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| NTRODUCTI ON

Prosody or suprasegnentals are properties of
speech, that have a domain larger than a single
element. As Pisoni & Sawusch (1975) suggest, " Prosody
may serve as the interface between low |evel segnental
information & higher levels of grammatical structures

in speech.

Haggard (1975) el aborates on this interface role
of prosody stating that, "Prosody carries di rect
phonetic cues to certain semantic & gramatical cl asses;
it therefore serves to restrict the search processes,
wher eby cont act is made bet ween cognitive

representation & acoustic representation”.

Prosodi c or supr asegnent al features are
l'inguistic abstraction, which exist in the mnd of the
linguistically conpetent speaker-listener. Real tine
physi cal events in the acoustic speech signal serve as
cues for the perception of prosodic features. The four
suprasegnent s are stress, i ntonation, juncture &
rhythm Stress refers to the accentuation or enphasis,
laid on syllable or word. Intonation refers to
variations in pitch as a function of tine. Juncture
refers to the boundaries between the phonol ogica

units, signalled by segnmental nodifications. Rhyt hm
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in the conventional usage, refers to the pattern of
accents / stress on a string of syllables. The
rhythmec pattern, as defined here, S assuned
ordinarily to consist of upto seven syllables or so.
In general, it has been agreed upon, that there exists
sone rhythm in speech & that it gives; a shape to a
sentence, an idea of the length of a sentence & nel ody.
It also marks the begining & ending of a phrase & hel ps
in menorizing a particular prose or poetry & leads to

the ease of pronounciation.

In the past, several investigators, have attenpted
to explore the prosodic features in various |anguages.
Wil e studies on prosodic features in |anguages, other
than I ndian are abundant, those on Indian |anguages are
scarce. Several researchers, (Wodrow, 1809; Fraisse,
1956; Ainsworth 1972; Lehiste, 1977, Martin, 1979;
Fant, 1980; Nakatani etal, (1981) have studied rhythm
in English. Bal asubramani an (1980), Hayes & Lahiri
(1991) & Savithri (1991) have studied rhythm in
| ndi an | anguages. Ref erence to rhythm has also been

made by Sanskrit scholars & in Kannada (Karki, 1986).

If there exists no rhythm speech breaks down
leading to 'dysprosodia'. The sense of rhythmis not
properly developed or is disrupted in the hearing
impaired, stuttering, cluttering, dysarthria, aphasia &
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verbal apraxia. (Schalanger, 1976; Parkhurst, 1978;
St at hopoul as 1986 Starkweather 1987). These patients
need to be evaluated & rehabilitated for which one
needs to know about the devel opnent of rhythm Pr osody
is intrinsic & critical in both production & perception
of speech, & that efficient rehabilitation on ot her
di mensi ons, nmust incorporate an understanding of these
functions of prosody. It also calls for a test of
rhyt hm The devel opnental studies of rhythm in the
l[iterature, indicate that the segnental timng shows a
devel opnental trend in children. By 15 nonths of age,
rhythm starts developing & it continiues till 12 vyears
of age, (Atkinson - King 1973, Keating & Kubraska
1978). Till date, only one test, T-TRIP (Tennesse Test
of Rhythm & Intonation) is available (Koike & Asp,

1981) T-TRIP is a three part suprasegnental test. It
has twenty five test itens. Itens for rhythm consists
of 1 to 17 in Part | & Il. The rhythmc patterns have

two levels of stress (stressed / unstressed) & two
levels of tenpo (regular / quick) for each syllable.
However, the T-TRIP has several |imtations, one being
the inability to achieve an adequate control over
frequency. Also, for the perception of rhythm only
intensity cues & durational cues are utilized. The cue

of fundanmental frequency is not considered.

Wth this test, it is difficult if not inpossible,
3



to evaluate rhythmclinically & provide rehabilitative
nmeasur es. There Is a need to under st and t he
devel opment of rhythm on the basis of which a test
could be fornulated. In this context the present study
was planned. The ains of the present study were two
fol d: - (1) to find out the developnment of rhythm in
2.6 years old to 6.6 years old Kannada speaking norna

children & (2) to propose a synthetic test of rhythm

The proposed test, on validation, <could be wused as
a reasonable clinical tool for assessing rhythm as a

base for therapy.



REM EW G- LI TERATURE

The literature pertaining to rhythm has been reviewed

under the follow ng headi ngs:

Definition of rhythm

1. Mdels of rhythm

I1l. Functions of rhythm

| V. | sochrony & other rhythm rel ated studies

V. Studies on rhythm in Non-Indian |anguages &

| ndi an | anguages

VI. Tests on rhythm

VI 1. Devel opnent of rhythm

DEFIN TION G RHYTHM : -

"Wiat a tangled web we weave = ...
Ham et's statement aptly describes the literature that
has attenpted to provide definition of rel evant
t er m nol ogy. The study of suprasegnentals & prosodic
features is not lacking in descriptive ternms, but is
lacking in agreed upon definitions of these terns.
Consequent |y, nost people rely on a traditional
definition of rhythmas the pattern of beats within a
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strict metric schene, a definition, that is t oo
restricted for Understanding the rhythm of speech.
There are two prosodic features which describe the
tenporal chracteristics of a spoken utterance: tenpo &
rhythm Tenpo is the rate at which utterance is spoken
& rhythm of an wutterance is the pattern of tine
intervals which elapse between the occurrence of

stressed syl l ables.

Rhythm is derived froma Geek word 'Ruthnos',
where 'rhu" neans flow Rhythmis defined as a pattern
of novenents which occur with nore or less tenpora
regularity. Rhythm is a certain swing or balance in
bodi | y novenent, nusic or verb or phrase. [Encyclopedia

Britanica, 1965]

In Sanskrit literature, 'rhythm is a neasure of
time. The term 'rhythmi neans netrical novenents,
determned by various relations of long & short or
accent ed on wunaccented syl ables. Lashl ey (1951)
assi gned great inportance to rhythm & suggested that
rhythm is a substratum for virtually all perceptual &
notor activities. Rhythm may be defined as a tenpora
patterning. Hrushvsky (1960) wites on the subject of
poetic rhythm for eg, "V can observe many rhythmc
factors : netrical sequences & deviations from their
ideal norms, word boundaries & their relations to feet
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boundari es, syntactic rel ati ons, wor d or der

synatactic tensions, repetitions & juxtaposition of
sound, neaning, elenents, etc. Practically, everything
in the witten poem can contribute to the shaping of

the rhythm'

Rhyt hm may be broadly defined as the "structure of
a sequence". (Allen 1975). This definition has two
i mplications, first it establishes rhythm as a
structure, which can therefore be understood only as a
rel ationship or a set of relationships anong the units,
making up that structure. Second, it deliberately
| eaves open what those units are; they can be features
segnents, syllables, words, phrases or paragraphs or
even sneezes or total eclipses of the noon - all that
is inportant is that they occur in a sequence. Even,
the role of tinme is de-enphasized in this definition of
rhythm for although tinme is necessary for both the
production & perception of a sequence, if the structure
of the sequence, that defined it's rhythm& tine is the
only one of the several possible conmponents of that

structure.

1. MODELS OF RHYTHM : -

There are at least three nodels of rhythm -

(1). Conb nodel (Kozhevni kov & Chi stovich, 1965)



(2). Chain nodel (Kozhevni kov & Chi st ovi ch, 1965)
(3). Isochrony nodel. (Abercronbie, 1965)

According to the conb nodel, the units of
speech are executed according to sone under | yi ng
programmed tinme schedule. Preprogramming is akin to
open-loop control, in that, the control exercised, in
the system doesn't rely on the output. Preprogranmm ng
may also be defined as a set of commands that are
structured before a novenent sequence begins, & that
al | ows the entire sequence to be carried out,

uni nfl uenced by peripheral feedback. (Keele, 1968).

By ba B3 - (PH(ME.HE g)
_—
B B2 B
"‘(__ T '_T" i '?;"__‘“ _T'}‘_ - >
' => PREPROGRAMMING
, o FoR THE
N N X WORD
\ \ \
v > k.
= Tf)] T34 >3
EXECUTION
FoR EACH PHONEME
Fig. 1 - COMB MODEL
Accordi ng to the chain nodel, there is no

underlying tinme program or rhythm a given speech

gesture, sinply is executed after the proceeding tine



program or rhythm A given speech gesture sinply, i's
execut ed after the preceding gestures have been
conpl eted successfully. A chain nodel is for long term
timng & the conb nodel is for short term timng.
(Bernstein, 1967). A <chaining strategy for not or
sequencing assunes that the performance of any of a
series of novenents depends upon feedback, regarding
the acconplishnent of a preceeding novenent . The

chain nodel is depicted in Fig 2.

R, P Bs  (FPhonemes)

N i Al _>

| /s b5 | s \
\ P % N
\ / ; P
\ P .
v e . /s \
£

\‘ ; / Al > /1 : ’ /
\/ \\ ; ‘\\_,/, # \\\'
‘1I\'_'.‘1 éj {‘f’ 1 ™ Tﬁ 3
FEEDRAACK
S e S > A "'\w}_‘ e _?
.:::},r’fp” )(&x. /.-kﬁ/
Ry By g ~— =

Fig.2 - CuAinN WMODEL

Kozhevni kov & Chistovich (1965) el aborated a nodel
of speech production that incorporates syllabic wunits

ina rhythmc sequence, called a syntagma, which has an

aver age | ength of about seven syl |l abes. Kozhevni kov
clains that "only sequences of syllable commands are
rhythmcally organized; individual novenent wthin a

syl | abl e which provide for the transition from



consonant to vowel, adhere to their own intrasyllabic
| aws. They wrote, " the rhythmc figure
(pattern) actually exists as some independent sign of
a word (phrase) & =~ = = consequently, it is necessary
to assure the presence in the nervous system of specia

set-ups (groups of interrelated neurons) which provide
for the generation of conplex rhythmc sequences.
They regarded the basic elenents for speech progranm ng
to be sinple CV conbinations & suggested that nore
conplex conbinations (eg CCV, CCCV) & nerely cv
groupings assenbled so that certain CV wunits begin

before the preceeding CV unit is conplete.

In the 'isochronous foot nodel', the first
syllable in each foot is a stressed syllable. [If the
nodel is correct, the duration of every foot wll be
equal . This is depicted in Fig 3. The rhythm of an

utterance is the pattern of tine intervals which el apse

bet ween the occurrence of stressed syll ables.

7 \ 7 1 >~
\ \
- \ my
\ T T2 2 B, & 33
N@ o oo e s sassdP \Remems = "\“ ™ B2 2
< o dencte Stressad
q 12 ].* EX
o (PY 23 6\_1'1\&0\@5 j

_ " _ . e helneen TwWo
i 'T‘ ( \y & T;’_ -’.!\fi'f‘r.J\CCS AT

: Wles )
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11 FUNCTI ONS OF RHYTHM -

There is a tendency to speak out |anguages wth
fairly regular tinme/rhythmc unit, each of which has a
strong prom nence. These rhythmc wunits my be
conposed of different nunber of syllables. Syl I abl es
of longer units are spoken nore rapidly than those of
shorter wunits. Such rapid speaking of long syllables
results in weakening & unstressing of the | ess
inportant syllables & changes in the sound values of
the vowels of such syllables. The pauses after
rhythmc wunits nmay be increased or decreased. These
shorter or |onger pauses, when conbined with rapidity
or slowness with which we speak our phrases, help nake
the isochronic nature of our |anguages noticeable.
Continuity, rate & rhythm have traditionally been
consi dered as aspects of speech timng. Rat her than

bei ng a dinension of fluency, rhythm tends to

pr onot e/ enhance fl uency. It does this in severa
ways: - Unstressed syllables are shorted & thus
require less time. In addition, rhythmassists in rapid

speech production, by providing a neans for wus to
anticipate upcomng novenents. Martin (1972) says,
" . . the perception of early events in a sequence
gener at es expectancies concerning |later events, in real
tinme. Wen the events are sounds pr oduced by

conti nuous nmovenents, the perception of these, includes

11



cues as to the novenent dynam cs, involved in their

pronotion".

Hence it is not sinply, or not only that discreet
arrival times of accented syllables are induced from
earlier timng relationships but also that the tota
array time - varying cues in the continuous flow of
speech, wll project ahead the general outline of the
remai ning prosodic contour. These cues telegraph not
only tenporal changes, but nore generally, the whole
thrust of pattern of sounds yet to come. It is on this
basis, that one mght say not that the |I|istener
"follows" the speaker, but rather than the [istener,
given initial cues, actively enters into the speaker's
tenmpo. Rhythm hel ps the speaker to produce speech nore
quickly & also enables the listener to decode speech
nmore quickly. It is surprising for many people to learn
that the novenents of l|isteners tend to be in synchrony
with the syllabic rhythm of speech, produced by soneone
who 1is talking to them The listeners body seens to
respond to the rhythm of the speakers words, alnost as

if in a dance.

The role of the rhythm in pronoting fluency, cited
by Bruner(1973) as a criteria of notor skill | ear ni ng
was speed, efficiency & anticipation. Rhythm of speech
is special in tw ways. First, it is not a strictly

12



regular beat & sound, the tenpo of rhythm changes
during wutterances, in relation to word & cl ause
boundari es. Speakers are able to follow rhythm usi ng
them to anticipate & produce tenporarily accurate
speech nmovement, as the tenmpos of the rhythm increase

or decrease. Capacity for fluency comes from rhythm

Al t hough, [ittle is known about it, it is easier for a
child to anticipate the novement of speech & will gi ve
a sense of metric confidence, sim |l ar to t he
confi dence, a well practitioned athelete or musi ci an

feels, when performnig a task with superior skill.

| V. | SOCHRONY & OTHER RHYTHM RELATED STUDI ES: -

The term 'isochrony' refers to the phenonmenon
that in a stress tined |anguage, such as English,
stressed syllables follow each other at approximtely
equal time intervals. (Pike, 1945) Isochrony is a term
used for speech rhythm which refers to a patterned time
program underlying the sequences of speech. Two types

of rhythmc patterns are found on isochrony:

(1) Stress timed isochromny.
(2) Syllable timed isochrony.

In stress-tined |anguages, the stressed syllables
follow each other at approximtely equal tine
intervals. Eg: English. 1In syllable timed | anguages,

13



the syllables follow each other at regular tinme
intervals. Eg: French (Lehiste, 1977, Nakatani et al | 981).
Sever al experinents have been conducted to find out
i sochrony in speech. Wiile, the result of sone
experinments (Halliday, 1967; Higgins, 1972; Allen,
1972, 73; Lehiste, 1973, 1975) support the concept of
isochrony sone |ike Casse (1939), Shen & Peterson
(1962), Bolinger (1965), O Connor (1965) do not. It has
been opined that there mght not be a stricit isochrony

in a physical sense.

V (a). STUDIES ON RHYTHM I'N NON- |1 NDI AN LANGUAGES. : -

Zl atoustova (1975) studied rhythmec structure
types in Russian speech & found that rhythmc structure
cl asses conposed of two & three syllables which were
nmost frequent & the distribution of rhythmc structures
accordi ng to position of stress was far from
immaterial. HII etal (1977) studied the wunderlying
causes of rhythm in spoken British English. It was
found that although, there was sone tendency towards
i sochrony accounted for at nost 10% of the duration

structure of the rhythmc units.

Martin (1979) st udi ed about t he rhythmc

segnental perception. Thirty-Six basic sentences which

14



wer e si x-syl | abl e nonsense sequences of (a) Ether
vowel in the sentence was | engthened on shortened by
about 50, 90 or 130 nsec by conputer editing routines.
(b) the sentence was intact. The result indicated the
fol | ow ng: (a) Tenpo change effects were ubi quitous.
For instance, vowel ~changes in the first syllable
increased reaction tine to targets in their later
syl l ables. (b) Both vowel shorteni ng or || engthening
i ncreased t he target reaction tine. (c) Effects
attributed to processing tinme decreased, wher eas
effects attributed to stinmulus expectancy increased,
with time into the sentences. (d) Tenpo effects
persi sted throughout the experienent. It was concl uded
that the effect of tinme distortion of the stinmulus on
target reaction tine were produced, mainly by changes
in stimulus-included expectancy, & not changes in
processing tinme. The expected input to perception was
the acoustically intact utterance in both its rhythmec
& segnental aspects, these aspects were not perceived

i ndependent | y.

Poi nton (1980) stated that Spanish has no regular
rhythm in the sense of an isochronous sequence of
simlar events, be they syllables or stresses, but that
there is sone formof segnent tim ng, in which the

nunber & type of segnents in each syllable, together

15



with the presence or absence of stress, determne the

duration of a syllable.

Nakat ani et al (1981) studied Anerican English
speech rhythm using reiternat speech wth the prosody
of normal speech but without its segnental variations.
It was found that syllable duration was strongly
influenced by stress and by final positions in words
and phrases, but negligibly by nonfinal positions
within words and phrases. No isochrony was, however,

f ound.

Roy (1981) presented in his paper, an instrunenta
& phonol ogi cal evidence that Brazilian Portuguese has a
tendency towards stress timng. The evidences were as

foll ows: -

(1) Interstress durations are not directly
proportional to the nunber of syllables.

(2) Many differences in interstress durations are
not perceptible.

(3) Syl lable duration is inversely proportiona
to the nunber of syllables in a word.

(4) In causal speech, unstressed syllables are
del eted, which has the effect of equalizing

the nunber of syllables in each stress group.

16



(5) Shorterning processes, which reduce duration,

have the effect of aiding stress - timng.

Wol and etal (1982) studied French Ianguage &
rejected the notion of syllable timng for French.
French syllables are produced & perceived in rhythmc
groups, just as those of English. However, what serves
to establish rhythmc groups in French, IS a
l engthening of what is perceived as final syllable in
each group, whose vowel is generally unmarked by any
intensity increment. For this reason, it was proposed

to characterize French as being trailer - tined.

MIler (1984) described an experinent whi ch
attenpted to determ ne the degree of consensus, if any,
on the perception of syllable/stress-timed rhythm in
ei ght |anguages - Arabic, Polish, Argentinian, Spanish,
Fi nni sh, Japanese, Indonesian & Yoruba. Recor ded
| anguage sanples in reading & conversational styles
were presented to English & French phoneticians &
English & French non phoneticians. Results indicated
that Arabic was strongly stress - tinmed, Spanish and
Yoraba clearly stress - timed &

whi |l e Japanese, Finnish & I|ndonesian
were not clearly assigned to either rhythmc type.
Categorization of Polish was difficult. Even so,
| anguages appear not to fall clearly into dichotonous

17



rhythmc types, but to display features of both types

in different proportions.

Dauer (1983) studied stress & syllable timng
& conpared data from continuous texts in English, Thai,
Spani sh, Italian & G eek. The results show that
interstress intervals in English, a stress tinmed
| anguage, are no nore isocronous than interstress
intervals in Spanish a syllable timed |anguage, or any
of the other |anguages, investigated. A tendency for
stresses to recur regularly appears to be a |anguage
uni versal  property. The difference between stress-
timed & syllable - tinmed |anguages has to do wth
difference in syllable structure, vowel reduction and
the phonetic realization of stress and its influence on
the linguistic system Languages, |anguage varieties
or historical stages of a |anguauge can be considiered
nore or less stress-based, depending on differences in
these characteristics. It seens likely that rhythmc
regrouping takes place even in |anguages which have

been called syllable - tined.

Lehiste (1985) did a study on rhythm of poetry &
prose. This study was undertaken in order to tap the
rhythmc structure of spoken language & the netric
structure of poetry. The difference between t he
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rhythmc wunits used in English prose & poetry 1is not
really very great. The trochaic feet that were in the
focus of this study appear to be realized in very
simlar ways, regardless of whether the materials are
produced as poetry or as prose. Perhaps, this was an
i ndication that even though poetic form superinposes a
set of rhythmc constraints on spoken |anguages these
constraints operate within the possiblities provided by

the suprasegnental structures of the |anguage.

Wllianms (1986) exam ned sone features of Welsh
prosody & found that stressed syllables occur at
approximately wequal intervals. When the penultinmate
syllable was counted as stressed, a greater tendancy
towards isochrony was observed than if the nor e

intrinsically final syllable was counted as stressed.

The tenporal aspects in spoken English was tested
by Brad etal (1987) and found that once a stressed
syllable has been finally lengthened , the tiny
shortening effect of an unstressed syllable, across a
word boundary does essentially nothing to preserve
isochrony anong feet. A stress timng tendency was

noticed in English.
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The natural rhythmc patterns in English verse
were examned by Kelly etal (1988)and he gave evi dences
from children's performances in counting out rhynes.
It was found that the rhythm of counting out rhynes is
constrained by the principle of rhythmc alternation,

the nuclear stress & conpound rules & foot boundari es.

Fant et al extensively studied t he | anguage
specific patterns of prosodic & segnental structures in
Swedi sh, French & English, Processing on duration of
syl | abl es & phonenes in stressed & unstressed
positions. In French, they noted a finite anount of
stress - induced segnental | engt heni ng at phrase
internal |ocations, which is less prom nent than phrase
final prepausal legthening. Al these paraneters were
smaller in French as conpared to Swedish & English. If
conpared on the basis of the sane nunber of phonenes
per syallable, the stress - induced Ilengthening is
less in French than in the other two |anguages. They
referred to French as "syllable - timed" and Swedish &
English as "stress - tined" & postulated that the
stress timng is not a matter of physical isochrony of
interstress intervals, but a perceptual dom nance of
heavy syllables, the succession of which is sensed
qguasi - peri odi cal . A language is sensed as syllable-
timed, when these stress cues, including contrasts in

syllable conplexity & precision are reduced.
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The stress pattern, pause & timng 1in prose
reading were investigated by Fant etal (1989). Perfect
synchrony in pause realization was found in relaxed
rhythmcal reading only. In rhythmcal reading, stress
timng preserved synchrony across pauses in terns of
one/nore extra rhythmunits, added to the boundary.
These units were the tinme intervals of an internalized
clock which followed a relative short tine average of
interstress intervals, already executed & perhaps al so,
those that were just about to be executed. Stress rate
was found to be conditioned by the text & exerting an
influence of the criteria of rhythmcality, in pause
pl anni ng. Pause & final lengthening were simlarly

structured in nusic & in speech.

Fant etal analyzed the reading of word |lists,
conformng wth the text. The degree of durationa
reduction in connected speech, conpared to the isolated
words varied with the particualr word class & allowed a
hi erarchical ordering of content & function words.
Stressed syl | abl es tended to expand nor e t han
unstressed syllables in a change from vowel to a

di stinct reading node.

Garding etal (1989) studied Swedish prosodi c
phrase patterns. Two doubl e peaked prosodic phrase
patterns (a) with tw even accents. (b) Wth accented
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foll owed by deaccented, were used in an experinent, in
which the second peak was shifted in steps of 20 nsec
in a third category, a conpound phrase was created.
The stimuli were presented to the |isteners. Resul ts
indicated that pitch novenents over the vowels were
powerful cues for identification & also the spectral &

tenporal characteristics were inportant.

Farnetani (1990) studied the tenporal structure of
Italian noun phrase sentences & found that the degree
of prom nence decreased from stressed vowels in
nonfinal words, to rhythmically accounted unstressed,
to accented unstressed vowels. This investigation
contributed to the perception of Italian as a syllable -

timed |anguage.

In French, it was found that the accented
syllables at the edge of intonational phrases were
| onger than phrase interval accents, & a less clear -
cut durational contrast was found, (Fletcher,1991).
Cutler etal (1992) studied rhythmc cues to speech
segnent ati on & provided evidences from juncture
m sperception. It was found that there was an
insertion of a word boundary before a strong syllable &
deletion of a word boundary before a weak syllable.
Al so, boundaries inserted before strong syllables
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produce lexical words while boundaries inserted before

weak syl | ables produce granmatical words.

V STWIES GF RHYTHM I N | NDI AN LANGUACGES

Bal asubramani am (1980) investigated rhythm in
Tam | and postulatled that Tam| can be called neither
stress-tined nor syllable timed. Taml| can't be called
a stress-timed language in that stressed syllables do
not tend to occur at regular intervals of time. If by
stress-timed |language, it is neant that it takes one
unit of tine to utter one unstressed syllable between
two successive stressed syllables, 3/4/5 unstressed
syl l ables between two stressed syllables should take
the sane unit of tinme, Taml is clearly not a stress -
timed |anguage. Tam !l can't be called syllable - tined
| anguage, either, because if by this term it is nmeant
that syllables should occur at regular intervals of
times, it doesn't appear to be so. There was of course
sone found in the duration of syllables of particular

structures in Tam|.

Savi t hri (1991) studied rhythm in Kannada
| anguage. The result indicated that two feet occured
maxi mally followed by three feet and one foot. One of
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the perceptual corelates was equal timng, which was
identified by 27% of the subjects. However , t he

results gives little support to the theory of isochrony

VI TESTS OF RHYTHM

The Tennessee Test of Rhythm & Intonation Patterns
(T-TRIP) was devel oped by Koike & Asp (1981). It is a
three part suprasegnental test with 25 itens. The test
itenms consists of the nonsense syllable /ma/ that was
spoken and recorded wth different rhythm and
intonation patterns. The synbols in Fig.4. identify
rhythm (for exanple, stressed to unstressed for Item 1)
and intonation (from item no. 18 to 25). Misica
notations were used to indicate the appropriate tenpo.
The rhythmcal patterns had tw levels of stress
(stressed or unstressed) and two levels of tenpo
(regular or quick) for each syllable. Since stressed
syl l abl es usually have a higher pitch (Fairbanks, 1940,
Lehiste, 1970), the stressed syllable was designated
as high pitch (top line) and the unstressed syllable as
md pitch (md line). Each syllable was identified as
by a single dot ( a large dot for a stressed syllable

and a snmall dot for an unstressed syllable. For Part

|, the rhythmsection, - test items 1 - 14, - had 2 - 6
syllables (/mal/) that varied in stress and tenpo. In
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part I1: - item 15, 16, & 17: - the tenpo increased 1 -
3 syllables per Dbeat and this produced 3 - 9
syl lables. Ten three-year olds and ten five-year olds
imtated the pattern they heard. The five - year olds
scored significantly better then the three - year ol ds.
The T-TRIP al so appears to be sensitive to differences
between groups of different ages. Fig 4 depicts the

rhythm part of the T-TRIP test.
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RAYTHM  PATTERNS,

Benguerel etal (1986) studied tinme - warping and
the perception of rhythm in speech. Four tests were
constructed in which each stinulus consisted of a
sequence of Six clicks or Six syllables, each test
containing time - warped stimuli. Time - warping was
non-linear & progressive. Native speakers of English

French and Japanese were asked to rate the sequence as
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accel erating, regul ar or decel erati ng. Results
indicated that for a range of paraneter values of the
time - warping paraneter, stimuli were perceived as

regul ar. Mst of them were decel erating acoustically.

M|  DEVELCPMENT GF RHYTHM

Phonol ogi cal rhythm is the conbined result of a
nunber of concurrent sequential phonol ogical processes,
involving not just the tine intervals between syllables
& stresses, but also the very nature of syllables and
stress as wel | as a host of ot her
phenonena. ( Hrushovsky, 1960). Ingram (1974), Moskowitz
(1970), Smth (1973) & Waterson (1970) suggest that
rhythm of very vyoung children's speech wll be
syl l able-tined, since early polysyllabic utterances are
conposed | argely of redupl i cat ed or partially
reduplicated forns that are thenselves short sequences
of phonologically simlar, unreduced nonosyll ables. By
the age of 4 or 5 the rhythm becones nore adult
like, wth increased rate of a greater nunber of
reduced nuclei. These data also fit well wth the
presenting energing views of relationship between the
stress, rhythm & perceptual processing of speech
Table - 1 summarizes the devel opnent of speech rhythm

in children.
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Aut hor

& Year

Met hod / task

Fi ndi ngs.

Moskowi t z(1970)

Fonagy(1972)

At ki nson- Ki ng
(1973)

Ki r k(1973)

Snmi t h(1973)

D si non
(1974)

Hawki ns
(1974)

I ngram

(1974)

Eilers
(1975)

Keating &
Kubr aska
(1978)

Yairi (1981)

TABLE 1 :

Acoustic

of children.

Tested the relative
rhythm c
vVer sus
constraints
in children's speech

strength of
versus tonal
segnent a

correl ates
of one & two phrases

Studi ed 4-7 year

children & followed
after

them up
nont hs.

Sentence imtation
task in 18-36 nonth

old children.
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Children omt the
initial weak syllable
in a polysyllabic
wor d.

The earliest tw word

st ages had paralle
pitch novement. In |ater
utterances, final accented

syl l abl es were of greater
durations & the non-fina

syl lables had upward pitch
novenent s.

At the age of 12 years,
children percei ve &

pr oduce stress like
adult rmanner.

Tone was repeated nost

accurately, segments | east
accurately, with rhythmc
accuracy lying in the

i nternedi ate.

Children omt the inita
weak syllable in a
poysyl | abi ¢ word.

The average duration of
both vowel s & consonants
decreases as children
grow, suggesting that the
child' s accuracy & ability
to control the timng of
speech inproves with age.
Dur ati onal devel opnent a
trends were evident.

At one-two word stages of
devel opnent, chil dren do not
produce syllable sequences
with stress contrast, sub-
stituting stressed for un-
stressed syl | abl es.
Children's syllables wll
change in their relative
durations as accent related
rhythm c patterns mature,
since durational differences
are both perceptible &
important to the young
speaker.
Smal | er durational differences
between first & second
syl lables in the words, spoken
by a single subject from 15
nmont hs to 28 nonths.
Children start acquiring speech
rhythmat the age of two to
three years.

DEVELOPMENT OF SPEECH RHYTHM | N CHI LDREN



To sunmarize, the results of these st udi es
i ndi cate t hat t he segnent al timng shows a
devel opnental trend in children and that the children
start to develop speech rhythmas early as 15 nonths,
whi ch continues till the age of 12 years. However, the
nmet hodol ogi cal difficulties have restricted the nunber
of studies on the devel opnent of speech rhythm as a
result of which thorough investigations has to be done
in this area. In this context, the present study is
pl anned, the aimof which is to study the devel opnent
of speech rhythm in Kannada speaking normal children in
the age range of 2.6 - 6.6 years by using a synthetic
test for rhythm
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METHODOLOGY

MATERI AL: - In order to study the nature of
devel opnental trends in rhythmc patterns, the syllable
/ma/ was chosen as a stimulus, as it is acquired
relatively wearlier than other syllables (Jacobson
1971; H alle, 1968; Menyuk, 1972 & Tasneem 1976).
However, due to nonavailability of the nasal shunt,
tube, as an accessory for the synthesis of nasal sound
in the synthesizer, the syllable /ma/ was replaced by
its closest counterpart /ba/, the voice bi | abi a
pl osi ve. The syllable /ba/ was synthesized for a
duration of 500 nsee at a sanpling frequency of 8000 Hz
& a resolution of 10 msec, using the program CRT,
devel oped by voice & speech systens Bangal ore. The
acoustic paraneters, used to generate the syllable /ba/
are depicted in Table 2. The first formant (F1) was
kept steady for 80 nmsec at a frequency of Ohz & a
snmooth transition was introduced from 90 to 120nmsec &
from 120 to 500nsec a steady value of 750 hz was
i ntroduced. The second formant (F2) was zero till 90
nsec & from 90 too 120nsec, it increased to 1250 Hz &
from 120 nsec onwards, it was kept constant at 1250Hz,
till the end. The third formant (F3) was zero till
90nsec, & was transited to 2200hz at 120nsec, which
was Kkept steady till the end. The bandnidths had
constant values of 100, 200, & 300Hz for the first,

second & third formants respectively. The fundanenta
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frequency of the stimulus was at 120Hz for the duration
from O to 80nmsec & was raised to 140Hz at 120nBec,
whi chwas nmai ntai nedtill 450nmsec fr om400nmsec onwar ds, f undanent al

frequency declined gradually to 100Hz till the end.

The intensity of the stimulus was kept at zero at
the onset of the stinmulus & at 10nsec, intensity was
raised to 600RdB which was kept steady; till 80nsec.
Between 80 to 90 nsec, the intensity was increased to
657RdB in order to introduce a burst. At 90nsec, the
intensity value was decreased to 600RdB & at 100nsec,
the intensity was increased to 600RdB, which was kept
steady till 500 nsec. From 400nmsec to 500nsec,
intensity was gradually reduced to zero. Fig 5 shows
the spectrogram of /ba/. The nethod of reiteration was
used to generate rhythmc patterns, which were based on
a study in Kannada by Savithri (1991). Rhythmc
patterns, starting fromone foot to six feet were
gener at ed. One foot referred to stress on each
syllable, two feet referred to stress on alternate
syllables, three feet referred to a stressed syllable,
followed by two unstressed syllables & four feet to a
stressed syl | abl e, followed by t hree unstressed
syllables & so on. The construction of rhythmc
patterns were based on Fant's notion, where a neter is
a sequence of recurrent feet in a regular pattern.

Every netrical foot contains one strong syllable or
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beat or one or nore weak syllables & rhythm is

regul ar altlernation between stressed (strong)

a

&

unstressed (weak) entities. In this study, the relative

strength factor of the syllable /ba/ was generated in
t hree ways: - Vi z, by altering t he f undanent al
frequency, by altering intensity & by altering both
f undanent al frequency & intensity. Fundanent al

frequency was reduced in 5Hz steps & intensity was

reduced in 100 RdB st eps.

---->Duration- (nsec)--->

Par anet er s 0 - 80 80 - 90 90 - 120 120 - 400 400 - 500
F1 (H) 0 Transition 750 750
2 (H) 0 Transition 1250 1250
F3 (H) 0 Transition 2200 2200
FO (Hz) 120 Transi tion 140 140-100

| (RB 0- 600 657 Transition 800 800-0

Table - 2 Acoustic paraneters, used to synthesize /ba/.

Table 3 depicts the details of the intensity &

frequency of all the syllables, generated. From
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above syllables, rhythm patterns were generat ed. One
foot consisted of one strong syllable /ba/. Two feet
conprised of one strong syllable, followed by a weak
syllable, etc. The rhythm patterns were synthesized by
concatenating the respective syllables, wusing t he
program FADD (voice & speech system Bangalore). Six
stinmuli, eachinalteredfrequencylIntensity &fivestimuli in
altered intensity & frequency (both wvaried together)
were synthesized. Thus, a total of seventeen stinuli
were synthesized for the study. Using the program
'DI SPLAY' (voice & speech system Bangal ore), these
stimuli were replicated to make two distinct units & a
silence of 500 nsec, was introduced between the first &
second units, in order to be perceived as different
units. Thus, task 1 consisted of six rhythmc
patterns, where the strength of syllables referred to
intensity only. Task - 2 referred to the variation of
fundanental frequency alone & task - 3 consisted of
syl | ables, where the strength was determ ned, both by
frequency & intensity. Al these synthetic stimuli
were audi o-recorded, using a 12 bit DA converter on to
a nmetallic cassette, with an interstinmulus interval of
one second. These synthetic stimuli forned t he

material. This is depicted in Fig 6.
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0-30 nsec. 90- 120 msec. 120- 400 nsec. 400- 500 nsec.

Strong (FO Level s) 120 120- 140 140 140- 100
Syllable (I |evels) 0- 600 600- 800 800 800-0
Weak FO 115 115-135 135 135-95
syl | abl e | 0- 500 500- 700 700 700-0
weak FO 110 110- 130 130 130-90
syl l abl e | 0- 400 400- 600 600 600-0
Weak FO 105 105- 125 125 125-85
Syl | abl e | 0- 300 300- 500 500 500-0
weak FO 100 100- 120 120 120- 80
syl l abl e | 0- 200 200- 400 400 400-0
weak FO 95 95- 115 115 115-75
syl | abl e | 0- 100 100- 300 300 300-0

Table - 3 shows the details of the intensity and frequency of syllabl es.
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Following the construction of test material, two
experinents were carried out. Experiment | was the
| dentification of Rhythm Patterns by Adul ts &
Experinment |l was 'Perception of Rhythm Patterns by
children'. In the first experinment, all the seventeen

synthetic stimuli were used & followng the results of

Experinent 1, synthetic stimuli were selected for

Experiment - 11

EXPERI MENT - | | DENTIFI CATION OF RHYTHM PATTERNS BY
ADULTS.

SUBJECTS. - Twenty Kannada speaki ng nornal speech
pat hol ogi st & Audi oiogists (ten nmales & ten fenales)
trained in perceptual judgenent in the age range of 18
- 25 were selected as subject. Their hearing |evels

were within O - 25 dBHL - (ANSI - 1969).

METHOD: - The subjects were individually tested.
Al the seventeen synthetic stinuli (nodels) were
audi o-presented one at a tine to the twenty subjects
through tape recorder in a quiet room & they were
instructued to listen to each stimulus & imtate the
stimulus. They were allowed to listen to each stinuli,
at least three tinmes. These imtations were audio-

recorded on a cassette for further analysis.
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ANALYSI S: - Two judges evaluated the imtations.
The judges were instructed to carefully listen to the
nodel & imtation & wite "sane'/'different' depending
on the perception. The response, 'sanme' was scored
'one' & the response, 'different' was scored 'zero'
The total nunber of 'sanme' was calculated & the
percentage of this, was conputed seperately for the

three tasks by the follow ng fornula:-

Total score obtained for each synthetic
stimuli for all the subjects
-------- — X 100

Tot al possi bl escoreobtai nedbytwoj udges(40)

T test was applied to find out the significant
difference between the nean of the scores of the
experi nments. Rank correlation nmethod was adopted for

nmeasuring the interjudge reliability.

EXPER MENT - |1 PERCEPTION CF RHYTHM PATTERNS BY
CH LDREN
Subj ect s: - Forty Kannada speaking nor mal

children in the age range of 2.6 - 6.6 years wth 10
children each in one year range interval (2.6 - 3.6,
3.6 - 4.6, 46 - 56 and 56 - 6.6) were selected for

the study. Each age group had five male and five fenale
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children. Al the children reportedly had nor ma
hearing and normal speech and |anguage, as per the

eval uation of the experinenter.

METHOD : Based on the results of Experinment - |1,
the stimuli were selected for children. Analysis of
responses indicated that the stinuli, one foot, two
feet, three feet and four feet were imtated correctly
and it was difficult for the adults to imtate five
feet and six feet. So the children were presented only
till four feet in each of the experinental paradigns.
Each child was tested individualy in a room free from

external noise. Four to six practice trials were given

to each child for a famliarization of the stinmuli. The
children were audio-presented with one stinmuli at a
tine and were instructed to imtate the stimuli. The

stimuli were replayed for three times, when needed. Al
the imtations were audio-recorded on a cassette. Two
speech pat hol ogi sts analysed the imtations. The
scoring system was sanme as in Experinment 1. Rank
correl ation method was applied to find out t he
corelation between the two judges and the data were
tabulated and graphically represented in order to tap
the developnental trends of rhythm in children. Al so,
the 't' test of significance was applied to find out
the significant differences between the neans of each

group, under study.
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RESULTS

RESULTS : -
Experiment 1 - ldentification of Rhythm Patterns by

Adul ts.

Table 4 shows the percent response for each
stimulus. The results indicate that five feet and six
feet stimuli could not be imtated by adults. Conpar ed
to Task-1 and Task-2, Task-3 was better in that, in
Task-3 Stimulus-5 was imtated at least by 12.5% of the
subj ect s. Per cent response for one foot, and two

feet were nmaximum followed by three feet and four

feet. On the basis of these results,
only stimuli till four feet were chosen for
Experiment -1 | and stimuli with five feet and six feet

wer e del et ed.

Task 1
(Intensity Percent response Percent response Aver age
Token) (Judge - 1) (Judge - 2) response
1 foot 100 100 100
2 feet 100 100 100
3 feet 25 35 30
4 feet 10 5 7.5
5 feet 0 0 0
6 feet 0 0 0
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Task 2

(Intensity Percent response Percent response Aver age
Token) (Judge - 1) (Judge - 2) response
1 foot 90 95 92.5
2 feet 55 65 60
3 feet 25 25 25
4 feet 15 5 10
5 feet 0 0 0
6 feet 0 0 0
Task 3
(Intensity Percent response Percent response Aver age
Token) (Judge - 1) (Judge - 2) response
1 foot 85 95 90
2 feet 75 80 77.5
3 feet 50 60 55
4 feet 15 25 20
5 feet 10 15 12.5
Table 4: Percent reponse for various stimuli (in three tasks) in adults.

Tabl e

sScores

5 shows the raw scores,

in each task and the overal

aver age

per cent age

percentage on al

the tokens. The performance level in task-3 (intensity

and fundanental frequency tokens) was better.
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Judge 1 Judge 2 Average % Scores Overal 1
Subj ect's %
Task1l Task2 Task3 Task1l Task2 Task3 Taskl Task?2 Task3 Scor es
1. 1 1 3 3 3 4 33.3 33.3 70 41.1
2
2. 1 1 1 0 3 25 8.33 40 23.52
3. 2 1 0 2 1 3 33.3 16. 6 4.6 35. 24
1
4 2 3 0 3 5 25 50 20 32.35
5. 1 0 1 0 0 0 8.33 0 0 2.9
6. 2 1 2 1 0 0 25 8.33 10 14.7
7 2 4 3 3 2 4 41.6 50 60 50
8 2 1 3 1 1 1 25 16.6 40 26. 47
9 2 2 1 2 2 2 33.3 33.3 50 38.23
10. 1 0 3 1 0 0 16.6 0 0 5.6
11. 2 2 3 1 1 3 25 25 60 35.24
12. 3 2 3 4 2 3 68. 3 33.3 60 50
13. 3 2 2 3 2 2 50 33.3 40 41.17
1
14. 2 2 3 2 > 33.3 33.3 40 35.24
15. 1 2 2 2 2 3 25 25 50 32.35
16. 4 3 4 3 3 5 58.3 50 90 64.7
2
17. 3 4 5 3 5 41.6 58. 3 100 64.7
18 4 4 5 3 4 5 58. 3 66. 6 100 73.52
19. 1 1 2 2 2 3 25 25 50 32.35
20. 1 2 3 2 2 3 25 33.3 60 38.23
33.3 35.8 47.23| 36.89

Table - 5 : Raw scores, average percent scores and the overall percent scores.
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Note :-

Tokens.

Tabl e

Task - 1 - Intensity Tokens.
Task - 2 - Fundanental Frequency Tokens.

Task - 3 - Intensity and Fundanent al Fr equency

6 indicates the results of significance of

the difference between the neans of the three tasks,

anongst

the adults. The difference between nmeans of

responses of task-1 and task-2 was not significant

(0.05 level). However a significant difference between

the mean performances in task-2 and task-3 was noticed

at 0.01

level. Also, a significant difference between

the nean performances of task-1 and task-3 (at 0.01

| evel)

was present. The results indicate that the

performance of subjects in task-3 was significantly

higher than that in task-1 and task-2. This suggests
that a conbination of frequency and intensity could
provide a better cue for the subject to identify the
rhyt hm
Tasks Result of significance

Task 1 vs 2 Not significant at 0.05 |evel

Task 2 vs 3 Si gni ficant

Task 3 vs 1 Si gni ficant
Table - 6: Significance of difference between the neans of three

tasks in adults.
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Table 7 shows the corel ati on coefficient

the scores

tasks and

i ndi cate good

Tabl e

per cent age)

obtai ned by fenales were higher

t han

mal es,

(r) anong

obtained by two judges in all the three

the overall test. The values of high r

interjudge reliability.

8 shows the nean performance scores (in

of males and females. The present scores

in all the three tasks

indicating a superior performance by

females on a rhythm repetition task

Tasks Stimuli (rank correlation
co-efficient)
Task 1 Intensity Tokens 0.98
Task 2 Fundanent alfrequency 0. 97
Tokens
Task 3 Intensity & fund- 0.98
mental frequency
t okens
Overal task 0.95

Table 7. r scores for all

the t hree tasks and t he overal | task.

Task 1 Task 2 Task 3 Overal scores
Femal e subjects 39 97 41. 64 59. 46 47 .6
Mal e subj ects 26 65 21 .64 35. 00 25.3

Tabl e 8.

Mean Performance scores (in % of adult
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EXPERI MENT - Il : Perception of FRhythm Patterns
Chi | dren.

The percent scores obtained by children in the
age group , 2.6 to 6.6 years, are depicted in table - 9
and Fig 7. The results indicate that the performance
increases fromthe age of 2.6 - 6.6 years, suggesting a
devel opnental trend for rhythm It also suggests that
the devel opnent of speech rhythm starts as early as
2.6 years or nuch before that & perhaps continues
further. A sudden increase in the percent score, can be
obser ved between the age of 4.6 to 5.6 years.
Significant differences between the age-groups existed
which further supports a devel opnental trend. This s
depicted in fig - 7. Across the sex, fenales perforned
better than males, except for a few tokens, task-3 in
the age group of 3.6 - 4.6 years, task-2 in the age
group of 4.6 - 5.6 years and task-2 in the age range of

5.6 - 6.6 years. This is depicted in table 10.
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FAG. % DEYELOPMENTAL TREND OF RHITHM

IN CHILDREN ,
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Age Per cent age scores Per cent age scores Per cent age scores overal |

QG oup obt ai ned for obt ai ned for obt ai ned for nean
of Judge 1 Judge 2 Judge 1 & 2 score
Subj ect s of three
Taskl Task2 | Task3 | Taskl Task2 | Task3 | Taskl Task2 | Task3 |tasks in
|
2.6-3.6 45 55 60 37.5 45 60 41. 25 50.0 60 50. 41
Year s
3.6-4.6 47.5 65 75 60 75 75 53.75 70 75 66. 25
Year s
4.6-5.6 75 82.5 97.5 75 77.5 90 75 80 93. 75 82.91
Year s
5.6-6.6 93.75 100 100 87.5 92.5 97.5 87.5 96. 25 98. 75 94. 16
Year s

Tabl e 9: The overall nean scores of the test in all the four age groups of children.

Age group Task 1 Task 2 Task 3 Task 4
2.6.-3.6 years Fenales 47.5 57.5 62.5 55. 8
Mal es 35 50 57.5 47.5
3.6-4.6 Years Fenal es 65 75 72.5 70.8
Mal es 42.5 65 77.5 61.5
4.6-5.6 Years Females 77.5 80 95 84.16
Mal es 72.4 80 92.5 81.63
5.6-6.6 Years Fenal es 90 95 100 95
Mal es 85 97.5 97.5 93.3

Tabl e 10 Mean performance scores (in % of nmales & females (in children)

O the three tasks, children performed better on
the third task, consisting of Duplex cues for rhythm
perception. In the young age group of 2.6 - 3.6 years

no significant difference between the performance of
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children on various tasks was observed. However, in the
age groups of 3.6 - 46 and 4.6 - 5.6 years,
significant difference between the performance in task

1 and 3 (0.05 level) and tasks 1, 2 and 3

were observed. This is depicted in table 11.

respectively

Age groups Task 1 Task 2 Task 1
(in years) versus Task 2 versus Task 3 versus Task 3
26 - 3.6 not significant not significant not significant
36 - 4.6 not significant not significant signi fi cant
at 0.05
46 -5.6 not significant signi ficant at signi fi cant
0.01 at 0.01
56 - 6.6 not significant not significant signi fi cant
at 0.05
Table 11 Significance of the difference between the nmeans of three tasks (child
When the stimuli were considered, it was noticed
t hat the performance scores for all t he stimuli
increased from the age 2.6 to 6.6. The percent scores
decreased from stimuli one (one foot) to stinmuli four
(four feet) in all the three tasks. (Fig 8)
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Age groups Task 1 Task 2 Task 3
in children
2.6 - 3.6 Years 0.97 0. 96 0. 98
3.6 - 4.6 Years 0.97 0.95 0. 96
4.6 - 5.6 Years 0.99 0.99 0. 99
5.6 - 6.6 Years 0. 95 0. 99 1
Tabl e 12. Interjudge corrrelation for three tasks
Table 12 represents the interjudge correlation for
all the three tasks.

The coefficients of

al 1)

correl ation
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To sunmarize, the results indicate the follow ng:-

1) Adults could imtate stinuli fromone foot to

four feet and had difficulty in imtating five feet and
six feet which indicated the need for deleting five

feet and six feet in the second experinent.

2) Stimuli wth changes in both intensity and
f undanent al frequency were better imtated than the
other stimuli where only one paraneter was altered.

This was true, both for adults and children.

3) The performance scores of children increased
with age, indicating a devel opnmental trend.

4) Fenales perfornmed better than nmales in the
synthetic test of rhythm (both adults and children).

5) The percent scores decreased fromone foot to

four feet.
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DI SCUSSI ON

The results indicate several points of interest.
First, it was noticed that nornmal adults could perceive
one, two, three or four feet and found it difficult to
perceive five or six feet. This perhaps could be
related to the auditory menory and it indicates that
five and six feet production could be beyond their
menory. Hence, a test of rhythm could enconpass only

upto four feet.

Second, changes in fundamental frequency and
intensity seem to be a better correlate of rhythm than
changes in any one of theseparaneters. Further, changes
in frequency produced better perceptional responses

than changes in intensity.

The results of this study is in consonance wth
that of (1955, 58a, b, 1962) and R gault (1962)
Bol i nger (1955, 1958a, b, 1962) supports the supremnmacy
of pitch as the perceptual cue which domnates the
judgenment of stress in English. He reported that a
small rise in fundanental frequency could outweigh the
intensity differences. Also, R gault (1962) reported
that frequency nmanipulation gave highly significant
judgenents in terns of locating stress. Intensity had a
much smaller effect and duration had less, still. The
results of the present experinment support the notion of
Bol i nger (1955, 1958a, b, 1962) and Rigauit (1962) that
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f undanent al frequency changes had better perfornmance

than intensity changes.

The result of the present study however, is not in
consonance with Fants' notion. Fant in (1960) conmments
that a 3 dB intensity increase of a syllable leads to
the doubling of its anplitude and will be considered
equivalent to a doubling of its duration. He also

opi nes that |oudness is dependent on duration.

Third, a developnental trend in the perception of
rhythm patterns was evident. The ability to percieve
rhythm patterns increased steadily from the age of 2.6
years to 6.6 years. The result of this experinent
supports the result of Yairi (1981), Koike and Asp
(1981). According to Koi ke and Asp (1981),five year old
children did better on the T-TRIP than two year old
children. Mreover it was found that nostly younger age
group children (2.6 - 3.6 years and 3.6 - 4.6 years)
failed to produce four feet pattern accurately. This
supports Allen and Hawkins (1980)inthat two vyear old
children tend to use far fewer reduced syllables per
foot. Their speech sounds are syllable tined r at her
than stress-tined. Also, in children, it was found that
the stimuli with intensity and fundanental frequency
changes were precieved better than tokens of intensity

or fundanental frequency alone. The performance of
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youngest age group 1in this study, i.e 2.6 - 3.6 vyears,
did not reveal any specific perceptual correlate of
rhythm, as no significant difference in the performance
of the three tasks, was noticed. Also, no significant
differences in the performances of tasks was found in
the age group of 2.6 - 3.6 years, thus refuting the
findings of Bolinger (1955, 58a, b 1962) and Rigault
(1962) .

Fourth the results also depicted that females
performed Dbetter than males in the synthetic test of

rhythm for both children and adult groups.

Finally, synthetic stimuli elicited varying
responses. While the adults reported that the stimuli
were monotonous and Dboring, the children enjoyed
imitating the patterns with claps and enthusiasm. The
monotonicity of the stimuli could be perhaps because of
unnaturalness of the stimuli. While in normal speech,
increments of only fundamental frequency or intensity
is rare, 1in synthetic speech, the surge of subglottic
air pressure tends to i1ncrease Dboth fundamental
frequency and intensity and 1s directly proportional

to the second power of the subglottic alir pressure 1i.e.

I of(Psub)’. (Van Der Berg and Ladefoged , 1960). Even,
the fundamental frequency rises from 85-115 Hz., when
air pressure 1is doubled. (Wullstein, 1936). These
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relationships were not nmaintained in the synthetic

stimuli. Stinulus, depicting the natural ness mght be
better than the stimuli used, in the present study.
However, the purpose of a test would be defeated when
natural stimuli is used.

On the basis of the results of the present study,
a synthetic test of rhythmis proposed as in fig. 9

where till four feet tokens are included, which rel ates

to Duplex cues of rhythm perception, - change in

fundanental frequency and intensity.
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SUMVARY & CONCLUSI ONS

Suprasegnentais are properties of speech that have
a domain larger than a single elenent. For being
anal ogous to, superficial decoration, suprasegnentais
or prosody consisting of stress, rhythm intonation &
juncture, functions as the foundation or structura
support for the organisation of speech conmunication.
O these, rhythm is intrinsic & critical in both
production & perception of speech. Sever al studi es
have been conducted in the past to gain a know edge of
t he devel opnent of speech rhythm in chil dren.
However, this topic is not yet understood & there is a
pressing need to conduct research in this area, in
order to wuse it clinically. In this context the
present study was ainmed to highlight the devel opnenta
trend of rhythm in childdren & devel op a synthetic test

of rhythm

A total of seventeen rhythm patterns wer e
synthesized based on three paraneters;—change of
intensity, change of fundanental frequency & change of
both fundanental frequency & intensity, /bal/ syllable
was synthesized for 500 nsec, using the acoustic
paraneters, Vi z f or mant frequency, f undanent al
frequency, formant bandwidth, intensity & duration.
The sanpling frequency was 8000Hz with a resolution of

10nsec. The stimuli were synthesized, based on the
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sof tware devel oped by Voice &  Speech Syst ens,
Bangal ore. Rhyt hmi ¢ patterns, starting from one foot
to six feet were generated, following the nethod of re-
iteration where stressed & unstressed syllables were
concat enat ed. The original /ba/ syllable had a
f undanent al frequency of 140Hz. Intensity was
reduced in 100RdB steps & Fo was reduced in 5Hz steps

for the weak syll abl es.

Two experinents were carried out. Experinent - |
dealt wth the identification of rhythm patterns by
adul ts. A total of seventeen stimuli were audio-
presented to twenty normal adults, who wer e
instructed to imtate the same. Their imtations were
recorded and analyzed. A score of '1' was assigned,
when the imtation resenbled the orginal for rhythm &
0" was assigned when the imtation was inappropriate
for rhythm  The percent response was calculated & a
test of significance was carried out. The results
indicated that the adults could imtate upto four feet
& had difficulty in imtating five feet & six feet.
Thus, in the second experinent, five feet & six feet
were deleted. The second experinent consisited of the
perception of rhythm patterns by children. Stinmuli
til! four feet were audi o-presented, one at a tinme.
Forty Kannada speaking normal children in the age range
of 2.6 - 6.6 years, were the subjects for the study.
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The children were instructed to imtate the patterns
for rhythm  These imtations were audio-recorded &
judged for imtation. Using the simlar scoring system
performances were scored 1in percent & i nterjudge

correlation was found out.

The results indicated that as the age |evel

i ncreased, performance scores also increased linearly,
depicting the devel opnental trend, for rhythm in
children. Regarding the patterns of stinmuli, four feet
stimuli were relatively difficult than three feet, &

three feet relatively difficult then two feet & so on.
The task -3, which consisted of duplex cues, i.e.

change in both intensity & fundanental frequency, was

better than task - 1 & task - 2 in terns of
per f or mance. This was true for adults too. The sex
di fference in the limtation task coul dnot be

established, since a mxed variety of superiority of
sex was found in the tasks, anongst the different age

groups.

Considering the results, this test could be used
as a clinical diagnostic tools in order to explore the
supr asegnent ai functioni ng in patients, havi ng
dysprosodia. It nmay also be used as a therapeutic tool
for facilitating rhythmc speech & hence enhancing
speech intelligibility 1in those, who have arhythma

(di sorder of rhythm.
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