay attention to the task at hand. Vowel
effect was also found as the fricative spectrumdiffers as a

function the quality of the follow ng vowel.

Overal |, these results indicate t hat per cept ua
sensitivity to certain coarticulatory effects is present at
the age of three years of age. Mdreover, the decrease in
the effect of the vocalic transition with age suggests that,
contrary to a commonly held Vi ew, t he per cept ua
organi sation of speech may beconme nore rather than |ess

segnental as the child devel ops.

24



Sereno and Liberman (1987) investigated the effects of
lingual coarticulation in the speech stinmuli of five adults
and 14 children. CV syllables { ki , ka] ) were analyzed
acoustically and perceptually to determne the effect of
vocalic environnent on the preceding velar stop consonant.
In childrens data, the differences between the vel ar stops.
Preceding front and back vowels are not always present which

are in contrast to the adults' data where they ahow

significant coarticulatory effects. The stimuli of the
chil dren have poo! —vowel I dentification scores. The
children's' | Kaj spectra show peaks at approximtely the

sane locations as their K| spectra, and it seens that
listeners are sensitive to shifts because alnost all errors

are ka's; msidentified as |ki} |s;|.

Thus their experinent denonstrates that speech of sone

chil dren doesn't show perceptual effects of I i ngua
coarticul ation. The differences anong the «child speakers
did not correlate with age as the children whose |ki; and

i ka; spectra showed the nost simlar patterns weren't the

youngest children in study.

Nittrouer (1989) investigated the energence of phonetic

segnents wusing evidence from the spectral structure of

fricative vowel syll ables spoken by children and adults.
They hypot hesi zed that phonene- si zed phonetic segnents

25



emerge as functional wunits of perceptuo notor control from
the <child' s gradual reorganisation of the gestures formng

its early words or syllables.

A group of eight adults and four groups of ei ght
children each at the ages, three, four, five and seven were
the subjects for the study. Ten tokens each of t he
reduplicated syllables |sisi}, |sisi;!, |jufu and |/ uf u

served as the materi al.

From the patterns of |s} & |f| centroids and of F2
frequenci es before i} and !u!, it was observed that the 3-
year-old children already execute |lip-rounding and co-
ordinate it with tongue and jaw action in an adult-Ilike
f ashi on. The pattern of age related decline in F2
frequencies |lends further support to this argument. Vowel -

context ratios decrease with age, due to a much larger drop

in F2 frequencies before i} than before |u;.

Thus, it was nmade clear t hat children's stronger
fricative-vowel coarticulation, was evidently not duo to
child adul t differences in eit her construction or
anticipatory lip rounding. If children and adults do not
differ in anticipatory lip-rounding, the children's stronger
fricative-vowel coarticul ati on nust be due to greater
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overlap between their consonant and vowel |[|ingual gestures.

The authors argue that children's relatively poor
fricative differentiation and relatively strong fricativo-
vowel coarticulation, could be duo to their immature systens
of motor control and that they were perhaps trying to
produce intrasyllabic segmental contrasts identical to those
of adults, but |acked the nmotor skill to do so. However
the results of the earlier perception experiment (Nittrouer

& Studdert-Kennedy, 1986) i ndicate that the childrens’

per cept ual organi zations were |less segnental than those of
adul ts.

The chil drens’ fricative judgment s, presumably
unconstrai ned by their mot or control abilities, wer e

relatively more influenced by fricative-vowel transition and

less strongly by fricative-spectrum than adults’ judgment s.
The results indicate that, coarticulatory effect, the co-
occurrence of lip-rounding for the vowel with a preceding

fricative gesture, was the same for both groups of speakers
(adults & <children). Posi ti oni ng of the tongue during
fricative production, however, was found to be nore vowe

dependent for the children than for the adults.

Given this difference between children and adults in

per cept ual organi zation, one mght expect a corresponding
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difference 1in production. This is consistent wth the
hypot hesis that phonol ogi cal devel opment involves |earning
to reorgani se syllabic patterns of gesture into sequences of
phonem cally based patterns. The results also suggest
that this development nmay still be going on in early

chi | dhood.

There is also an alternative account of early speech
devel opment that holds that a child' s utterances are nore,
rather than |ess, segnentally organized than an adults'.
The inplication of this notion is that coarticulation
increases wth age, as a way of making production nore

effective.

Nittrouer & Whal en(1989) extended the work of Nittrouer

etal (1989) to answer the three follow ng questions.

1) Do the enhanced coarticulatory effects of children’

FV syl lables provide usable perceptual information?

2) If childrens' enhanced <coarticulation 1is percep-
tible, do the perceptual tasks indicate that the
age-related differences are greater in tenporal

extent or only in magnitude ?

3) Are there interactions between fricative & vowel
j udgment s when those judgnments are based on
fricative noise alone ?
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Three experinents were conducted to answer t hese
questions. In experinment | the speech material used was the
sane used in their previous study ( fi, Ju, si, su). There
were five slices extracted from each syllable, (1) The first
half of the fricative (1/2 f), (2) The first three quarters
of the fricative (3/4 f), (3) The entire fricative (all f)
(4) The fricative plus the first quarter of the vowel (f +
1/4 v) & (5) Entire syllable (all fv). The listeners were
asked to identify the syllable from which they thought the
slice was extracted and not just the upcom ng vowel, in order
to determne whether or not fricative and vowel j udgment s

interact to any extent.

The results indicated the follow ng:

1) Adult listeners were able to interpret correctly the
vowel information in the fricative noises of childrens

productions.

2) Identification of the vowel was generally better for
chil drens’ productions. When only the fricative noise was

gi ven, but was of essentially the same accuracy for adults’

and childrens' sanpl es when some or all of the vocalic
segment was present. This confirms the acoustic results
which indicated greater anticipatory coarttculation in

childrens' fv syllables than in adults.'
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3) The finding that listeners could correctly identify the
vowel in all the four adult's sanples coupled wth the
di fference in identification accuracy between adul ts’
children's productions indicated that both sources of vowel

informati on were used.

In experiment -11 the questions, concerning the Line
comes of childrens' enhanced coarticulation and interactions
of fricative and vowel judgnents were standardized. In
addi ti on, the relation between perception results and

earlier acoustic findings were nore closely exani ned.

Three groups of speakers served as subjects. Goup | -
4 adults (2 nmales and 2 females); Goup IIl - 4 children
of ages sanples 3, 4, 5 7. Goup IlIl - 2 children ( 4

5 years).

The results of experinment Il supported the findings of

experinment |I. The results indicated the follow ng:

1) Fricative identity was easier to recover from
adults' productions than from childrens' but vowel context
was recover ed both nore reliably and earlier from

childrens'.
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2) For vowel identification, sanples from the adult-
like children were not adult tike, but rather denonstrated
nore accurate judgenments beginning earlier in the fricative

noi se, as did sanples from the child-Iike group.

3) Correct identification of the vowel for childrens
productions was found in the case of msidentifications of
the fricative. The main prom nence of the noise was tower
in frequency before ju; than before i} & }j} noises are

| ower than |s;.

There are evidences for interactions between vowel and
fricative judgements. Having established in experiment Il
that there was an interaction between fricative and vowel
judgenments, experinment IIl was carried out to investigate
the magnitude of this interaction. For this, the fricative
was i dentified to the listeners (converse of t he

experiment).

For those syllables which showed an interaction between
fricative & vowel judgenents in experiment |1, i.e. AEEE
1 ful were used, knowing the fricative identity resulted in
an average gain in vowel identification scores of 22% points
for adults' sanples & 17% points for childrens' sanples.
For the syllables that did not denonstrate an interaction
bet ween fricative & vowel judgments (i.e. Ljul, Vi),
knowing the identity of frication contributed Ilittle. I n
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the earlier two experiments, the ability of the listeners to
accurately judge fricative identity for childrens’ sanpl es

actual ly degrade vowel identification scores.

On the whole, the follow ng answers, were found to tho
three questions posed:

1) The greater coarticulation between vowel and

fricative gestures reported by Nittrouer (1989) for

childrens' speech was perceived by adult |isteners as

phonetic information and not as noi se.

2) The enhanced coarticulation of children's FV
syllable was greater in tenporal extent, as well as in

magni t ude.

3) Perception of a coarticulated phone included both
processes that are independent on the recognition of
the promnent phone, as well as processes that are

i ndependent of recognition of that phone.

One additional result of interest wan also observed.
Tho F2 frequency per se did not determ ne perceptual
j udgenment s. Ni ttrouer etal (1989) showed that absolute
values of children's fricative F2 frequency were always

hi gher than those of adults. If identification of vowel
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context was dependent on this paraneter, all slices from
children's sanples would have been comng from i} context.
The fact that this wasn't seen, shows that |isteners' do not
perform direct acoustic phonetic mappings. Nei t her could
i steners have sone sort of normalization as the paraneters
consi dered necessary for normalization were not available in

t hese experinents.

In this experinent, listeners, <could, to a large
extent, separate the information concerning vowel identity
from information associated with fricative identity. It

thus, seens that when sinultaneous articulatory, events
shape different positions of the acoustic signal, listeners
di vi de t he si gnal into tenporal ly over | appi ng but
qualitatively separate wunits, about which t hey make
i ndependent phoneti c j udgenent s. I f si mul t aneous
articul atory events shape sanme part of acoustic signal,
i steners make dependent phonetic judgenents that divide the

signal into qualitatively separate units.

Thus, these studies indicate the possibility of
devel opnent of coarticul atory production & perception
However, wth these limted studies, nothing is conclusive
about coarticulatory developnent. In the present study, an
attenpt has been nmade to gain a know edge about the
devel opnent of coarticulatory perception in kannada speaking
normal children in the age range of 4 - 7 years.
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CHAPTER ITIT

METHODOLOGY
MATERIAL: Four voiceless stop consonants [ k| (velar)
It (retroflex), |tl (dental) & I|pl (bilabial) as embedded

in the medial position of four meaningful Kannada words were
selected for the study. These CVCV words (pa:pa, pa:ta,
pa:ta and pa:ka) had the same phonemes except for the stop
consonants which ensured the experimenter about the
contribution of the stop consonants. These words, as
uttered by a 22-year-old normal adult male were digitized in
a computer memory using a 12 bit A/D converter, at  a
sampling frequency of 8000 Hz with a filter cut-off

frequency of 3500 Hz.

Five synthetic stimuli for each word were prepared to
understand the perception of coarticulation aa cued by the
features-burst, transition, burst and transition burst,
transition and the following vowel. All the synthetic
stimuli were generated from the DWSSLC software developed by
the voice & speech systems, Bangalore. These stimuli were

as follows:
1) Original word =  -vbtv.

2) Stimuli from the beginning of the initial consonant

till the burst of the key stop = -Vcb.



3) Stimuli from the beginning of the initial consonant

till the transition of the Kkey stop consonant.
However, the burst were rempved using the cut and
splice technique = - Vt.

4) Original word with the burst renoved = - Vtv.

5) Stimuli from the beginning of the initial consonant
till the transition of the key stop consonant. The

steal yportion of the end vowel was renoved using the

cut & splice technique = - Vcbt.

The wave form was visually displayed on the screen of
the conputer and the transition was identified from the
begi nning of the onset of the regular wave after the burst
of the stop consonant till the steady state of the wave

Fig. - 1-4 shows the wave form of various stimuli.

Thus, totally 20 synthetic stinmuli were generated. The

stimuli for each word were random zed and iterated five
times to totally make 100 stimuli. Using the play batch
progranmme (Voice and Speech Systens, Bangal ore) these 100

stinmuli were audio recorded onto a metallic cassette with an
i nter-stinulus i nterval of one second & inter-iteration
interval of five seconds. These fornmed the materi al
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SUBJECTS: Two Kannada speaki ng normal children each in

the age range of 4-5, 5-6 & 6-7 years were selected as

subj ect s. Al'l the subjects had nornal speech as identified
by a speech pathol ogi st. The details of the subjects are in
Table - |II.

Age range Mal es Femal es

4-5 1 1

5-6 1 1

6-7 1 1

Table - 11. Details of Subjects Selected for the Study

METHOD: The synthetic stimuli were presented one at a tine
through two loud speakers positioned at an angle of 60 on
either side of the child. Ei ght cartoons were selected with
each cartoon representing a stinulus word. The child was
instructed that the M ckey Mouse, a brightly coloured mask,
woul d call out the names of the cartoons and he had to point
to them or repeat them The <child was <conditioned to
respond to two pictures kept in front of him For exampl e,
for the tokens of | pa:pa), he was instructed to point to a
pi cture when he perceived the final vowel and to another

pi cture when he did not.
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The subjects were tested individually in a townoise
room at the speech science [|aboratory, A Il.I.S H As
children lose interest very easily, a play nodel was adopted
which was a reinforcer. The m ckey nouse, with the rolling
up of ears was used as a reinforcer. The reinforcer was
used during conditioning when the child s response was

correct.

The responses were recorded by the experinenter on a
forced choice response sheet imediately after the <child's
repetition. Al these responses were tabulated and %

response was calculated by the follow ng fornula.

No. of responses for the key word

Percent response = x 100
Tota! no. of stinuli

Thus the % responses for the perceived presence or
absence of final vowel were tabulated for each of the test
stimuli on the basis of which graphs were plotted for each

wor d.
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CHAPTER IV
RESULTS AND DI SCUSSI ON

The aim of the present experinment was to study the
devel opnment al trend in the perception of coarticulation in
children ranging from 4-7 years of age. 20 synthetic tokens
wer e pr epar ed from t he four syl | abl es | pa: paj,
lpa:ta), |pa:ka] & |pa:ta] whi ch served as stinmuli. Each

set had the tokens arranged in the followi ng sequence

1) Original word - vbtv.

2) Stinuli from the beginning of the initial

Consonant till the burst of the key stop -vcb.

3) Stimuli from the beginning of the initial consonant
till the transition of the key stop consonant.
However, the burst was renoved using the cut and
splice technique - vt.

4) Original word with the burst removed - vtv.

5) Stimuli from the beginning of the initial consonant
till the transition of the key stop consonant. The

steady portion of the end vowel was renoved using

the cut & splice technique - vcbt.

The tokens used were

1. pvbtv, tvbtv, kvbtv, ttvbtv (-vbtv)

2. pvtv, tvtv, Kkvtyv, ttvtv (-vtv)



3. pvcht, tvcbt, kvcbt, ttvcbt (-vcbt)
4. pvt, tvt, kvt, ttvt (-vt)

5. pvcb, tvcb, kvch, ttvcb (-vch)

(Refer to the figures in the Methodol ogy section)

The first set (-vbtv) consisted of conpl ete vowe

information and the other sets successively regressed in
termse of vowel information. The intention of using these
five token was that the vowel information is truncated in

steps from 1-5 and if the plosive is coarticulating with the

vowel , inspite of decreasing vowel information the vowe
should be perceived. Hence, the % perception of vowe
depends upon the coarticulatory information provided by

various positions of the plosive and the voiced transition
into the vowel . The results of the study will be discussed

for each word.

STI MJLI | pa: pa]

Figure 5 depicts the percent response for the stinmulus
| papa, in the age range of 4-7 yrs. It was observed that
the <children in all the three age groups were able to

perceive the final vowel in the tokens one and two.

While the children in the age groups of 5-6 & 6-7 years
identified the final vowels in tokens three, four and five
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(above 50% ; the % identification for token four was reduced
in the age group of 5-6 when conpared to 6-7 yrs. The %
identification for token five was |ess when conpared to
other tokens in all the age groups. The % identification of
t okens one, two and three by children in the age group of 4-

5 was above 50% & was bel ow 50% for tokens four and five.
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STI MJLI | pa:ta|

Figure 6 depicts the percent response for the stinuius
Ipa:ta! in the age range of 4-7 yrs. It was observed that
the children in all the three age groups were able to
perceive the final vowel in the tokens one and two. Wi te
the children in the age group of 6-7 yrs identified the
final vowel in token three and four, % identification for
tokens four was reduced. The % identification for token
three and four reduced in the age group of 5-6 yrs when
conpared to that of 6-7 yrs. However, the final vowel
identification was above 50% For the children in the age
group of 4-5 yrs the % identification of tokens three, four

and five reduced bel ow 50%
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STI MULI | pa: ka]

Figure 7 depicts the percent response for the stimnuius
ipa:ka] in the age range of 4-7 yrs. It was observed that
all the chiidren were able to perceive the final vowel in

t oken one (above 50% .

The children in the age group of 5-6 and 6-7 years
identified the final vowel in token tw and the %
identification for token three reduced for both the age
groups. The performance identification for the tokens four
and five (5-6 yrs) and three, four & five (4-5 yrs) was

bel ow chance | evel.
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STIMLI | pa:ta]

Figure 8 depicts the % response for the stinulus
I'pa:ta! in the age range of 4-7 yrs. It was observed that
the children in ail the three age groups were able to

perceive the final vowel in the tokens one and two.

Wiile the <children in the age group of 6-7 yra
identified the final vowel in tokens three, four and five,
the % identification for token five was reduced. The %
identification for tokens three and four was reduced in the

age group of 5-6 yrs when conpared to that of 6-7 yrs.

In both the age groups 4-5 & 5-6 yrs, the final vowel
identification for token five was bel ow chance |evel

( less than 50% ).

Tokens Age range (in gears)

-6 6-7
1 100 100 100
2 100 100 100
3 50 100 100
4 25 75 100

0 25
5 50
Table - Ill% identification of final vowel.
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Table - 11l Summarizes, the % identification by
children of various age groups. To summarize, the results

indicate the follow ng: -

1) The percent response decreases from token one to token
five indicating that stop, coarticulation plays a rote in

the perception of vowel.

2) The % response increases from4 to 7 yrs indicating a
devel opnental tendency of coarticulatory perception. It is
evident that the ability to perceive coarticulation linearly

increases from the age of 4-7 yrs.

DI SCUSSI ON

The results reveal several interesting points. First

of all the ability to perceive coarticulation increases from

four to seven years. This is in consonance with Parnell &
Amerman  (1978). These authors too found a devel opnmental
trend in the perceptual processing. However, unli ke the

present study, they take into consideration the duration of
the acoustic stinmuli which was associated with the accuracy
of phonetic identification. Such an association reflects

the maturational influences according to the authors.

Nittrouer (1986), Nittrouer etal (1989), and Nitrouer &

Whalen (1989) also found role of coarticulatory effects in
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the perception of fricatives by children and adults. These
studi es delineate the devel opnent of sensitivity to acoustic
variations in children. Their results showed that three-
year olds and four -year-olds exhibited shallower slopes of
identification functions indicating their inability to pay

attention to take task at hand.

Apart from the conclusion sugesting per cept ual
sensitivity to coarticulatory effects, these studies further
suggest that perceptual organisation, of speech becones
nmore segnental as the child devel ops. The evidence for the
suggestion is obtained from the decrease seen in the effect

of vocalic transition with age.

It appears that the auditory processing of speech
signals matures and the processing is not yet complete by 7
years for coarticulation. This has inplications in the
rehabilitation of the hearing inpaired. In these <children,
the maturation my be delayed or if the maturation is normal
it is possible to use the information present in the stop to

elicit the perception of the follow ng vowel.

However, the results of the present study was not in
consonance with Sereno & Libermans' study (1987) in that,
there was no definite devel opmental pattern reported by them
Anot her interesting finding was that the tokens with vowe
transitions were identified better than those wth burst.
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This could be because of the slack articulation children
have at young ages. Table -1V shows data on the average
burst duration in children between 4-7 yrs (Savithri, 1992).
It appears that the burst duration increases wth age
i ndicating that children at young ages do not have firm
articulatory contact. If three exists a relation between
production and perception it's convincing that children who

do not have firm articulatory contact for stop production

will not perceive it either.
Age groups Average burst duration for
(yrs) the sounds |p; |t} 1tI & k|
4-5 6.92 nsecs
5-6 8.75 nsecs
6-7 13. 16 nsecs

Table 1V Average burst duration for the stop consonants

Pt it & 1K

While comparing data on coarticulatory perception with
that of coarticulatory production (Ganesh, 1993)~*, it was

observed that there was a correlation between the two.

However, the <correlation was not i near VWi | e in
perception the percent scores increased with age, in
producti on, the termnal frequency, transition duration,

extent of transition & speed of transition had a decreasing
* Personal communication
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trend from 4 - 5 yrs. However, at the age of 5-6 years,
there appeared a cliip.. it is not known as to why thisclip

appears in the age of 5 - 6 yrs.

The study derives significance from the point of view
of clinical applications. Talkers wth nornal hearing may
nmove their articulators continuously from one posture to

anot her when speaking (Chman, 1966, Fowl er, 1986). Such a

nmovenent is essential for cyclical nmovenents in speech
producti on. Such articulatory organisation is mssing in
t he speech production of the hearing I npai red and

intelligibility becones poor. (Tyc Murray, 1987).

Thus, It becones i nperative to I ncl ude t he
coarticul atory i nfluences too, into the schedules of
articulation training. However, one nust exercise caution
in being too anbitious regarding this issue. As there is a
devel opnent al pattern in the coarticulatory perception and
production one nust exercise caution while considering the
age group for which such training nay be adopted. Mor eover
much remains to be seen & studies bo carried out in depth
in this area. Nevertheless, this should lead to a positive
trend in the rehabilitation of stutterers, patients with

m sarticulation and the hearing inpaired.
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CHAPTER V
SUMVARY AND CONCLUSI ONS

The term coarticulation denotes an overlap in the
production of gestures for successive segments of an
utterance (MacNeil age '80). In the past, studies have been

conducted on coarticulation and there has been sone tight

thrown on the development of coarticulation in children
However, the research is not very conclusive and nmuch
remains to be done in this regard. The present study was an

attempt to investigate and gain insight into the devel opnment
of the perception of coarticuiation in Kannada speaking

children from 4-7 yrs of age

Four voiceless stop consonants velar - k|, retroflex
Itl, dental It & bilabial |pl embedded in the nedial
position of four meaningful kannada words were selected.
Five synthetic stimuli for each word were prepared using the
cut and splice technique (voice & speech systens,
Bangal ore). 20 synthetic tokens were prepared wth five
tokens in each set. Each set had the words arranged in the

foll owi ng sequence.

1. Original word - vbtv

2. Stimuli from the beginning of initial consonant till

the burst of the key stop - vcb



3. Stimuli from the beginning of the initial consonant
till the transition of the key stop consonant.
Bur st was remained wusing the cut and splice

techni que - vt.

4. Oiginal word with the burst renoved using cut

splice technique - vtv.

5. Stimuli from the beginning of the initial consonant
till the transition of the key stop consonant. The
steady position of the end vowel was renoved using

the cut and splice technique - vcbt.

These stinuli were random zed and iterated five tines
to make 100 stirmuli. They were then audio recorded onto a
metallic cassette wth an inter-stinmulus interval of one

second and inter-iteration interval of five seconds.

These stinmuli were presented one at a tine through |oud
speakers to six normal Kannada speaking <children (three
mal es and three fermales) in the age range of 4-7 yrs. They
were given two pictures for each word where he or she had to
point one word when he perceived the final vowel and to
anot her picture when he or she did not. The responses were

recorded by the experinenter on a forced choice response
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sheet after the child' s repetition. The responses were recorded

and graphs were plotted.

The results reveal ed that

1. The % esponse decreased from token one to token five
indicating that coarticulation of stops plays a rote in the

perception of the vowel.

2. Also, the % response increased fromfour to seven years

i ndi cating devel opnent al trend in t he coarticul atory
perception. It is apparent that the ability to perceive
coarticulation linearly increases from the age of four to

seven years.

3. There also exists a correlation between production and

perception of coarticulation to sone extent.

The results indicate that maturation may play a major

role and the auditory processing capacity appear to develop

in children. However, it is not conpleted yet by the age of
seven years. Whil e considering the pattern of devel opment
of coarticulation perception, one could well wunderstand that

caution should be taken to inplenent these research findings

in the rehabilitation of the handi capped.

57



Bl BLI OGRAPHY

Ai, L. H., Gall agher, T.. Goldstien. J. & Danitorr, R.
(197!). "Perception of roarticulatetl Nasatity" Journal
of Acoustical Society of America, 19(2), 3-2-5-2-3-1.-73s-~"

Benguere) A. P. & Adelman S. (t975) "Coarticulati<it) of tip -

Roundi ng and its Perception" in "Communi cation &
Cybernetics 11 Structure & Process in Speech
Perception.” Springer - Verlag, New York.

Benguer el A.P. & Adctman. S. ()976) "Perception of
Coarticulated Tip Rounding." Journal of Phonetics, 33.
)!3-126. n

Borden G J. & Harris K. S. ()980) "Spt-ech Pft-rrption"
in "Speech Science Primer" Physi ol ogy, Acoustics and
Perception of Speech", Wlliams & Wt kins, Baltimore

, Tow) or C. A. (JOHt!'t) " Production and Porroption of
Coar Lieutat ion Among Stressed and Unstressed
Vowel s , Jour nal of speech and Hearing Research, 2A

(1), 127 - 139.

Fowl er, C. A (1981b) "A Relationship Between Coartirutation
/ & Compensatory Shortening, Phonetica," 38, 35 - 50.

Fowl er C. A. (1983) "Converging sources of evidence on
spoken and perceived rhyt hms of speech: ryotic
production of vowels in ntonosyltahic feet," Journal of

Experi mental Psychol ogy: General, 3, 386-112.

Fowl or, C. A (1985) "Segmentation of f'oarticulated Speech
in Perception", SM - 8 (7), [-21.

Kuchn D. P. & Mol K. 1., (1972) Perceptna!l FT Toot s of
Forward Coarticul ation, Journal of Speech and Hearing
Research. 15, 854 - 861.

Lchiste J. & Shockcy 1. (t972). "On the Perception of
Coarticul ation Fffects in F.ugtish VCV Syttabtcs".
Jour nal of Speech and Hearing Research. 15, (3), 500-
508.

La Ri vi er e, C, W nitz, H. & Horriman F., (i970).
"Distribution of Perceptual Cues in F. nglish Pro-
vocalic Fricatjvcs , Jour nal of Speech and Hearing

Resear ch. *3, (1), 813 - 627.

58



Mann V. A. (1980), "Perceptual Dependence of Stops on
Preceding Fricatives in Synttxtir and Nat urnt Sp<-<<h |,
SR - 81, 85- 85.

MacNei | age, P. F.,(1980), Flectromyographic and acoustic
study  of the production of certain fina) cltjsters.
Journal of the Acoustical Society of America. 35, ! 8t -
463.

Nittrouer S., (1989), "The Emergence of Phonetic Segments,
Evi dence From Spectra) Structure of Fricative Vowel
Syl | abtes Spoken by Chil dren and Adul ts".
Journa! of Speech and Hearing Research. 32, 120 - tB2.

Nittrouer S. & Studdert - Kennedy M (1986) . "The Role
of Coarticul atory Ef fects in the Perception of
Fricatives by Children and Adults', SR - 88, 73 - 93.

Nittrouer S. & What en D. H., (1989). "Perceptual Effects of
Child - Adul t Di fferences in Fricative Vowel
Coarticulation", Journa! of Acoustical Soci ety

of America, 86, (4), 1266 - <276.

Ohman, S.E. G (1966). "Coarticulation in VCV utterances:
Spectrographic measurements." Jour nal! of Acoustica!
Soci ety of America, 39, 151-168.

Parnell M M, Amerman J. D. (1978) "Maturational Influences
on Perception of coarticulatory Effects', Journa! of
Speech and Hearing Research. 21(1), 882 -701.

Repp 0. H. (1985), "Some Observations on the Devel opment of
Antici pated Coarticu!ation", SR - 81.

Repp B. H & Mann V. A (1980), "Perceptual Assessment of
Fricative - Stop Coarticulation", SR - 63-64.
Savithri S. R (t992) "Development of voicing contrast in
3-6 year o!d Kannada speaking children", Proceed trtgs of
the workshop on speech technology, 11T Madras, 51-61.

Sereno J. A., & Li'~crman P.. (1987) Devel opment al Aspects
of Li ngui stic Coarticulation", Journa! of Phoneti cs,
15(3), 247-258.

Sharr, J.D., & Ohde N. K. (1981). fn "Physiologtc Acoustic,
and Perceptual Aspects of Coarticulation: | mplications
for the Remediation of Articulatory Disorders' in
Speech and Language: Advances in Basic Research and
Practice, Vol. 5, Edited by N. J. Lass (1981) Academ c
Press., New York.

59



SoJi

TyC

Y; ' ni

S. D. (t981) Second Formant in Fri entires : Acoustt”?

Consequences of Fricative - Vot ve! foarttcutnttot).
Journa! of Acousttcai society of America, 70(4), 97G -
984.

- Murray ()987), "FffC-tH oT Vowc! Cont ext on the

Articutatory Ctos'trc Postures of Deaf Speakers", Journal
of Speech and Hearing Research. no(t), 99 - )O01.

-Kornshinn G. H. & Soti S. D. ('H8t), 'Recognition of

Vowei s from |Information in Fricatives: Per cept ual
Evi dence of Fricative - Vowc) ('oarticu)at. ion", Journa!
of Acoustical Society of America, 10”) 9R6-915.

60



