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CHAPTER |
| NTRCDUCTI ON

"stuttering is a baffling disorder for both client
and clinician. It is amazing that such an anci ent
uni versal , and obvi ous human probl em shoul d defy
preci se description; despite countless scientific
I nvestigations, the basic nature and cause of

stuttering remain a nystery"

(Bwick and Hatten, 1974)

The literature of stuttering is a welter of confusions
inall the areas |like definitions, the nature, the origin
and nai nt enance and the therapy.

"Stuttering has probably received nore attention

than any ot her speech di sorder because of the way
inwhich it dramatically exposes many of the un-

pl easant sides of social living. It is the dark
mrror of speech, reflecting man's frustrations in
communicating with his fellows. It portrays his

fear of social penalties; it reveals his shane for

deviancy; it is the hallmark of man's inability to

communi cate with his fell owns"

(Van Ri per, 1971)

Fromthe tine of Aristotle (384 BC) till today vari ous
‘theories' have been put forward to explain the onset,
devel opnent and nai ntenance of stuttering. (Cerebral dom nance
theory by Orton 1927, Travis 1931, and Bryngel son 1935,
Conflict theory by Sheehan 1958, D agnosogenic theory of
stuttering by Johnson 1957, Wschner's Anticipatory theory
of stuttering 1947, 1950, 1952, Del ayed Auditory Feedback

theory by Lee & Black 1950, 1951 and ot her theories).



"There i s sonething about the sight of an adult

in the throes of a severe nmonent of stuttering

whi ch immedi ately suggests that there nust be
something organically wong with him"

(Van R per, 1971)

Larynx has been thought to be the culprit even in very
early days (Avicenna 1037, Hann 1736, Mrgagni 1731,
Serre d" Alais 1829, Arnott 1829).

Recently the explanation regardi ng the basic nature,
cause and mai ntenance of stuttering has been given on the

basi s of |aryngeal dysfunction again.

Schwartz (1974) has attenpted to explain stuttering
behavi or on the basis of evidences fromvarious areas |ike
respiratory physiol ogy, speech pathol ogy, speech science and
| ear ni ng psychol ogy. According to his nodel stuttering is
due to " = an i nappropriate vigorous contraction of

posterior crico-arytenoid in response to the subglottal air

pressure required for speech".

Mackenzi e (1955) has found a conpl ete reduction in
stuttering for stutterers who had used el ectro |arynx. There
have been reports that the stutterers who had used esophagi al
speech did not show stuttering behavior. (Qdray 19583,

I rving and webb 1961) .

Wngate (1969) has suggested that 'Vocalization is a

crucial elenent in the conplex of stuttering'. H's suggestion



I's based on his belief that the "artificial fluency'
during singing, whispered speech, silent reading and
rhythmc speech for stutterers is due to the change or

absence of vocalization during those speech acts.

Adam and Reis (1971) have reported that stutterers
showed remarkably less stuttering when they read a passage

containing 'all voiced" sounds than the one which contained

"bot h voi ced and voi cel ess’ sounds.

Wke (1972) suggested that some categories of stutter-
ing may involve temporal incoordination of activity in one

or more of the neurological mechanism controlling |aryngeal

muscl es.

Attenpts have been made to reduce stuttering using
bi o-f eedback of laryngeal nuscle activity. Hanna et. al.
(1975) have found inprovement in fluency in stuttering behavior
Guitar (1975) has observed a reduction in stuttering using

anal ogue el ectromyographic feedback fromboth |aryngeal and

lip Sites.

El ectramyographic study (Freeman and Ushijima, 1975) of
four intrinsic muscles of larynx has shown that there is a
tendency for antagonistic muscle to contract simultaneously
during stuttering behavior of a stutterer instead of reciproca

contraction, as it happens in case of nornal phonation.

Thus the reviewof literature indicates that |arynx plays
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an inportant role in stuttering. The "inappropriate

vi gorous contraction of posterior crico-arytenoid" as
suggested by Schwartz (1974) and the simultaneous contrac-
tion of intrinsic nuscles of larynx as observed by Freenan
and Ushijima (1975) during stuttering mght result in a
change in the tenporal aspect of speech with respect to

Voi Cci ng.

Voi ce onset time (VOI) is one of the paraneters anong
the tenporal aspect of speech. VOT has been defined as
"The duration between the rel ease of a conplete articulatory
constriction or burst transient and the onset phonation

Li sker and Abranson 1964, 1967).

There have been reports that stutterers vary from nornal s
in terns of VOT neasurenents. Agnello (1970) has found that
the voi ce onset and voice termnation times in 'fluent'
speech of the stutterers were |longer than that of the non-
stutterers. Starkweather et. al. (1976) have observed t hat
stutterers were slower ininitiating vocalization. H Il man
and Gl bert (1977) have reported that VOT val ues of stutterers
for intervocalic voiceless stop consonants in fluent contextua

speech were significantly higher than that of nornals.

There have been only two nethods reported in the litera-
ture for the measurenent of VOT, w deband spectrograns and

optical oscillograph nethod.



VOT has been found to be nore during early chil dhood
upto a certain age. (Preston, Yeni-Konshian and Stark
1967; winter, Korn, Mac Keilage and Preston 1967; Ei nas et. al .,
1971; Kew ey-Port and Preston 1974; Stark 1972; Trehub and
Rubi novi tch 1972; Zl atin and Koeni gsknecht 1975, 1976).

Language has been found to be another variabl e. (Lisker
and Abranson 1964, Abranson and Lisker 1967, Yeni -Konshi an,
Preston and Benson 1968). Lisker and Abranson (1964) have
studi ed VOT for many | anguages including H ndi, Tam| and
Marat hi. They have found that VOT varies fromlanguage to
| anguage. There have been no study reported regarding the

VOT val ues i n Kannada | anguage.

VOT has been found to be different for different stop
consonants dependi ng upon the place of articulation. (Lisker

and Abranson 1964, 1967, HIllnman and G| bert 1977).

Wi | e producing the syllables with voicel ess stop sounds
(cv), the release of the conplete articulatory constriction
precedes the voicing where as for voi ced stop-vowel paradi gm
the voicing is either simultaneous or precedes the articulatory
rel ease. Hence, the VOT val ves have been found to be positive
I n case of voicel ess stop-vowel paradigns, where as they have
been found to be either zero or negative for voiced stop-

vowel paradigm (Lisker and Abranson 1964, 1967).

Brown (1938) E senson and Horowitz (1945) and wi ngate

(1967) have shown that speaking pattern of the stutterers are



different for 'isolated 'contextual' speech. So context
mght play a role for the variations in voi ce onset tine

nmeasur enent s.

Sunmer fi el d and and Haggard (1972) have found t hat VOT vari es
with speaking rate. Their experiment has shown that VOT

decreases with increase in speaking rate.

Thus the present review of literature shows that |aryngeal
nuscl e activity of the stutterers is different than that of
non stutterers during speech and VOI's for voi cel ess stop

consonants are nore for stutterers than non stutterers.

So, it was intended to study the VOT for bot h voi ced and
voi cel ess stop sounds of Kannada | anguage for normal speakers

and to conpare themwith stutterers.

statenent of the problem

The problemis to study the voi ce onset tinme val ues for
bot h voi ced and voi cel ess stop sounds of Kannada | anguage in
spont aneous reading and syllables in isolation for nornal

speakers and to conpare themw th those for stutterers.

Pur pose of the study

The purpose of the study is to test the foll ow ng

hypot heses:

1. There will be no difference between stutterers and

non stutterers for VOT val ues of voicel ess stop sounds, (a) in



reading (b) in isolation.

2. There will be no difference between stutterers and
non stutterers for VOT val ues of voiced stop sounds, (a) in

r eadi ng (b) in isolation.

3. (a) There will be no difference betwen VOT for voiced

stop sounds and VOT for voicel ess atop sounds in non stutterers.

(b) There will be no difference between VOT for voi ced

st op sounds and VOT for voicel ess stop sounds in stutterers.

4. There will be no difference between the VOT for
syllables in isolation and VOT for the same sounds in sponta-

neous reading, (a) in stutterers (b) in non stutterers.

5. There will be no difference between the VOT for each
sounds with respect to the position of articulatory constric-

tion, (a) in stutterers (b) in non stutterers.

6. Therew || benodifferencebetweentheVOTfor stop
consonants in Kannada and the reported VOT for stop con-

sonants in other |anguages in non stutterers.

To test the hypotheses,5 stutterers and 5 non stutterers
were taken. The two groups of subjects were matched in terns
of age, sex and | anguage background. The subjects read a
Kannada passage specially designed for the study whi ch con-
tained (p), (t), (t), (k); &(b), (d), (d), (g) sounds. The
subjects also read the syllables in isolation of the aforesaid

sounds wi th the vowel (a) (in cv paradign).



The speech sanples were recorded using a cosmc sterio
deck cassette recorder in sony cassette. The recording was
done in a sound treated roost used for audionmetry. The word
initial segments and the syllables in isolation which con-
tained (p), (t), (t), (k) and (b), (d), (d), (g) sounds were
transferred to another sony cassette with the hel p of another
cosmc sterio deck cassette recorder. The speech sanples
t hus obtained were anal yzed with the help of a Kay's Sona-

G aph Mbdel 6061 B. VOT neasurements were done using the
techni que fol l owed by Lisker and Abranson (1964).

Limtations of the study

1. Only 5 stutterers and 5 non stutterers were included for
the study because of the nonavailability and the cost of

spect rogram papers.

2. Differentiation of VOT with reference to various groups

of stutterers in terms of severity was not studied
3. Sex difference for VOT was not studied.

4, VOT's for spontaneous speech and words in isolation

were not studied.

5. VOT's for the atop sounds in word medial and word final

positions in spontaneous reading were not studied.

I nplications of the study

1. The study provides information regarding VOT's among

stutterers and normals.



2. The study gives information regarding VOI's of stop

sounds cl assified dependi ng upon the place of articul ation.

3. The study also indicates VOI's for isolated stop sounds

and that in reading.

4. It may be possible to classify the stutterers as
| aryngeal stutterers and non |aryngeal stutterers on the

basi s of VOI.
5. VOT dat a nay be useful to devel op therapy for stutterers.

6. VOI data of this study i.e., VOTI in Kannada | anguage

may be useful in conparing themw th other |anguages.
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Definitions of sone of the kev words used in the study:

Stuttering:

"The termstuttering neans: | (a) D sruption in the
fluency of verbal expression, which is (b) characterized
by involuntary, audible or silent, repetitions or
prolongations in the utterance of short speech el enents,
nanel y: sounds, syll ables, and words of one syl |l abl e.
These disruptions (c) usually occur frequently or are
marked in character and (d) are not readily controll able.
1. sonetines the disruptions are (e) acconpani ed by
accessory activities involving the speech appar at us,
related or unrelated body structures, or steriotyped
speech utterances. These activities give the appearance
of being speech-related struggle. II1l. Al so, there are
not infrequently (f) indications or report of the pre-
sence of an enotional state, ranging froma genera
condition sf 'excitenent' or 'tension' to nore specific
enotions of a negative nature such as fear, enbarrassnent,
irritation, or the like. (g) The i nmedi ate source of
stuttering is sone incoordination expressed in the peri-
pheral speech nechanism the ultinmate cause is presently
unknown and may be conpl ex or conpound." (Wngate 1964)

Voi ce onset tine (VOI):

"The duration between the rel ease of a conplete
articulatory constriction or burst transient and the
onset of phonation" (Lisker and Abranson 1964, 1971).

Voi ced st op:

A voiced stop is a speech sound produced by (1) a
conplete oral closure (2) a velic closure and (3) pre-
sence of voicing during conplete oral closure.

Voi cel ess st op:

A voi cel ess stop is a speech sound produced by
1) a conplete oral closure (2) a velic closure and
3) absence of voicing during conplete oral closure.



GHAPTER | |

REM EW CF LI TERATURE

Stutteringis ".... a disturbance of rhythm and
fluency of speech by an intermttent bl ocking, a convul sive
repetition, or prolongation of sounds, syllables, words,

phrases, or posture of speech organs” (Wod 1971).

"Stuttering has been called a riddle =

stuttering is nore than ariddle. It is at
| east a cpnﬂllcated! mul tidi mentioned jig-saw
puzzle, with many pieces still m ssing"

"“Many good m nds have attenpted definitions of
stuttering, but the variability anmong them nmakes
clear this conplex and variabl e disorder is hard

todelimt"
(Van R per 1971)

Wil e searching for a standard definition of stutter-
I ng W ngat e has opi ned: "The definition should be one which
(a) identifies and enphasi zes discrimnative features (b) is
amenabl e to general application and (c) accords with our

current state of know edge of stuttering" (Wngate 1964).

According to Wngate (1964) "The termstutteri ng neans
| (a) Dsruption in the fluency of verbal expression which
Is (b) characterized by involuntary audi ble or silent repeti-
tions or prolongations in the utterance of short speech
el enments, nanely sounds, syllables, and words of one syl |l abl e.
The disruptions (c) usually occur frequently or one marked in

character and (d) are not readily controll abl e.
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Il Sonetinmes the disruptions are (e) acconpani ed
by accessory activities involving the speech apparat us,
related or unrelated body structures, or stereotyped speech
utterances. These activities give the appearance of being

speech-rel ated struggl e.

Il Aso, there are not infrequently (f) indications
or report of the presence of an enotional state, ranging
from a general condition of 'excitenment' or 'tension' to
nore specific enotions of a negative nature such as 'fear',
enbarrassnent, irritation, or the like (g) The imedi ate
source of stuttering is sone | ncoordination expressed in the
peri pheral speech nechanism the ultimate cause is presently

unknown and nmay be conpl ex or conpound”.

Van R per (1971) has felt that when a stutterer stutters
aword, "...... there is a tenporal disruption of the sinmul-
t aneous and successive programmng of nusic novenents
requi red to produce one of the word's integrated sounds, or
toemt one of its syllables appropriately or to acconplish
the precise linking of sounds and syl lables that constitutes

its not or pattern".

Several attenpts have been nade and are going on to
| ocate the causative factor/s of stuttering but none of them
have definitely indicated the factor/a which cause the
stuttering behavior. Attenpts have been nade to explain

stuttering behavior on the basis of |earning theories
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(Johnson, 1958; Johnson, Brown, Curtis, Edney and Keaster,
1967; Brutten and Shoenaker, 1967 and ot her people). Geen
end wel I's, 1927 have attributed the cause of stuttering to
the difference in constitutional factor such as nervous
system Sone other inportant theories are, Cerebra

dom nance theory by Oton, 1927, Travis, 1931; Bryngl son,
1935; Conflict theory by Sheehan, 1958; D agnosogence theory
of stuttering by Johnson (1957), Wschner's Anticipatory
theory of stuttering, 1947, 1950, 1952; Del ayed auditory
feedback theory by Lee and Bl ack, 1950, 1951 and et her

t heori es.

The causative factors or so called 'theories' which
have been attributed to stuttering are too divergent to each
other. In this connection Ainsworth (1971) wites:

"The process of attenpting to Prpvide a way of

integrating the multiplicity of ideas and facts

concerni ng the nature and sources of stuttering
continues to be frustrating and fragnmentary".

Fromthe tine of Aristotle (384 BC) till today many
have attributed stuttering as an organic condition. Aristotle
(384 BC), Galen (AD200), Dechauliac (1336), Mercurialis
(1584) and Francis Bacon (1627) thought that sone defects in
tongue, such as tongue tie, too cold tongue, too wet or
too dry tongue cause stuttering. Wiile others considered
stuttering is due to the dysfunction of sone other articulatory

organs like lips or jaw or pal ate.
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Serred Alais and Arnott (1829) thought that
stuttering is due to glottic spasm The fanmous Arabian
physi ci an Avi cenna (1037) viewed the disorder as a spasm

of epiglottis whichis due to sone brain | esions.

Sir Charles Bell (1832), Becquerel (1847) and Cohen
(1875) believed that causative factor of stuttering is
sone respiratory abnormality and their followers suggested

several breathing exercises for inproving the speech of the

stutterers.

Qton (1927), Travis (1931) and Bryngel son (1935) have
advocat ed the cerebral dom nance theory. According to this
theory stutterers have been thought to have | ower margins
of cerebral dom nance whi ch could result in desynchronization
bet ween the paired structure of speech and |eads to stutter-
ing bl ocks. The basic problemof this theory was that it was
untest abl e except in terns of peripheral laterality. Studies

on handedneas do not confirmthis theory fully.

West (1945) thought stuttering was either due to a
mld formof epilepsy (called Pyknolepsy) or a mld formof

Subcl i ni cal cerebral pal sy.

Kopp ( 1934) foundadi fferencei nbi ochem cal factors
for the stutterers than the non stutterers, whereas ot her

studies show that there is no such difference.

The feedback theories have tried to explain the stuttering
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behavi or. Van R per (1971) believed that "...... stutterers
posses a defective nonitoring systemfor producing
sequenti al speech". Lee (1951) has found that introduction
of delayed auditory feedback in nornals disturbs the nornal
flowof speech. Cherry and Sayers (1956) have reported
| nprovenent in fluency anong stutterers during elimnation
of auditory feedback by mnasking.

"Rational analysis, clinical investigation and

systemati c research are | ending support to an

ol d suspi cion: - many of the abnornal disfluencies

judged as stuttering involve problens of snooth

coordi nation of phonation with articulation and

respiration”. (Travis, 1931)

After reviewing the vast literature of stuttering
Van R per (1971) has concl uded that the core of the disorder
is adisruption of timng of the notor sequence of sound,
syllable and word production. Wngate (1970) has found
stutterers to be nore fluent when they sing, speak in chorous,
whi sper, speak under maski ng noi se or adopt a foreign accent.
He considers that the fluency achieved by the stutterers
during singing, chorous speech, whispered speech, speaking
under masking noi se or during speaking with a forei gn accent

may be due to a change in phonatory function during those acts.

According to Van R per (1971) the marked reduction in
stuttering during whispering and its elimnation during
pant om ned speech could be attributed to the high degree of
conscious articulation of slower speeechrates that permts

synchroni zati on of phonatory, articulatory and respiratory
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nmechani sm

Rat hna and Nataraja (1972) have reported a case where
stuttering was found even in whispered and silent reading.

Thi s observation is contradictory to that of Wngate (1970)
and Van R per (1971).

Wngate's view, that inproved fluency in several con-
ditions, is due to a change in phonatory function has spurred

a nunber of investigations related to phonation in stutterere.

Adans and Reis (1971) have conpared the frequency of
stuttering and adaptation rate of stutterers while reading 2
passages that were constructed to differ in the nunber of
of f/on vocal adjustnent. One passage was conposed entirely
of voi ced speech sounds (all voiced passage) the other con-
tai ned both voi cel ess and voi ced sounds (conbined passage).
They have found a higher frequency and slower adaptation
rate for the passage containing the greater nunber of off/on
adjustnents (i.e., for the conbined passage). A replica-
tion of the study (Adanms and Rei s, 1974) has confirmed the
difference in rate of adaptation, although it has failed to

confirmthe difference in frequency.

Brenner, Perkins and Soderberg (1972) have conpared the
ef fect of rehearsing a passage out loud with those of re-
hearsing it in whisper. Only the rehearsal that included

phonation produced the customary adaptation effect.
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Freeman and Ushijima (1975) have investigated the
intrinsic muscular activity of the larynx during stutter-
i ngand f | uent speech of asubj ect. The el ect ronyogr aphi c
recording of four intrinsic nuscles showsthat there is a
t endency of the antagonistic nuscle to contract simultaneously

rather than reciprocally as occurs when normal speakers

initiate phonati on.

Quiter (1975) has observed reduction in stuttering
frequency usi ng anal ogue el ectronyographi c feedback. He
has chosen four areas to provide feedback viz., Laryngeal
site, lipsite, chinsite and frontalis site (as a control).
Three stutterers included as subjects for this study
denonstrated different responses. (ne subject showed greater
dacrease in stuttering frequency when feedback was associ at ed
with lip site. Another subject showed greater reduction in
stuttering when feedback was given fromlaryngeal site.

Third subj ect showed greater reducti on when the feedback was

fromboth laryngeal and lip sites.

In an exploratory study of a single stutterer, Hanna,
WIfling and McNeill (1975) have observed a Marked reduction
instuttering. The laryngeal nuscle tension of the subject
was fed auditorily. Both the anplitude of EMG signal and

stuttering bl ocks were reduced 'dranatically'.

These two studies, as nmentiond above, suggest that

sone kind of stuttering mght involve larynx. In this view,
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Van R per (1973) also has stated that there are stutterers
whose stuttering appears to be focussed at the | aryngeal

ar ea.

Based on an anal ysis of recent research studies of
t he neurol ogi cal nechani sns controlling | aryngeal nuscle
activity, Wke (1974) has suggested that sone categories
of stuttering may involve tenporal incoordination of
activity in one or nore of these neurol ogi cal systens. He
has, further, added "stuttering of |aryngeal origin nmay be
a formof phonatory ataxia arising either because of dis-
ordered voluntary prephonatory tuning of the vocal fold
nmuscul ature or fromincoordinated reflex nodul ati on of the

activity of this nusculature during actual utterance".

Mackenzi e (1955) has found a conplete reduction in
stuttering for the stutterers who had used el ectrol arynx.
ot her reports (ddray, 1953; Irving & Wbb, 1961) have shown
that |aryngectom zed stutterers who had | earnt esophagea

speech did not show any stuttering.

Except one contradictory finding (Rathna and Nat ar aj a,
1972) all other studies point out that stuttering could be

aresult of a faultly functioning of the phonatory nechani sm

e of the factors whi ch has been pointed out as an
evi dence of faulty phonatory function in stutterers during
stuttering behavior is the increase in voice onset tinme (VO

in stop consonants in stutterers than that of in non stutterers.



19

Voi ce onset tinme (VOI) is defined as the interval of
time neasured fromthe release of aninitial stop to the
onset of vowel periodicity. Lisker and Abranson (1964,
1974) have opined that VOT is the critical acoustic cue
under | yi ng voi ci ng distinctions, whereas according to Wnitz
(1975) aspiration is the prinmary perceptual cue in the
detection of voicing, and VOT operates as a rel atively un-

| nportant secondary cue.

Adans and Hayden (1974) have conpared the voi ce onset
and voice termnation times of stutterers with those of
non stutterers as they produced an initial vowel in rapid
response to a pure tone stimulus. Their study has tested
the hypothesis that stutterers have difficulty initiating
and term nating phonati on i ndependent of the acts of running
speech and stuttering. Ten adult stutterers served as
experinmental group. They were nmatched as a group for age and
sex with ten nornal speakers. Subjects fromboth the groups
were tested individually. They were required to start and
stop phonation as qui ckly as possi bl e upon hearing each
nunber of a series of 1000 Hz pure tones appear and di sappear.
Subj ects' vocalizations were pernmanently recorded on an
optical oscillograph. The results showed that both the
groups inproved (shortened) their voice initiation and
termnation tines fromthe beginning to the end of the ex-
perinent. Typically, however, the stutterers were significantly
slower than the control subjects on nost of the tenpora

nmeasur es.
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St ar kweat her et.al.(1976) have nmeasured the | atency
of vocalization onset for stutterers and non stutterers.
The subjects were asked to produce different syllables
followng a visual stimulus. Responses were filtered to
renove supragl ottaly produced sounds, and the tine between
visual stimulus and the onset of vocalization was neasured
by a voi ce operated relay and a conputer's internal clock.
The results have shown that stutterers are slower ininitiat-
ing vocal i zation across a w de variety of syllables. They
have, further, concluded that ' = ei ther vocal dysfunction
or the lack of cerebral dom nance may be responsible for

these differences".

Agnel l o and Wngate (1972) have reported that the VOT
for stutterers are longer than that of non stutterers in
fluent speech. Adans and Reis (1971) have shown that the
stutterers experience nore difficulty in reading a passage
which is filled with voi ced and voi cel ess consonants than

that of the one with all voi ced consonants.

Brown (1938), E senson and Horowitz (1945) and Wngate
(1967) have showed that the speech of the stutterers changed
dependi ng upon the type of speech sanpl e produced. For

exanpl e, isolated verses contextual speech.

Hllman and G| bert (1977) have obtai ned VOT val ues for
the fluent contextual speech of stutterers and conpared with

the VOT val ues of non stutterers. Ten stutterers and ten
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non stutterers read" The Rai nbow Passage". Intervocalic
voi cel ess stop consonant segnents were sel ected and di s-
pl ayed on w de band spectrograns. Results of VOT neasure-
ments obtai ned have indicated that (a) the stutterers

di spl ayed | onger VOT val ues than the non stutterers and
(b) VOT val ues increased in duration as the pl ace of

articul ation noved back in the oral cavity.

Based on these findings and ot her evidences from
respiratory physiol ogy, speech pathol ogy, speech science
and | earni ng psychol ogy, schwartz (1974) has attenpted to
explain "The core of the stuttering block". He believes
that "The disorder is essentially an inappropriate, vigorous
contraction of the posterior cricoarytenoid in response to
the subglottal air pressures required for speech". He
further adds that "This response occurs as a result of
psychol ogi cal stress which, in stutterers, substantially
reduces the effectiveness of the nornmal supramedullary in-
hibitory controls on this nuscle". Thus according to
Schwartz's nodel the 'inappropriate vigorous construction of
posterior cricoarytenoid results in increased voice onset

time inthe stutterers.

Neur ophysi ol ogi cal ly VCT can be defined as the anount
of time required to inhibit the activity of posterior crico-
arytenoi d during phonation. Wen a subject is asked to say
(pa), "the speaker ia aaked to inhibit the reflexive posterior

cricoarytenoid to pressure only for the final vowel (a). The
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amount of tine required to achieve this state is an

i nportant physical constraint underlying voi ce onset tinme

I n voi cel ess-pl ossi ve-vowel (cv) paradigns...... VOT appears
to involve not only a consideration of the neural control
over the adducting nuscle of the | arynx, but al so the con-
trol of the neural inhibition of the abductor nuscle as

wel " (Schwartz, 1974). so, when the speaker has the
difficulty to inhibit the posterior cricoarytenoid reflex

activity his VOT will be nore.

There are basically two techni ques to neasure voice
onset time. They aye (a) w de band spectrogramnet hod and
(b) Optical oscillograph method. In a series of investiga-
tions of VCT Lisker and Abranson (1964), Abranson and Lisker
(1974) have used spectrograph to find out VOT in different
| anguages including H ndi, Taml| and Marathi. Mal ecot
(1966) Lubkor and Parris (1969), Han and Witzman (1970),
Stevens and Kl att(1971), Hardcastle (1973) and ot hers have
al so used wi de band spectrograns for the neasurenent of VOT.
Wnitz et.al. (1975) have used optical oscillograph for the

sane pur pose.

Li sker and Abramaon (1964) & Abranson and tisker (1974)
have suggested that VOT is the critical acoustic cue under-
lying voicing distinction. That is, the voiced and voi ce-
| ess sounds are differentiated by the VOT differences. Their

concl usi ons were based on spectrographi ¢ measurenment of VOT
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for a large nunber of |anguages. Wnitz et.al. (1975)

have used Gscillograph to determne VOI. Using a 'pause

adj ust nent devi ce' the duration of VOT was systenatically
altered for English stops. For voicel ess stops VOT was
reduced to half the distance between t he voi ced and voi ce-

| ess cognat es, VOT was nade equi val ent to the voi ced cognate
and the vocalic portion preceded the rel ease and aspiration
segnents by 20 m secs. Changes in VOT far voi ced stops invol ved
the inversion of the first two neasurenents described above.
I ngeneral, their findings have not indicated that changes

i n VOT duration far stop-vowel syllables altered appreciably
t he perception of voicing. The conclusions, that have been
drawn fromthese experinents are that aspiration is the
primary perceptual cue in the detection of voicing, and that

VOT operates as a relatively uninportant secondary cue.

Thus if the stutterers have different VOT in their
fluent speech than that of non stutterers, as that have been
found out by Agnello (1975) and HIlman & G | bert (1977),
one cannot perceive voi ced sounds as voi cel ess ones and

vice versawith the hel p of hearing cues.

Wi | efindi ngthephonaticbasisfor ourabilityto
di stingui sh between phonene categories, Linguists often in-
voke the di mension of voicing to call sone categories 'voiced
and others 'voiceless'. In the case of stop consonants it

Is usual to level as voiced categories characterized by the
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presence of glottal buzz during the interval of articul a-
tory closure, while absence of buzz during this interva
Is a mark of voiceless stops. The two kinds of stops art

I n nost cases easily distinguished by reference to their
spectrographic patterns, for voiced stops the formentless
segnent corresponding to the closure interval is traversed
by a small nunber of |ow frequency harnoni c conponents,
while in the case of voicel ess stops the closure interva

I's essentially bl ank.

Language has been found to be a variable in VOT neasure-
ment. Lisker and Abranson (1964) have studied t he VOT for
a nunber of |anguages including Tam |, H ndi, Mrathi and
English for the stop sounds inword initial positions. The
VOT val ues obtained in their experinment were found to vary
fromlanguage to | anguage. No study has been reported so
far in the same area for Kannada | anguage. They have al so
reported that VOT val ues in running speech are | ess than
that of in non-sense syllables. Their findings have been
made it clear that presence of voiceless stop in a stressed
syl l abl e makes for a greater lag in the onset of voicing.

Thus, type of speech sanple is another variable for VOT.

Speaker's age i s anot her variabl e which influencesvoice
onset tinme. Preston et.al. (1967) studied VOT for Labanese
and Anerican infants. Zl atin and Koeni gsknecht (1976) used

VOT to study the devel opnent of the vocing contrast in ten
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two year old children, ten 6 year old children and twenty
adults. Both the studies have indicated that VOT i s not
sane for different age groups. There is a considerable
need to standardi ze VOT for various age groups in each

| anguage.

Thus the review of literature indicates that stuttering
may be due to a faulty functioning of |aryngeal mnechani sm
which mght reflect in VOT nmeasurenent for stutterers.

Hence it iIs proposed to study the VOI for stutterersin
reading and in sounds in isolation and to conpare themw th

that of non stutterers.



GHAPTER - |11

VETHODOL OGY

The study involved five steps.

Step 1. selection of subjects
Step 2: Preparation of materials
St ep 3: Recordi ngof t he speechsanpl es
Step 4: Selection of the speech segnents

step 5: Measurenent of VOT

Step 1

Two groups of subjects were included for the study.

Qoup A

This group consisted of five stutterers. The age
range of these subjects was fifteen to twenty years with

a nean age of 17 years.

Al the subjects were nmal es and their nother-tongue

was Kannada.

The severity of stuttering was judged by the qualified
speech pat hol ogists of Al India Institute of speech and
Hearing. The nunber of stutterers in each severity group

is shown in the tabl e bel ow

severity rating No. of stutterers
severe stutterer 1
Moderatel y severe stutterers 2

Mbderate stutterers 2
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Brief history and speech evaluation reports of the

subjects are given in Appendix II.

Group B

This group consisted of five non stutterers. These
subjects were matched with the subjects of Group A in terms

of age, sex and language background.

Step 2

It was necessary to construct a passage in Kannada

for the purpose of the experiment which

1) should be meaningful:

2) should have /p, t, t, k/ and /b, d, d, g/
sounds ininitial position of theword.

For the purpose of easy isolation of the syllables of
the aforesaid sounds from the recorded speech sample, (this
was required for spectrographic analysis) it was planned
to use these words as the first word of some of the

sentences.

So, a passage was constructed with the words Which
occurred in the beginning of some of the sentences and having

the above mentioned sounds as the initial sounds.

Step 3

The passage and the syllables in isolation were given

to the subjects for reading.
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The following instructions were given prior to read-
ing.

"You will be given a passage and a few syllables.
Please read them.

Are you ready? Now start".

The instructions were in Kannada and given in Appendix I,

Speech samples were recorded in a sound treated room
of All India Institute of speech and Hearing which is used

for audiometrlc purpose.

A cosmic stereo cassette deck taperecorder (Model No.

CO 88 X D) and a Sony C 90 cassette were used for recording

purpose.

Step 4

Another cosmic stereo cassette deck tape recorder of
same model and another Sony C 90 cassette were used to extract
the initial segment of some of the words beginning with /p,

t, t, k/ and /b, d, d, g/ sounds.

The same segments of the passage (in the same word
environment) were separated from the original recorded speech

sample of all the subjects of Group A and Group B.

The syllables in isolation for all the aforesaid sounds
read by the subjects were also transferred from the previous

cassette.
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Li ne recording techni que, nonitored through a Sonodyne
headphone, was used for selecting and transferring the
initial segnents of sone of the words and the syllables in

i solation fromone cassette to another.
Step 5
The speech sanpl es obtained fromstep 4 of the experi -

nment were displayed on a w de-band spectrogramusing a

Sona- @ aph (Mvdel No. 6061 B, Kay H ectronics Corporation).

The di stance between the vertical striation observed
for articulatory release in stop consonants and the initia-
tion of phonation indicated by the vertical striations (for
t he vowel conponent) was neasured inmllinetre scale. VOT

wae cal cul ated by using the forml a:

VOor =1 xd
S
where | - length of the paper/1l.e., dianetre of the drum

s =speed of t he drum

d = distance between articul atory rel ease
striation and striation for onset of

phonati on.
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Wde-band spectrograns of the recordi ngs were nade
and fromthese, VOI's were neasured by marking of f the
i nterval between the rel ease of the stop and the onset of
glottal vibration, i.e., voicing. The point of voicing
onset was determned by locating the first of the regularly
spaced vertical striations which indicate glottal pulsing,
whil e the instant of release was found by fixing the point
where the pattern shows an abrupt change in the overal
spectrum QOal closure is nmarked spectrographically by the
total or alnost total absence of acoustic energy in the
formant frequency rangel ; oral rel ease i s narked by the abrupt
onset of energy in the formant frequency range. Zero tine
was assigned to the reference point, the instant of rel ease;
t hus, neasurenents of VOT before rel ease are stated as
negative nunbers and call ed voi cing | ead, whil e nmeasurenents
of VOT after the release are stated as positive nunbers and

call ed voicing | ag.



CHAPTER IV

RESULTS AND DISCUSSION

VOT's for (p), (t), (t), (k), (b), (d), (d) and (g)
were obtained for stutterers and non stutterers in reading
and in isolation from the respective spectrograms. VOT for
each voiceless and voiced sound in reading and in isolation
is compared between the matched pair of subjects which are
shown in tables 1(a), 1(b), 2(a) and 2 (b). The mean,
median and range of VOT's for stutterers and non stutterers
for voiceless stop sounds in reading and for syllables in
isolation were computed. These values are shown in tables

3,4,5, and6.

Table 1(a) gives the comparison of VOT's for voiceless
stop sounds in reading for each matched pair of subjects.
It can be noted from table 1(a) that each stutterer consist-
ently showed a longer VOT for each voiceless stop sound
than that of non stutterer. For example, when VOT's for (p)
sound for subject 1 and 6 (matched, stutterer and non
stutterer respectively) are compared, subject 1 showed a
VOT of 108.39 m.secs. Whereas, subject 6 showed a VOT of
11.61 m.aecs. (Difference of VOT is 96.78 m.secs.) The
difference of VOT was always seen for each voiceless stop

sound within each pair of subjects. The range of differences
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S1.Nos. of Non Non Non Non
the pairs of Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs.
Matched
subjects

1 &6 108.39 11.61 139.35 15.48 85.16 27.09 147.10 38.71
Difference 96.78 123.87 58 .07 108.39

2 & 6 332.90 7.74 23.23 11.61 100.65 23.23 46.45 30.97
Difference 325.16 11.62 77 .42 15.48

3 & 10 15.48 11.61 23.23 15.48 46.45 27.09 38.71 30.94
Difference 3.87 7.75 19.36 7.77

4 & 9 19.35 11.61 38.71 15.48 38.71 23.23 30.97 27.09
Difference 7.74 23.23 15.78 3.88

5 & 7 15.48 7.74 30.97 11.61 77.41 23.23 77.41 27.09
Difference 7.74 19.36 54.18 50.32
Range of Diff. 3.87-325.16 7.75-123.87 15.48-77.42 3.88-108.39

Table 1(a):

reading for each Hatched pair of subjects.

showing the comparison of VOT's for voiceless stop sounds in

(44



Sl . Nos. of

t he pairs of 9
mat ched
subj ects Non Non Non Non
Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs.

1 &6 123.87 30.97 123.87 38.71 123. 87 46. 45 116. 12 77.41
D fference 92. 90 85. 16 77. 42 38.71

2 &8 77.41 15.58 46.45 38.71 77.41 46. 45 69.68 54.19
D fference 61. 83 7.74 30. 96 15. 49

3 & 10 77.41 27.09 92.90 30.97 77.41 42.58 116.12 54.19
D fference 50. 32 61. 93 34. 83 61. 93

4 &9 89.03 23.23 54.19 46. 45 77.41 61.94 89.03 77.41
D fference 65. 80 7.74 15. 47 20. 62

5 &7 154.84 30.97 309.68 38.71 100. 65 42.58 61.94 46. 45
D fference 123. 87 270. 97 58. 07 15. 49
Range of Diff. 50.32-123.87 7.74-270. 97 15. 47-77. 42 15.49-61. 93
Note: Al are negative nunbers.

Tabl e | (b): Showi ng the conparison of VOI's for voiced stop sounds in read-
ing for each matched pair of subjects.

£€E



SL.Nos. of = t
the pairs of
watched

~ct

subjects Non Non Non Non

Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs.

1 & 6 387.09 34.87 209.03 38.71 340.00 58.06 372.26 77 .41
Difference 352 .22 170.32 281.94 294 .85

2 & 8 340.64 19.35 158.71 23.23 387.10 34.87 209.81 58.06
Difference 321 .29 127.48 352.23 151.75

3 & 10 116.12 19.35 77.41 34.84 85.16 42.58 65.48 46.45
Difference 96..77 42 .57 42 .58 19.03

4 & 9 30.97 15.48 77.41 23.23 92.90 30.97 77.41 38.71
Difference 15 .49 54.18 61.93 38.70

5&7 30.97 15.48 42 .54 23.23 58.06 38.97 85.16 46.45
Difference 15.49 19.31 19.09 38.71

Range of Diff. 15.49-352.22 19.31-170.32 19.09-352.23 19.03-294-85

Table 2 (a): Showing the comparison of VOT's for voiceless stop sounds in
isolation for each matched pair of subjects.



Sl . Nos. of b d q Y
t he pairs of
Mat ched
subj ect s Non Non Non Non
Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs. Sttrs.

& 6 193. 55 7.74 170.32 85.16 154.84 100.65 178.06 131.61
D fference 185. 81 85. 16 54. 19 46. 45

2 &8 103. 39 69.68 139.35 85.16 131.61 92.90 154.84 100.65
D fference 33.71 54. 19 38.71 54. 19

3t 10 131.61 81.29 189.03 96.77 154.84 100.65 162.58 108.39
D fference 50. 32 92. 26 54. 49 54.19

4 & 9 77.41 57.41 139.35 81.29 96. 77 85.16 139.35 108.39
D fference 20. 00 58. 06 11. 61 30. 96

5 &7 85.16 77.41 96.77 85.16 116. 12 96. 77 157.85 116.12
D fference 7.75 14. 61 19. 35 41.73
Range of Diff. 7.75-185.81 14. 61-92. 26 11. 61-54. 19 30. 96-54. 19
Note:- All are negative nunbers.

Tabl e 2(b): showi ng the conparison of VOTI's for voiced stop sounds in isola-
tion for each matched pair of subjects.

st
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Table 3
P t € k
Stutterers
Mean 96.32 51.10 69.68 68.13
Median 19.35 30.97 77 .41 46 .45
Range 15.48 23.23 38.61 30.97
to to to to
332.90 139.35 100.65 147.10
Non Stutterers
Mean 10.06 13.93 24 .77 30.96
Median 11.61 15.48 23.23 30.94
Range 7.74 11.61 23.23 27.09
to to to to
11.61 15.48 27.09 38.71

Table 3 shows the Mean, Median and Range of VOT's for
voiceless atop sounds in reading.
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Table 4
b d d 9
Stutterers
Mean -104. 51 -125. 42 -91.35 -90.58
Medi an - 89.03 - 92,9 -77. 41 - 89.03
Range -154. 84 -309.66 -123.17 -116. 12
to to to to
- 77.41 - 46.45 - 77.41 -61.94
Non Stutterers
Mean - 25.57 - 38.71 -48. 00 - 61.93
Median - 27.09 . 38.71  -46.45 - 54. 19
Range - 30.97 - 46.45 -61.94 - 77. 41
to to to to
- 15.58 - 30.97 -42.58 - 46. 45

Tabl e 4 Shows the Mean, Median and Range of VOI's for
voi ced stop sounds in reading.
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Table 5
P t t k
Stutterers
Mean 181. 16 113. 02 192. 64 162. 02
Medi an 116. 12 77.41 92.90 85. 16
Range 30. 97 42. 54 t%8'06 65. 48
to to 387. 10 to
387. 09 209. 03 372. 26
Non Stutterers
Mean 20. 91 28.65 41.09 53.42
Medi an 19. 33 23. 23 38.97 46. 45
Range 15. 48 23. 23 30. 97 38.71
to to to to
34. 87 38.71 58. 06 77 41

Tabl e 5 shows the Mean, Medi an and Range of VoT' s for
voi cel ess stop sounds in isolation.
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Tabl e 6
b d d g
Mean -118.22 -146.96 -130. 84 -158.54
Medi an -103.39 -139.35 -131.61 -157. 85
Range -193.55 -189.03 -154.84 -173. 06
to to to to
- 77.41 - 96.77 - 96.77 -139. 35

Non Stutterers

Mean - 58.71 - 86.71 - 95.23 -113. 03

Medi an - 69.68 - 85.16 - 96.77 -108. 39

Range - 81.29 - 96.77 -100.65 -131.61
to to to to

7.74 - 81.29 - 85.16 -100. 65

Tabl e 6: Shows the Mean, Medi an and Range of VOT's for
voi ced stopsoundsin isolation.



Language No. of P t t k b d d g

S's
Kannada ° Mean  10.06 13.93 24.77 30.96 -25.57 -38.71 -48.00 -61.93
Range 7.71 11. 61 23.23 27.09 -30.97 -46.45 -61.94 -77.41
to to to to to to to to
H ndi * 1 Mean 12 11 11 16 -89 - 88 -74 - 47
Range 5-20 5-20 5-15 10-25 -115to -120to -140 to -70to
-75 -50 - 30 -35
Tam | * 1 Mean 12 10 - 27 -61 - 64 - -56
- Range 0-45 0- 25 - 15-40 -75to -100to - 10to
- 40 -45 - 80
Mar at hi * 1 Mean 0 11 11 21 -106 -98 - -81
Range 0 10-15 10-15 20-25 -145to -110to - -90 to
- 85 - 75 -70
Eng/ t/ Eng/ d/
Engl i sh* 4  Mean 28 39 - 43 7/ - 65 9/-65 - 17/ - 45
Range 0-45 15-70 - 30-65 0-15/ 0- 25/ - 0-13/
-65 -20to -90 -45

* Data as presented by Lisker and Abranson (1964).

Tabl e 7 Shows Mean and Range of VOTi nreadi ngof sentencesfor different | anguagef or
— nornal speakers (in m secs.)

oy
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are 3.87 to 325.16, 7.75 to 123.87, 15.48 to 77.42 and
3.88 to 108.39 for (p), (t), () and (k) sound respectively

is reading.

Table 3 shows the mean, median and range of VOT's for
stutterers and non stutterers for voiceless stop sounds 1in
reading. It can be seen from table 3 that the stutterers
consistantly showed a longer VOT for each voiceless stop
sound when compared with non stutterers. For example, the
meand VOT for (p) sound in reading is 98.32 m.sec., with a
range of 15.48 to 332.90 m.secs., whereas for non stuttering
group the mean VOT for (p) 1s 10.06 m.secs., with a range of
7.74 to 11.61 m.secs. Similarly for the other voiceless
stop sounds also the mean VOT was longer than that of non
stuttereres. Thus the hypothesis 1(a), which states that
there will be no difference between stutterers and non
stutterers for VOT values of voiceless stop sounds in reading,

is rejected.

A comparisons of VOT's for voiceless stop sounds in
isolation for each pair of stutterer and non stutterer has
been presented in table 2(a). It is evident from table 2(a)
that each stutterer displayed a longer VOT in spectrogram
for each voiceless stop sound in isolation, than that of
non stutterer. For example, VOT for (p) sound in isolation
for subject 1 (a stutterer) is 387.09 m.secs., and that of

subject 6 (a non stutterer, matched with subject 1) 1s 34.87
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m.secs. The difference of VOT for these two subjects for /p/
sound in isolation is 352.22 m.secs. The difference in VOT
was always observed for each voiceless stop sound in isolation
within each pair of subjects. The range of differences are
15.49 to 352.22, 19.31 to 170.32, 19.09 to 352.23 and 19.03

to 294.85 m.secs., for (p), (t), (t£) and (k) sound respectively

1n 1solation.

The mean, median and range of VOT's for voiceless stop
sounds in isolation have been shown in table 5. It can be
noted from table 5 that in isolation also stutterers consis-
tently showed a longer VOT values for each voiceless stop
sounds. For example, the mean VOT for stutterers for (p)
in isolation ia 181.16 m.secs., and the range is 30.97 to
387.09 m.secs., and for the non stutterers the mean VOT for
(p) 1in isolation is 20.91 with a range of 15.48 to 34.87 m.secs.
similarly, the VOT's for stutterers for other voiceless stop
sounds (t), (t) and (k) in isolation ere longer than that
of non stutterers. Thus, the hypothesis 1l (b), that there
will be no difference between stutterers and non stutterers
for VOT values of voiceless stop sounds in isolation is

rejected.

The VOT values for voiced stop sounds in reading for
each pair of subjects (stutterer and non stutterer) have

been compared in Table 1(b). It can be seen from table 1 (b)
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that each stutterer showed a | onger VOT for each voi ced

stop sound in reading than that of the non stutterer who

has been nmatched with the stutterer with respect to age,

sex and | anguage background. For exanple, when subjects

2 and 8 are conpared for the VOT val ues of (b) soundin

readi ng, subject 2(a stutterer) shows a VOT of -77.41 m secs.,
and subject 8 (non stutterer) shows a VOT of -15.58 m secs.
(The difference of VOT is -61.83 msecs.). The VOT diffe-
rence is noted for each pair of subjects for all the voiced
stop sounds in reading. The range of differences are

-50.32 to -123.87, -7.74 to -270.97, -15.47 to -77.42 and -
-15.49to -47.42 for (b), (d), (d) and (g) sounds respectively,

inisolation.

Table 4 represents the nean, nedian and range of VOT' s
for voiced stop sounds in reading for stutterers and non
stutterers. |t can be nade out fromtable 4 that nean
VOI's for each voiced stop sounds in reading for the stutteres
are longer than that of non stutterers. For exanple,the
nmean VOT of (b) for stutterers is -104.51 msecs., witha
range of -154.84 to -77.41 msecs., and the nean for the
sane sound in reading for non stutterers is -25.57 msecs.,
with a range of -30.97 to -15.58 m secs. Longer VOI's for
each voiced sounds viz., (d), (d) and (g) inreading are
al so observed for the stutterers when conpared wi th non
stutterers. Thus, the hypothesis 2(a) that there will be no

di fference between stutterers and non stutterers for VOT
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val ues of voiced stop sounds in reading, is rejected.

Tabl e 2(b) shows the VOT val ues of voi ced stop sounds
in isolation for each matched pair of subjects. It is
evident fromtable 2(b) that all the stutterers consistently
show a | onger VOT val ue for each voi ced stop sound than that
of the non stutterers. For exanple, the VOT val ues for (b)
inisolation for subjects 1 and 6 (stutterer and non
stutterer respectively) are -193.55 and -7.74 m sec.,
respectively. (The difference is -185.81 m. sec). The
range of differences between VOT val ues between stutterers
and non stutterers are -185.81to -7.75, -92.26 to -14. 61,
-54.19 to 11.61, -54.19 to -30.96 for (b), (d), (d) and

(g) sounds respectively.

Mean, nmedi an and range of VOT val ues for voi ced stop
sounds in isolation for stutterers and non stutterers have
been presented in table 6. It can be noted fromtable 6 that
t he mean VOT for each voiced stop sound is |onger for
stutterers than that of non stutterers when both the stutte-
rers and non stutterers read the sounds, in syllables, in
i solation. For exanple, the nmean VOT for (b) in stutterers
is -118.22 msecs., with a range of -193.55 to -77.41 m secs.,
and for the non stutterers the mean VOT is -58.71 m secs.,
and the range is -81.29 to -7.74 msecs. Thus, the hypothesis
2(b) which states that there is no difference between

stutterers and non stutterers for VOT val ues of voiced stop
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sounds in isolation, is rejected.

Hllnman and G | bert (1977) studied the VOT for voicel ess

stop sounds in fluent reading of stutterers and found the

VOT to be longer than that of non stutterers. Their study
was limted to only voicel ess stop sounds, in reading condi-
tion. Agnello (1975) studied the VOT for both voi ced and

voi cel ess stop sounds for stutterers and non stutterers and
found the VOT values to be nore in stutterers than that of
non stutterers. The present study supports the findings of

Hllman and Gl bert (1977) and that of Agnello (1975).

According to HIllman and Gl bert (1977), "Breathing
di sturbances often exhibited by stutterers may account for
| ong VOT val ues observed in the fluent speech of the
stutterers. Such disturbances as shallow inhal ati on and
shal | ow exhal ati on bring about reduced subglottal pressures
and weak airflows which may be slowto start and nmay be
limted duration. The inability to generate adequate and
steady subglottal pressures would also contribute to a del ay

i n the onset of phonation and increase in VOT".

since the present study finds a | onger VOT in syllables
inisolation also for the stutterers than that of non
stutterers, the explanation given by HIllnman and G | bert

(1977), may have to be revi ened.

According to Schwartz's nodel 'the inappropriate vogorous
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contraction of posterior cricoarytenoid in response to
subgl ottal air pressure required for speech’ leads to an
Increase in voice onset time. H s nodel also states that
‘when a speaker has the difficulty to inhibit the posterior
cricoarytenoid reflex activity hie VOT will be nore'.
Probably the 'inappropriate vigorous contraction of the
posterior cricoarytenoid as indicated by Schwartz (1976)
in his nmodel may account for the |onger VOT val ues for the
stop sounds in reading and in isolation for the stutterers.

The mean, nedian and range of VOT val ues conputed for
the non stutterers (Tables 3, 4, 5 and6) shows that the VOT
for voi ced stop sounds for the non stutterers are al ways
negative, that is, there is always a voicing |ead for the
voi ced stop sounds. The voicel ess stop sounds al ways showed
a voicing lag (indicated by positive nunbers). For exanpl e,
for the non stutterers, the mean VOT for (p) sound is 20.91
msecs., inisolation (wth a range of 15.48 to 34.87 msecs.)
whereas, the mean VOT for (b) sound in isolationis -58.71
msecs., (range -81.29 to -7.74 msecs.) (Ref. Tables 5 and
6). Thus hypothesis 3(a) which states that there will be
no difference between VOT for voiced stop sounds and VOT for

voi cel ess stop sounds in non stutterers is rejected.

In case of stutterers also there is always a voicing

| ead for voiced stop sounds which are shown by the negative
nunbers, both inreading and inisolation (ref. Tables 4 & 3).
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For the voicel ess stop sounds there is a consistent voicing
lag. This is indicated by positive nunbers. For exanpl e,
the nean VOT for (b) in stutterers is readingis -104.51

m secs., (range -154.84 to -77.41 msecs.) and the nmean
VOT for (p) in stutterers inreading is 98.32 msecs., with
a range of 15. 48 msecs., to 332.90 msecs., (ref. tables
4 and 3). Thus, the hypothesis 3(b) which states that
there will be no difference between VOT for voiced stop
sounds and VOT for voicel ess stop sounds in stutterers is
refuted. The findings of the present study agree w th that
of Lisker and Abranson (1964) whostatesthat "In English

/ bdg/ and / ptk/ differ every where in the tine of voice

onset relative to rel ease"

It can be noted fromtable 5 and table 3 that VOT for
each voi cel ess stop sound in isolation is higher than that
of inreading for stutterers. For exanple, the mean VOT for
/I p/ inisolation for stutterers is 181.16 msecs., (range
30.97 to 287.09) and the nean VOT for the sane sound in
reading for the stutterers is 98.32 m secs., (range 15.48
to 332.90 msecs.) when the nean VOT vel ues for the voiced
stop sounds in isolation for the stutterers, (Table 6) are
conpared with that of in reading for stutterers (Table 4) ,
the VOT values in isolation are found to be | onger than in
reeding. For exanple, in case of (b) inisolation, the nean

VOT val ue for the stutterers is -118.22 m secs., (range
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-193.55 to -77.41 m secs.) whereas, the nmean VOT val ue

for the sane sound in reading for the stutterersis
-104.51 msecs., wth a range of -154.84 to -77.41 m secs.,
(ref. tables 6 and 4) . Thus the hypothesis 4(a) that
there will be no difference between the VOT for syllables
in isolation and VOT for the same sounds in spontaneous
reading in stutterers is rejected, i.e., the VOT val ues for
the stop sounds, in syllables, inisolationis |onger than

I N spont aneous r eadi ng.

Table 5 and table 3 also indicate that VOT val ues for
syllables in isolation are nore than that of the sane sounds
inreading in non stutterers al so. For exanple, the nean
VOT for (p) inisolation for non stutterers is 20.91 m secs.,
with a range of 15.48 to 34. 87 msecs., and t he nean VOT of
t he sane sound i n spontaneous reading for non stutterers is
10.06 with a range of 7.74 to 11.61 msecs. The other
voi cel ess st op sounds al so di splayed a | onger VOT in isolation
than that of in spontaneous reading in case of non stutterers.
For voi ced stop sounds al so the VOT val ues are noted to be
| onger than in spontaneous reading (ref. table 6 and table 4) .
For exanpl e, nmean VOT for (b) inisolation for non stutterers
Is-58.71 maecs., with arange of -81.29to0 -7.77 m secs.,
and the nmean VOT for the same sound in reading is -25.57

m secs., wWth a range of -30.97 to -15,58 msecs. Snmlarly



49

other voiced stop sounds in isolation displayed longer

VOT values than that of in spontaneous reading in non
stutterers. Thus the hypothesis 4 (b) which states that
there will be no difference between the VOT for syllables

in isolation and in spontaneous reading in non stutterers

is rejected, 1.e., the now stutterers show a longer VOT

for the stop sounds in isolation than that of in spontaneous

reading.

Maker and Abramson (1964) & Hillman and Gilbert
(1977) found that there is a consistent increase in VOT for
stop sounds in English as the place of articulatory constric-
tion moves backwards in the oral cavity. Hillman and Gilbert
(1977) found the same to be true with stutterers also. Tables
3, 4, 5 and 6 indicate that there is a difference in VOT
values with respect to the position of articulatory constric-
tion in case of stutterers, however, the stutterers of the
present study did not show any such consistent change in
VOT with respect to the position of articulatory constriction.
For example, the mean VOT values in reading for the voiceless
stop sounds (p), (t), (t) and (k) 98.32 m.sec., 50.10
m.secs., 69.68 m.secs., and 68.13 m.secs., respectively.
These values show that there is a difference between the VOT
for each stop sounds with respect to the position of articu-
latory constriction in stutterers. Thus the hypothesis 5(a)
which states that there will be no difference between the

VOT for each sounds with respect to the position of
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articulatory constriction in stutterers 1s rejected.

Similarly 1t can also be noted from tables 3, 4, 5 and
6 that is case of non stutterers the VOT values are diffe-
rent for different stop sounds. However, there is a con-
sistant 1ncrease 1n VOT as place of articulation moves
back in the oral cavity. For example, far the non stutterers
the mean VOT's for voilceless stop sounds (p), (t), (f) and
(k) in reading are 10.06 m.secs., 13.93 m.secs., 24.77
m.secs., and 30.96 m.secs., respectively (ref. table 3).
A consistent increase in VOT as the position of articulatory
constriction moves backwards in the oral cavity has also
been observed for the voiceless stop sounds 1n isolation and
the voiced stop sounds both in isolation and in reading for
the non stutterers (ref. tables 4, 5 and 6) . Thus, the
hypothesis 5(b) that there will be no difference between the

VOT for each sounds with respect to the position of artlcu-

latory constriction in non stutterers is rejected.

In the present study, an increase 1in volce onset time
as the position of articulatory constriction moves backwards

in the oral cavity has been observed for non stutterers.

Table 7 shows the mean and range of VOT values for each
voiceless and voiced stop sounds in different languages for
the normal speakers (non stutterers). The mean VOT for

stop sounds in initial position of a word in sentences level
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in Hindi, Tamil, Marathi and English as presented by
Lisker and Abramson (1964) have been shown and compared
with that of the values obtained in the present study in

Kannada language.

Mean VOT for (p) 1n Kannada was found to be less than
that of Hindi and Tamil,i.e., Mean VOT for (p) 1in Kannada
is 10.06 m.secs., whereas for Hindi and Tamil 1t 1s 12
m.secs. In case of English the mean VOT for (p) was re-
ported to be 26 m.secs. Thus, English initial (p) has got
a longer VOT than that of Kannada. In Marathi, the mean VOT

for the same (p) sound was reported to be zero m.secs.

VOT for (t), (t) and (k) sounds in Kannada was found
to be more than that of Hindi and Marathi. VOT for (t) and

(k) 1n Kannada was found to be more than that of Tamil.

In English the voiceless stop sounds in initial position
of a word (in reading) show a longer VOT's than that of

Kannada.

When the mean VOT values of Kannada voiced and voiceless
stop sounds are compared with that of other languages, a
clear difference was observed, thus the hypothesis 6 which
states that there will be no difference between the VOT for
stop consonants in Kannada and the reported VOT for other stop
consonants in other languages i1n non stutterers i1s rejected.

Voicing lead in case of all voiced stop sounds and voicing
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lag for all voiceless stop sounds in initial position of
wor ds have been observed consistency for all the subjects.
This may be a characteristic feature in Kannada | anguage.

The results of the present study reveal that, the
stutterers have shown a |onger VOT for the voicel ess and
voi ced stop sounds both in reading and in isolation when
conpared to that of non stutterers who were matched accord-
ing to age, sex and |anguage background. The |onger VOT
observed in the present study in case of stutterers may be
due to difference in laryngeal muscle activity as pointed
out by Wke (1972) and Schwartz (1974) or breathing distur-
bances (Hllman and Gl bert, 1977) or due to difference in
neurol ogi cal function (Schwartz, 1974).

The present study al soindicateathat thereisa

difference in VOT between each voi cel ess stop sound and its
voi ced counterpart, i.e., thereis always a voicing |lag for
t he voi cel ess stop sounds (indicated by positive numbers)
and a voicing lead for the voiced stop sounds (indicated by
negative nunbers) and this has been observed both for
stutterers and non stutterers, inreading as well as in
Isolation. Like English |anguage (as pointed by Lisker and
Abranson, 1964) this way be a characteristic feature is
Kannada | anguage. However, this has to be confirmed by
further extensive studies with many subjects. Fromthe data
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as presented by Li sker and Abranson (ref. Table 7), it

can be noted that, in case of Marathi |anguage the VOT for
initial (p) sound is zero, which neans, there is an absence
of voicinglag ininitial (p) sound. In the present study,
for Kannada | anguage this was not noted in case of any stop

sounds.

For the non stutterers there were always a consi st ent
i ncrease of VOT val ues both in reading and in isolation as
the position of erticulatory constriction nmoved backwards
in the oral cavity. Lisker and Abranson (1964) and H || man
and G | bert (1977) observed the same phenonenon for English
| anguage i n case of nornmal speakers. But, unlike the re-
sults obtained by HIlIman and G | bert (1977) far stutterers,
the stutterers of the present study did not show a consi stent
rel ati on between the VOT and position of articuiatory con-
striction in the oral cavity. This may be due to varieties
of stutterers depending on severity and nature of stuttering

or other factors.

The mean VOT val ues i n Kannada (whi ch have been obt ai ned
fromthe present study) for all the voiced and voi cel ess
stop sounds in initial position of words (in spontaneous
readi ng of a passage constructed for the study, which includes
t he words having the stop sounds in initial position) have not

been observed to be sane with that of English or Tam!| or
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Hndi or Marathi. This indicates that VOT varies from
| anguage to | anguage.



GHAPTER V
SUMWARY AMD CONCLUSI ONS

The notion that the larynx is a culprit for stutter-
ing dates back as early as the el eventh century. Recently
t he expl anation regardi ng the basic nature, cause and
Mai nt enance of stuttering has been given on the basis of
| aryngeal dysfunction. Voice Onset Tinme (VOT) is one of
the paraneters anong the tenporal aspect of speech, which
i ndi cates laryngeal function. VOT has been defined as
"The durati on between the rel ease of a conplete articulatory
constriction or burst transient and the onset of phonation”
(Li sker and Abranson, 1964; 1967). Studies have shown
that VOT in stutterers is longer than that of non

stutterers in case of english stop sounds.

The present study was undertaken to conpare the VOI' s
of stutterers for voiced and voicel ess stop sounds of
Kannada | anguage i n spont aneous reading and in syl |l abl es,

inisolation wth that of non stutterers.

The fol |l ow ng hypot heses were posed -

1. There will be no difference between stutterers and
non stutterers for VOT val ues of voi cel ess stop sounds,

(a) inreading (b) inisolation.
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2. There will be no difference between stutterers
and non stutterers for VOT val ues of voiced stop sounds

(a) inreading (b) inisolation

3. (a) Therew || benodifferencebetweenVOTfor
voi ced stop sounds and VOT for voicel ess stop sounds in

non stutterers.

(b) There will be no difference between VOT for

voi ced stop sounds and VOT for voicel ess stop sounds in

stutterers.

4. There will be no difference between the VOT for
syllables in isolation and VOT for the same sounds in

spontaneous reading (a) in stutterers (b) in non stutterers.

5. There will be no difference between the VOT for
each sounds with respect to the position of articulatory

constriction (a) in stutterers (b) in non stutterers.

6. There will be no difference between the VOT for
stop consonants in Kannada and the reported VOT for atop

consonants in other languages 1in non stutterers.

To test the hypotheses five stutterers and five non
stutterers were taken. The two groups of subjects were
matched in ternms of age, sex and | anguage background. For

the purpose of this study a passage in Kannada was
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constructed. This passage included words which contained
/e/,/c/,/%/, /H/, /b/, /d/, /d/, and /g/ sounds in
initial position. The subjects were instructed to read
the passage. Besides this, the subjects also read the
syllables of the same sounds mentioned above, in isolation,
with the vowel (a) (in cv paradigm). The speech samples
were recorded in a high quality tape recorder. The initial
segments of the words having the aforesaid sounds and the
syllables were separated and displayed in wide band
spectrograms, using a Kay 6061 B Sonagraph. VOT measure-
ments were made using the technique followed by Lisker

and Abramson (1964).
The results of the study revealed that -

1. The stutterers showed a longer VOT for voiceless
and voiced stop sounds both in reading and in isolation

when compared to that of non stutterers.

2. There was a difference in VOT between each voice-
less stop sound and its voiced counterpart; i.e., there
was always a voicing lag for the voiceless stop sounds
(indicated by positive numbers) and a voicing lead for
voiced stop sounds (indicated by negative numbers). This
was observed for both stutterers and non stutterers in

reading as well as in isolation.

3. The stop sounds in isolation consistently displayed
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a longer VOT in spectrograns than in reading.

4. There was a consistant increase in VOl with
respect to the position of articulatory constriction (as
It noved backward in the oral cavity) in case of non

stutterers.

5. No consistent variation in VOl with respect to
the position of articulatory constriction was observed
for stutterers. However, there was a difference in VOT

for various stop sounds.

6. The nena VOT val ues for the stop sounds in initial
position of words in Kannada (obtained fromthe present
study) were observed to be different than that of other

Languages. Thus VOT varies froml anguage to | anguage.

Recommendati ons for further study

1. The sane study may be repeated with a | arge nunber

of stutterers and non stutterers.

2. VOT nay be studied for various groups of stutterers

dependi ng upon severity.
3. Age and sex dependency wi th VOT may be studi ed.

4. VOT for stop sounds in running speech and that of

I solated words nay be studied for stutterers and non stutterers.
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5. VOT for stop sounds in nedial and final posi-

tions of words may be studied.

6. A conparison of VOT before and after therapy nay

be studied in case of stutterers.

7. VOT for atop sounds in isolation may be studied
for various | anguage speakers to see whet her VOT for

I sol ated sounds are | anguage dependent or sound dependent.

8. VOT for Kannada stop sounds (or any ot her |anguage
which is the nother tongue) and English stop sounds (or
any ot her | anguage which is second | anguage) may be

studi ed conparatively in stutterers and in non stutterers.

9. VOT for stutterers and non stutterers may be
studi ed by Gscill ographAc nmethod and the results can be
conpared w th Spectrographi c net hod.
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[ nstructions: -

U0 THE MgV, SUsy, SU BuIVY, AU SRTUIUEd.
TOIVDMY,, GIMWEY, wWh. MY JoSNRTIT R 0L SNRD:-—

The passage:-

oo ort Bade 200000 FUSA BODL,W. MOIVY, CIRRUA
GUTRTIODY VOTWJ. [WHTUD B DOIS,, SOUIUIIESNTNCTY. IJITION
3xd oty B3Y,. TEH Judodw BUBK © Sodiv, Sow foew,. o,
U, T3, ,000003). T3 R0J0000 [LOR Id, IV, Ao
BUatuty.

wedadve,, BUReiva, Budr, TEUwOR woTy UB, A8 ,3BU. 8,000y
830w Upedmar VI LIV UTLOIVFTIOIISY.  BOMRTE BUR OIS, TUT
TOT @ 08,0008, 3J,. MOIE,00udu, T8iv 3RO HSoTISIOTYY.
w8 eI¥E, Wooud, womy, $Movdeosy Sult Bueeovy. Fooud
VU, 3U0e0ARM, VIR ©TLOIUFTRONBY. * W0 W0 BRONT,
20,0 SW0BS DoTY D000 GV JOSV.
-, .

by 39 Bl LT
R ar] oo ™

*The sounds whi ch are underlined were subjected to
anal ysi s, however, in the original passage whi ch was gi ven
to the subjects while recording, none of the sounds were

under | i ned.
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Y. A Kishore Kumar No. 19600 Age: 19.5 Yrs.
Sex: Mal e Mot her Tongue: Kannada

Q her | anguages: English, H ndi

(Onset of stuttering: At the age of 3 years

The case reports that he was a |left hander and

| ater he started using his right hand for vital

pur pose.

speech eval uation: A case of severe stuttering,
characterised by arrest of articulatory postures,
silent and audi bl e pauses and repetitions.
Secondaries |i ke eye blinking, head novenent, |eg

and hand novenent are present .

Advi ce: - Prolongation therapy at AlISH The

case underwent prolongation therapy for one nonth
during April-My 1979 and di scharged with a con-
siderabl e i nprovenent. He was subjected to the

experinment after therapy.

B. Magesh No. 21995 Age: 15 years

sex: Mle Mot her Tongue: Kannada

Q her | anguages: N |

Onset of stuttering: At the age of 10 yaars

Speech eval uation,- Mdderate stuttering, characterized

by hesitations, prolongations and silent pauses.
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secondaries like facial grimaces were present.

Advi ce: Prol ongati on.

The case underwent therapy for a nonth during
April -May 1979. showed a consi derabl e i nprove-
ment in fluency. He has been asked to keep up
prol ongation. This subject al so was subjected to

the study after therapy.

Sujit Kumar No: 19692 Age: 17 Year s

Sex: Male Mot her Tongue: Kannada

Onset of stuttering: At the age of 6 years

Speech evaluation : Mderate stuttering
characterized by prol ongati on of syllables, repeti-
tion and silent pauses. Secondary synptomwas
trenbling of lips. Stuttered nore for the sounds

(p), (), (n), (v), (ch), (r)

Avi ce: Prolongation

The case underwent therapy at KR H dinic for

a nont h, showed i nprovenent and then was subjected

to experinentation.

L

Anand Babu NO. 179 Age 15 yrs 6 nonths
Sex: Ml e Mot her Tongue: Kannada

ot her |anguage : English

Onset: At the age of 7 years

Speech eval uation: Mderately severe stuttering

characterised by repetitions of syllables, sucking
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of air, pauses, etc.

Eye blinking was observed as a secondary synptom
Advi ce: Prol ongati on.

The case attended therapy at Al SH and showed

| mprovenent .

He was subjected to experinentation after therapy.

5:-Anil No. 4805 Age: 20 years

Sex: Mal e Mot her Tongue: Kannada

G her | anguage: English

Onset: At the age of 6 years

Speech eval uation: Mderately severe stuttering
Characterised by repetitions, prolongation, hesita-
tion and pauses. Secondary synptomwas pursing to
lips.

Advoce: Prolongation therapy at All SH

He underwent therapy for 30 sessions in AllSH
dinic and showed inprovenent. He was included

as a subject for the experinent after therapy.

Nor nal

Subba Rao Sex: Male  Age: 19.5 vyears

Mot her Tongue: Kannada

Q her | anguages: Tel ugu, Hi ndi, English

No famly history of any speech and hearing probl em

Student of 111 B.sc., Speech and Hearing
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Subj ect 7:- Nornal

Subj ect 8: -

subj ect

subj ect

9: -

10:

Sri dhar Sex: Mal e Age: 20 years
Mot her Tongue: Kannada

Q her | anguages: English, H ndi

No famly history of any speech and hearing
probl em

Student of Il B.Sc., Speech and Hearing

Nor mal

Uday Kumar  Age: 15 years  Sex: Mal e
Mot her Tongue: Kannada

Ot he |anguage: English

No fam |y history of any speech and hearing
probl em

Student of |X standard

Nor nal
Hari sh sex: Male Age: 15 yrs., 7 nonths
Mot her Tongue: Kannada

Q her |anguage: English
No fam |y history of any speech and hearing
probl em

student of X standard.

- Nor nmal

Prakash Age: 17 years  sex: Mal e

Mot her Tongue: Kannada: O her Languages: Engli sh,
Hindi. No famly history of any speech and hearing
problem Student of | PUC
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SPEQ FI CATION O KAY 6061-B SONAGRAPH

Frequency Range
Di spl ays avail abl e

Anal ysis time
Ef fective Resolution

AGC Range
Frequency Calibration

Response
Recording time

Amplifier characteri-
stics

| nput | npedance

Recordi ng Medi um

M crophone suppl i ed

Power supply

Di nensi ons

Viéi ght

: 80 - 8000 Hz;

: 125 Lbs.

: 85to 16,000 Hz in two ranges

Frequency- Vs- Anpl i t ude- Vs- Ti ne
(Conventi onal )

Frequency- Vs- Anpl i t ude- Vs-Ti e
(Cont our)

Anpl i t ude- Vs- Fr equency
Anpl i tude-Vs-Ti ne

1.3 Mnutes

45 & 300 Hz

160 - 16000 Hz; 90 & 600 Hz

: Variable 20 to 4 dB down to 10
. Switchable at 50; 500 or 1000 Hz

i nterval s

. + 2 dB over entire range

: 80 - 8000 Hz 2.4 Secs.

160 - 16000 Hz 1.2 Secs.

Flat or 13 dB high-frequency pre-
enphasi s

: 200, 600 or 10,000 ohns, sw tchable

Ni ckel -Cobalt plated turntable
A tec-Lansing 681 A dynamc

: 117 V, 50/60 CPS, 100 W reqgul ated

25" h x 20" wx 18% d
(approx.)



