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| NTRODUCTI ON

"Stuttering is a baffling disorder for both client
and clinician. It is amazing that such an ancient universal
and obvi ous human probl em should defy precise description,
despite countless scientific investigation, the basic nature
and use of stuttering remain a nystery (Emeri ck and
Hatten, 1974) "people have attenpted to explain stuttering
in various days during the past 5000 years. Itard a French
physician in a book published in 1817 speculated that
stuttering was caused by a general debality of the nerves
which stimulated the novenent s of t he t ongue and
[arynx (Huntl967) Rutter stated that "stuttering was
caused by a disproportion between the rate at which the
brain can produce thoughts and that at which it can transfer
themto the different stages of innervation (Appelt 1911).
Dunli p(1932) believed that the habit of stuttering coul d

be weakened by practicing voluntary stuttering.

Futhill (1940, 1946) showed that they higher expert
observer may have difficulty 1in agreeing on whether an
i nstance of stuttering has occurred on a given occasion. It
should be noted that the instrunents and nethods of the
acoustic phonetics |aboratory have hardly been used as yet
in the attenpt to define stuttering. 1In wearly studies
Bobbi ns (1955), Cords (1936) and Shaffer (1940) descri bed

sone of the tenporal characteristics of stuttered speech.



More recently, Stronmster (1965) and Agnello (cited by Von
Ri per, 1971) have nade start in the spectrographic analysis

of stuttering.

Boone and Ri chardson (1931) and Gyford (1940) conferred
that stuttering was due to faulty l|earning. Freud devel oped
and conception of stuttering as an expectancy necrosis.
Johnson (1958) viewed it as the avoi dance of speaking. Wile
Bl uenel (1951) said that a <chid is made prone to

di sorgani zed speech by the nature of his personality.

The hypothesis that stuttering is basically an
organic disorder is atleast as old as Aristotle who
speculated that there was sonething W ong with t he
swal | oner's tongue. Another view point in the context of
dyphem a has been suggested by Eugenson (1958), while Oton
and Travis gave stress to the dom nant cerebral hem sphere
larynx of the stutterer is nore tensed as conpared to that

of non stutterer (Gantheron et al., 1973).

Later according to aerodynamic theory of voice
production by Lefernmenn (1961) and Fitze (1976) the higher
censors of the vocal cords and the increased subglottic air
pressure found in stutterers should result in raised nean Fo

and it leads to the question whether there is difference in

nmean Fo between stutters and non-stutters.



Stal kweather et al. (1976) have observed that

stutterer was slower in initiating vocalization.

HIillnmen and Gl bert (1971) have reported that VOT
values of stutterers for intervocalic voi cel ess st op
consonant influent contextual speech were specificantly

hi gher than that of nornmals.

Heal ey and Qudkin (1984) observed that VOT differences
between the stutterer and non-stutterer and found that for
the voiceless stops the stutterers did not have big |ong VOT
than the non-stutterer although they showed a w de range of

fundanmental frequencies than on stutterers. But for the

voi ced stops the difference in VOI was nore and not the of
di fferences. The authors ruled out the influence of rate of
speech on the values of VOI as the big difference appeared

bet ween the two groups.

The inappropriate vigorous contraction of post
cricothyroid as suggested by Schwartz (1974) and t he
simul taneous contraction of intrinsic nuscles of [larynx as
observed by Freenmen and Ushizima (1975) during stuttering
mght result in a change in the tenporal aspects of speech
with respect to voicing. VOI, voice initiating time, voice
termnation on are some paraneter and the tenporal aspects

of speech.

The present study has nmade use of spectrography for

studyi ng these paraneters in stutterer and non-stutterer and



to see the correction effect of these paranmeter to nmatch

the normals and vice versa.
Need for the study

Considering the protable relationship of the acoustic
paraneters with the speech intelligibility, the need to
study ensure the acoustic paraneters was found and later to
obtain the effect of correction of these acoustic paraneters
on the intelligibility of the speech of stutterers And vice

versa

For this purpose, the study was attenpted to conpare
the acoustic paraneters of normals and stutterers and to
later find the effect of correction of these paraneters on
speech of stutterers to sound like normal and addition of

these paraneters on nornmals to sound |ike stutterers.

Pur pose of the study

The purpose of the study is to list the followng
hypot heses.
1. Voice onset tine
For mant frequency
vowel duration

2
3
4. Transition duration
5. Wrd duration

6

fund frequency



Limtations of the study
- Done only Kannada
- Had done using only 5 stutterers
5 non-stutterers
- Limted age group

-done only in males

Correction of only repetitions and prolongations

done due to lack of tine.
| npl i cations of the study

This study hel ps in knowi ng the probable rel ationship

of corrected acoustic paranmeter and speech intelligibility.



REVI EW OF LI TERATURE

Stuttering genesis to netanorphosis - still a nystery

Anong the many cal aneties incidental to human nature
there are few so distressing as confirnmed stuttering. It 1is
i ndeed, a nelencholy spectacle to see a youth born to a good
position of refined intelligence, possessi ng ext ensi ve
information seemngly destined to adorn society and yet
t hough so highly gifted unable to give oral expression to
his thought w thout inflecting pain on those who |listen to
hi m or subjecting hinself to redicule for while deaf nute is

pitied, stutterer is laughed at.

Aristotle who wote practically everything, discussed
stuttering wunanbiguously. He offered the suggestion that
stuttering is due to weak tongue that acts too sluggishly to
keep up with the conception of the mnd. In the nineteenth
century Andrew Conbe stated that stuttering results from
"the ineffectual struggle of a small organ of |anguage to
keep pace with the workings of |ayer organs of intelligence.
In the second century AD, Galen renowned G eek physician of
Peyamum t hought that stutterer's tongue were either to short

or too thick and swol | en.

Mucukal i s (1583) published a volunme on the diseases

of children in which he recomrended applying either noisture



or warm ng and deying substance to the tongue, depending on
ci rcunstances. He believed that stuttering mght be caused
by excessive noisture or deafness of the tongue/brain or
nmuscles or by a mssing tooth and advocated a variety of
t herapeutic nmeasure including diet and vocal exercises.Bacon
(1927) attributed stuttering sinply to coldness of the

tongue and prescribed wi ne noderations "because it health".

Wth the comng of the scientific revolution in the
17th century, nore was raised about the physiol ogy of speech
production, and the tongue was gradually joined by the
| arynx, the breathing nechanism the nerves, and eventually

the brain as suspects in the causation of stuttering.

There is disagreenent about the definition of the
term stuttering. Al nost al | definitions ment i oned
repetitions of sounds and syllables and prolongations of
speech sounds and alnost all mention difficulty in beginning
to say words that is, the person knows what he or she wants

to say, but has to 'strain' to say it.

Formerly researchers tried to differentiate between
stuttering and stammering by saying that stuttering was a
physical and stamrering was a psychol ogical defect; that
stuttering was a rapid repetition of one sound (cec cat) and

stammering was an inability to produce voice; t hat



stuttering was a halt on consonants and stamering was a
halt on vowels or again that stuttering was a disorder net
with only in young children which developed into stanmmrering

if incorrectly treated (Boone and Ri chardson).

Sone of the definition are partially or wholly based
on hypothesis about its etiology. Johnson (1956) defined
stuttering as an "... anticipalory, apprehensive hypertonic
avoi dance reaction”". Coriat (1933) defined it as "... a
psychoneurosis caused by the persistance into later life of
early pre-genital oral nuesity, oral sadistic and ana

sadi stic conponents.

Sone definitions deal only with audible aspects of
speaki ng behaviour. The following are representative of such
definitions "stuttering is a deviation in the ongoing
fluency of speech, an inability to maintain the connected

rhyt hmof speech (Van R per, 1982).

According to Andrews et al. (1983) there is a
consensus that repetitions and prolongations are necessary

and sufficient for the diagnosis of stuttering.

Consi derable attenpts have been made to putforth a
common definition of stuttering. Wnjate (1964) has said
t hat, "the definitions of stuttering vary on severa

di rensions one kind attenmpts a fairly straight forward



statenment of speech characteristics, another inplies denia
that such a condition exists; other presunptively define in
ternms of etiology, others offer a description of the ful

range of Dbehavioural. Features observed in only sone
stutterers and there are short which are sonme conbination of
the foregoing. In many definitions the speech character-
istics are either taken for granted, conpr om sed or

mnimzed".

After a detailed analysis of the elenents of
stuttering, Mngate (1964) has offered and definition of
stuttering.

The term stuttering neans:

1. Disruption in the fluency of verbal expression;
which is characterized by involuntary, audible or silent,
repetitions or prolongations in the wutterance of short
speech elenment, nanely sounds, syllables words of one
syl l abl e. These disruptions usually occur frequently or are

marked in character and are not readily controllable.

2. Sonetinmes the disruptions are acconpanied by
accessory activities involving the speech apparatus related
or wunrelated body structures, or stereo-typed speech
di sturbances. These activities give the appearance of speech

rel ated struggle.
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3. Also, there are not infrequent indications or
report of the presence of an enotional state, ranging from
a general condition of 'excitenent' or 'tension' to be nore
specific enotions of negative nature such as fear,

enbarassnent, irritation or the |ike.

The imediate source of stuttering is sone in
coordi nation expressed in the peripheral speech nmechanism
the ultimate cause is presently unknown and may be conpl ex/
compound. The first part, are to Wngate, denotes the core
feature which he use universal applicability and the second
and third part identify other features which deserve

ment i on.

Several attenpts have been nmade and are going into
| ocate the causative factors of stuttering but none of them
have definitely indicated the factors which cause the
stuttering behaviour. Dalton and Castle (1977) sumarized
the various theories of stuttering under the headings
"organic" including sonme of the possible physical or
constitutional factors, "psychogenic" where personality
tracts and particularly neurotic features are given nost
i nportance, "learned behaviour” in which antici pation
conflicts and reinforcement are seen as the key factors and
"eval uational' where the diagnosis by the parents play a

major role. Beery and Eisenson (1956) have grouped the
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etiologies of stuttering under the heading of biochem cal

neur ol ogi cal, psychol ogi cal and genetic factors.

Van R per (1971) has felt that when a stutterer
stutters a word "... there is tenporal disruption of the
si nul taneous and successive programm ng of nuscle novenents
required to produce one of the wor's integrated sounds or to
emt one of its syllables appropriately or to acconplish the
preci se linking of sounds and syllables that constitute its

motor pattern.

Ainsworth (1971) has classified theories of
stuttering into two types. Under the first type he grouped
those theories looking for an "active agent”" wthin the
child which causes stuttering. It may be constitutional or
psychodynam c in nature. Constitutionally the cause may |lie
in the generalised cortical activity affecting the speech
areas (West, 1958; Eisenoon, 1958) may involve relatively
conplex auditory feedback disturbances (Stronsta, 1959).
Psychodynam cally the speech interruption may be triggered
by a primary anxiety (Trans, 1972) on the contrary there are
theories that seek an active agent outside the child in the
listener, in the immediate environnent or in the culture

itself (Johnson, Brown, Curtes, Edney and Keaster, 1967).

Thi s disorder has devel oped not froma single cause,

but as the result of a conplex interrelationship between
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many factors (Andrew and Hartes, 1964). There is sonething
about the sight of an adult in the theories of a seere
novenent of stutering which imediately suggests that there
nmust be sonmething organically wong wth him (Van Riper,
1971). Larynx has been thought to be the output even in
early days (Avienna, 1037, Hann, 1736, Morgagni, 1931).
As early as 1800, sone of the authors have attributed
stuttering to malfunctioning of larynx d Alias (1829) and
Anott (1829) regarded chronic spasmof the glottis as the
source of stuttering. Avianna (1837) related stuttering to
brain | esions which in himwere the cause of glottic spasms,
whi ch produced the stuttering synptons. Kussnaul (1877)
defined stuttering as a syllabic dysacthera, produced by a
| ack of coordi nation of voi ce, respiration, and

articulation due to neurological deficits.

Per ki ns, Rudas, Johnson and Bell (1976) Studied the
effect of systematically sinmplifying the conplexity of
phonatory and respiratory adjustnents 30 stutterers read
under three conditions - voiced, whispered and articulation
wi t hout phonation. They reported that stuttering was
considerably reduced when whi speri ng and Voi ce was
practically elimnated when articulating silently. They
considered the sinplification of phonatory and respiratory

adjustrments during these two conditions to facilitate
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rhythmcal flow of speech. Adans and Reis (1971) found that
the stuttering reduced when a voi ced passage was used when
conpared to a passage consisting of equal occurrences of

voi ced and voi cel ess sounds.

According to the nyoelastic aerodynamic theory of
voi ce production by Liebermann (1961) and Fitze (1976) the
hi gher tension of the vocal <cords and the i ncreased
subglottic air pressure found in stutterers, should result
in raised nean Fo and it leads to the question whether there
is a difference in neans Fo between stutterers and non-
stutterers during spontaneous speech. In recent years,
| aryngeal behaviour in stutterers have attracted t he
attention of nmany investigators and several attenpts have
been nade and are being nmade to investigate various aspects

of phonatory behaviour in stutterers.

Wke (1970, 1974)  believed that stuttering is a
mani festati on of phonatory alaxia, resulting from tenpora
dysfunction in the operations of the voluntary and reflex
nmechani sns that continuously regulate the tone of the
phonatory nuscul ature during speech. He distinguished two
clinical types of stuttering. "Voluntary or cortical
stamering” could arise fromgenetic, acquired or enotiona
inability to produce accurate voluntary presetting of the

phonatory nusculature for the wutterance of particul ar
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sounds. The second type is reflexogenic stamering. It is
the defective reflex maintenance of t he pr ephonat ory
posture. This <could lead to repeated stress provoking
vol untary efforts to override unconsci ous refl ex
dysfunction, by rapidly repeated voluntary resetting of the
nmuscul ature and consequent reiteration of the initial sound

in the word being uttered.

Heal ey and Ram g (1986) conpared stutterers and non-
stutterers' fluency during nultiple productions of two
dissimlar speed contents spectrographic analysis wer e
perfornmed on subjects give consequently fluent productions
of a sinple isolated phrase and a phrase extracted from an
oral reacting passage. Measures of fluent voice onset tine
(VOor) and vowel, consonant and total phrase durations were
calculated from five repetitions of each phrase. From the
isolated phrase, there were a total of five fluent
durational neasure (i.e. one VOI, two vowel, one consonant
and one phrase duration). For the phrase taken fromthe oral
readi ng passage, six fluent neasures were obtained (i.e. one

VOT, three vowel, one consonant and one phrase duration).

Results denonstrated that only one of the five
nmeasurenents taken during the isolated phrase condition was
significantly different between the groups. Three of the six

neasures obtained from the phrase taken from the oral
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reading condition revealed significant differences between
groups. No group differences were associated wth the
repetitions of either phrase for any of the dependent
nmeasures for both groups. These findings suggest that the
length and conplexity of the speech tasks wused to obtain
nmeasures of stutterers fluency play an inportant role in

di scovery of differences between the fluency of the two

groups.

Stuttering episodes were found to becone nor e
frequent when changed in voicing were increasingly required
(Adans and Reis, 1974). Even when judged to be fluent,
stutterers have been found to be slower than normals in
initiating voicing during reaction tinme experinents (Adans
and Hayden, 1976; Coss and Luper, 1979; Stackweather
H rscheman and Tannebaum 1976). VOT in CV conbi nations has
also been found to be longer in the perpetually fluent
al l onances of stutterers then in tokens wuttered by norna
control subjects (HIllman and G | bert, 1975) although there
have been findings that contradict or qualify the |onger VOT

results (Heltz, Conture and Caenso, 1979; Watson and

Al fonso, 1983).

Schef uskupper and Sinon (1992) have stated that
corresponding to the higher tension of nmuscles involved in

speech production, a higher mean fundanental frequency
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should be expected in stutterers as conpared to non-
stutterers. It was shown that a change in scores of the nean
fundamental frequency fromreading to free conversation that
stutterers tend to have a higher fundanmental frequency

duri ng spontaneous speech.

A nunber of studies have directly or indirectly
i ndi cated phonatory involvenment. Wngate (1969) considers
stuttering to be a transition defect and suggests that it is
the difficulty in shifting fromone sound to another sound
whi ch makes the stutterers to stutter. Adans and Reis (1971,
1974) reported that stutterers stutter significantly |ess
and get adopted faster while reading a passage contained all
voi ced sounds when conpared to a passage containing both
voi ced and unvoi ced sounds. They naintained that fluency is
dependent on the consent timng and pronpt snmooth initiation
and mai ntenance of airflow and glottal vibrations. Manning
and Confab (1976) found that both stutterers and non-
stutterers exhibit |ower percentage of dysfluencies during
voiced to voiced transitions, then during voiceless to
voiced, voiced to voiceless and voiceless to voiceless
phonatory transitions. Mss (1976) prepared four separate
lists of sentence of equal length. Hs subjects read the
[ists under four different conditions silent rehersal, and

aloud rehersal. Aloud rehersal resulted in significantly
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less stuttering than the other three types of rehersals. He
suggested that the crucial factors which distinguished the

four types of rehersals has |ocalization.

There are many studies which have shown t hat
stutterers are injuries to than non-stuttering peers in
their ability to start and stop phonation (HIllner Bilbert,
1974; Agnello, Wngate and Wendal , 1974; Adans and Hayden,
1976). Evidence to phonatory involvenent in stuttering has
also cones from physiological studies certain abnornal
| aryngeal activities |like erythmc vocal fold vibration
(Mul ler, 1963) wi de separation of the posterior vocal folds
(Conture, McCall and Breves, 1974) asymmetric tight closure
of the larynx (Qupta, 1966) and disruption of norma
reciprocity between abductor and adductor rmuscle groups
(Freeman and Ushi pma, 1974) have been observed to occur in
the |aryngeal nechanisns of stutterers at the time of the
stuttering block. Al these indicate that there is some
disruption in the flow of air from the subglottal to the
supraglottal region, either because of the failure of the
coordinated activity of the |aryngeal nuscles or because of
i ncreased muscul ar tension. Johnson and Rosen (1937) found
that stutterers speak nore fluently when they whisper.
Bl oodstein (1950) reported that stutterers seldom have

difficulty when they whi sper. Meckenize (1955) has found
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conplete elimnation of stuttering in the stutterers who had
used el ectrolarynx. Oswald (1948) and Irwing and Webb (1965)
reported that |aryngeolom zed stutterers did not stutter

after having |earned oesophageal speech.

Ratna and Nataraja (1972) reported a stutterer who
stuttered severely with secondaries even while whispering
and during silent reading. Ranmesh(1983) reported that there
was reduction in vot values of stutterers for [/p/ [t/l [kl
under DAF while non stutterer showed increased vot values
for /k/i, /t/, /p/. This indicates that non stutterers behave
like stutterers under DAF in terns of vot. Nat ar aj a
etal (1982) reported that normals showed speech disruption in
ternms of repetition prolongation and pauses under DAF apart
fromthese there was an increase in |loudness pitch wth
abnormal prosody and articulation. Nandur (1982) f ound
decrease in no of stutterer blocks under binaural masking
noi se. Increase in fO vocal intensity vowel duration seen in

stutterers and non stutterers.

Abraham and |isker(1974) studied vot for a no of
| anguages including Tam |, H ndi, Marat hi, English for the stop
sounds in word initial position. The vot values obtained in
their expression were found to vary from |anguage to
| anguage. Al so reported vot values in running speech are

less than that in nonsense syllables. Kotbhy etal(1989)
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studied the coorticulation in the Arabic |anguage where in
sound spectrograghic analysis of Arabic words in terms of
formant transition was found. Results obtained of 8 words
provi ded evidence that formant transition exist in spoken

Arabic indicating presence of coorticulation in Arabic.

Gayat hree (1980) investigated sone aspects phonatory

behaviour in stutterers. She investigated the

i. effects of wvarying degrees of voicing while

readi ng a passage.

ii. The relationship between the frequency of
stuttering and onset of phonation in varied contexts,

syl lables word lists and passage.

iii. The relationship between the frequency  of

stuttering and the stressed syll able.

She has concluded that phonatory behaviour is not

nornmal in stutterers.

Ramg and Adens (1980) studied the effect of
changing the pitches on the reading rate, nunber of
di sfluencies and the vowel and pause duration of groups of
children and adult stutterers and normal speaker. The
subjects were asked to read a passage in three conditions,

habi tual conditions, higher pitch and lower pitch. Results
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showed that all four subjects reduced their frequency of
di sfluencies from the habitual to bot h experi nent a
conditions. The reduction in disfluencies were acconpanied
by significant reductions influent reading rate and increase

in both vowel and pause duration.

Lyke (1974) has suggested sone categories of
stutterers may involve tenporal in coordination of activity
in one or nore of these neurol ogical systens. He has further
added "stuttering of laryngeal origin my be a form of
phonatory aloxia arising either because of di sordered
voluntary pre-phonatory tuning of the vocal fold nuscul ature
from incoordinated reflex nodul ation of the activity of this

muscul ature during actual utterance.

Recent trend is to sinultaneously neasure t he
rel ated physiol ogical events which gets at the question of
coordi nation, specifically as suggested by Peekens et al.
(1979) that stuttering is a discoordination of different
systens of speech. Border, Bar and Kenneg (1985) listed this
by neasuring oral novenent with optical tracking systens,
| aryngeal novenent wth |aryngograph sinultaneously and
found that the vocal belt functioned as a coordi nated whol e,
even during stuttering and rejected the hypothesis that
stuttering resulted from a discoordination of different

syst ens.
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Continued interest in the acoustic features rel ated
to laryngeal function is reflected in recent studies that
have investigated nore discrete neasurenents of fundanenta
frequency in various speaking context. Flaek et al. (1985)
found that adults who stuttered exhibited neasurable cycle
to cycle tenporal changes prior to nonents of stuttering,
such changes were absent in the identical but fluent

utterances of sane speaker.

Heal ey (1984) and Healey and Gutain (1984) reported
that fundamental frequency discrimnation patterns in adult
stutterer producing vowels followng stop consonants were
not significantly different from the patterns of non-
stutterers. Sacco and Kretz (1989) however argued that the
data in the last and studies indicated that people who
stutter denonstrate greater f undanent al frequency
instability than non-stutterers. Ademid Reis (1971, 1974)
reported that stutterers stutter significantly less and get
adopted faster while reading a passage containing all voiced
sounds when conpared to a passage containing both voiced and
unvoi ced sounds. They maintained that fluency 1is dependent
on the correct timng and pronpt snooth initiation and

mai nt enance of airflow and glottal vibrations.

Manni ng and Confal (1978) found that both stutterers

and non-stutterers exhibit |ower percentage of disfluencies
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during voiceless to voiced, voiced to voi cel ess and

voi cel ess to voicel ess phonatory transitions.

Corresponding to the higher tension of nuscles
i nvol ved in speech producti on, a higher nean fundanenta
frequency should be expected in stutterers as conpared to
non-stutterers. They found a change in scores of nean
fundanental frequency fromreading to free conversation and
concluded that stutterers tend to have a higher fundanenta
frequency during spontaneous speech (Schafeeskupper and

Simon, 1983).

Fallk, Lawer and Yonowtz (1985) I nvesti gat ed
guantitative fundanental frequency neasures prior to nonents
of stuttering and related these neasures to the severity and
type of stuttering. A repeated readings adaptation procedure
was enpl oyed to acquire sanples of the stuttered and
identical fluent speech of stutters. Four tenporal periods
preceeding the stuttering block were conpared with the sane
periods in a fluently produced sanple of simlar speech. The
anal ysis revealed differences relative to nean fundanental
frequency. Variation around the nmean fundanental frequency
and the nunber of voiced data points contained wthin each
tenporal segnent. The results of this study confirm the
exi stence of acoustic changes in the vocal production of
stutterers prior to overt blocks. These changes relate to

the type of block that foll ows.
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There are nmany studies which have shown t hat
stutterer the injector to their non-stuttering peaces in
their ability to start and stop phonation (G lbert, 1974;
Agnel | o, Lingate and Wendel |, 1974) Adans and Hayden (1976),
St al kweat her, H rschmenn and Tannebaum 1976). Voice onset
tine is one of the paraneters anong the tenporal aspects of
speech. VOT has been defined as "the duration between the
rel ease of a conplete articulatory constriction or burst
transient and the onset of phonation” (Lisker and Abransom
1964, 1967). Stal kweather et al. (1976) has observed that
stutterers were slower in initiating vocalization. Hllnmen
and G lbert (1977) have reported that VOT values of
stutterer for intervocatic voiceless stop consonants in
fluent contextual speech were significantly, higher than
that of normals. VOT and VIT studies have shown that the
| aryngeal behaviour in stutterers are di fferent when
conpared to normals. Many studies have found | onger VOIs and
VIT studies have shown that the Ilaryngeal behaviour in
stutterers are different when conpared to normals. Mny
studi es have found longer VOIs in stutterer, even during

their fluent speech (Agnello and W ngate, 1972; Basu, 1974).

Adans and Hayden (1976) hypothesized that t he
stutterers had difficulty in initiating and termnating

phonati on independent of the acts of running speech. Ten
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young adult stutterers served as experinental group. They
were matched for age and sex which 10 normal speakers
subjects fromboth the groups were tested individually. The
experinental task required that the subjects start and stop
phonation as possi ble, upon hearing each nunber of 1000 Hz
puretone series appear and di sappear. Subjects vocalization
were permanently recorded wusing an optical oscillograph.
Stutterers perforned significantly poorer than normals both

in ternms of pronpt starting and stopping of voicing.

St al kweat her (1976) have neasured the latency of
vocal i zation onset for stutterers and non-stutterers. The
subj ects were asked to produce different syllables follow ng
a visual stinulus. Responses were filtered to renove
supraglottaly produced sounds and the tine between visua
stimulus and the onset of wvocalization was neasured by a
voi ce operated relay and a conputers internal clock. The
results have showed that stutterers are slower in initiating
vocal i zation across a wde variety of syllables. They have
further, concluded that "... either vocal dysfunction or the
| ack of cerebral dom nance nmay be responsible for these
di fferences". Agnell o, Wngate and Wendell (1974) have
reported that the VOT for stutterers are |longer than that of

non-stutterers in fluent speech.

Jauke (1994) neasured the duration of phonation

voice onset tinme and coefficients of vari ati on for
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stutterers and non-stutterers who were matched according
to age and social status while speaking the test words
| kakakas//tatatas/ and / papapas/ stress on mddle syllable
at two different speech rates. It was found that stutterers
produced, even during non-stuttering periods under repletive
articulation, an enhanced variation of voices onset time and
an increased vocability for the duration of phonat i on
associated with the production of the first syllable. There
was no different in VOI and vowel duration bet ween

stutterers and non-stutterers.

Denil and Brutten (1991) investigated the influence
of time pressure on the VOIs of 10 young stutterers and a
i ke nunmber of age and sex nmatched non-stutterers. The
children were instructed to read a series of single syllable
target words first at a self-selected pace and next as
qui ckly as possible (external tine pressure). |In addition
articulation conplexity of the target words were varied
systematically (linguistic tinme pressure). No statistically
significant differences were found between the nmean VOIs of
the stuttering and non-stuttering children VOIs of the
stuttering children were significantly nore variable than

those of the non-stutterers.

Mur phy and Boungart her nmeasur ed (1991) voi ce

initiation tinme (MT) in stuttering and non-stuttering
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children ranging in age from4 years 6 nonths to 6 years
10 nmont hs. The experinental task was the production of [al
in response to a 1000 Hz pure tone. No statistically
significant differences were found between the two groups
with respect to either VOT or VIT. No apparent relationships

were present anmong VIT, VIT or stuttering severity.

Conture, Zehroski and Cudahy (1985) conpared the
tenporal paraneters of speech production of young stutterers
and normally fluent peers as represented within the acoustic
waveform (eg. frication and aspiration duration) for word
initial /p/ and /b/. Measured acoustic variables consisted
of vowel consonant transition duration and rate, stop-gap,
frication and aspiration durations, VOI and consonant-vowel
transition duration and rate and vowel duration. Results
indicated no significant difference between young stutterers
and their normally fluent peers for any of the tenpora
measures for either /b/ or /p/. Fi ndings suggest that young
stutterers exhi bi t sone difficulties effecting t he
relatively snooth coordinated "conpensati ng" rel ations
bet ween | aryngeal and supral aryngeal behaviour which would
allow the system to remain wthin t he "time-limts"

necessary for optimally snooth, in fluent speech production.

Heal ey and Gulkin (1984) examned stutterers and

non-stutterers fluent VOT and Fg contour neasures from
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| argest syllables located at the beginning of a «carrier
phrase. Gscillographic and spectrographic anal ysi s of
subjects VOI and Fo at vowel s onset, average vowel Fo and
speed and range of Fo changes were obtained from fluent
production of 18 stop consonant vowel syllables. Results
showed that VOIs for voiced stop and the range of Fo change.
For voicel ess stops were associated with significant between

group differences.

It has been shown (Klich and May, 19S2) that tenpora
neasures made from sound spectrograns of the acoustic speech
signal can provide accurate objective evidence relative to
supraglotted and |aryngeal behaviour. For eg. certain
acoustic measurenents provide very close estimates of the
tinme taken by the supraglottal articulators to nove from one
speech sound to another (transition duration) or the time
period fromoral release of a consonant to the beginning of
the vocal fold vibration for the subsequent vowel (VOT).
These as well as simlar neasures can assist in discerning
simlarities and differences between the tenporal paraneter
of the fluent speech of young stutterers and those of non-
stutterers. Harrington (1985), Howell and Vauser (1985),
Howel I, WIllianms and Vause (1985), Kentoganey and Cooke
(1976) have reported missing or atypical formant transitions

in the fluent and disfluent speech of adults who stutterer.
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Howel | and Rause (1986) reported that 85% of spectrograns of
the fluent speech of adults who stutterers were judged as
| acking transition between the initial consonant and the
nmedi al vowel and 84. 4% of the dysfluent productions. Howell
et al. (1987) reported that the speech of adults who stutter
| acked normal formant transition between the consonant and

the follow ng vowel.

Harrington (1987) provided sonme possible explanation
for patterns of apparent abnornality observed in t he
transition of adults who stutterer. According to Harrington
the formants m ght -

1. bend in the direction of but not reach the
frequency val ues of the acoustic vowel target.

2. remain level in contrast to the clear transition
shown in the production of the target syllable.

3. point in the wong direction conpared wth the

formant transition in the target syllable.

Di sinoni (1974) studied the vowel duration of adult
stutterers. On the average it was 13l Msec |onger in
stutterers than non-stutterers. Stackwedher and Meyer (1979)

studi ed speech of adults.

Speech of transition was slower in the transitiona

subsegnments within an intervocatic interval but had norna



-29-

speech in the steady state subsegnent. They interpreted
that stutterers were not able to nove their Ilaryngeal and

supral aryngeal structures as quickly as non-stutterer.

Zi nmrer mann (1986) used high speech cineradi ography
to describe the tenporal organization of perceptually fluent
speech in stutterers and non-stutterers. Mpvenents of | ower
l[ip and jaw were analyzed in these CVC syllables. It was
reported that the stutterers consistently showed:

1. longer transition tinmes for downward novenents of

the articul ators.

2. longer times between novenent onset and peak

velocity in the CV gesture.

3. longer steady state position of the Iip and jaw

during the vowel portion of the syllable.

These indicate that stutterers were slower than

normals in coarticulatory novenents.

Results of Healey's (1981) study indicated that the
adult stutterers were slower in conpleting the transition
fromfrication onset to peak anplitude during the production
of the first phonene. Suchita (1985) conducted a study to
find the acostic paraneters vot,sit,stt,fOand rate of speech
in stutterers in pre and post therapy condition and found
t hat
1. non stutterers values are smaller conpared toper and

post therapy vot values of stutterers.
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2.speech initiation tinme less than that of stutterer in pre
and post therapy condition

3.stutterer post therapy vot value smaller than pre therapy
val ue

4.reduced post therapy sit value of stutterer conpared to
pre therapy.

5.Both show no difference in fO

stutterers post therapy fO does not vary as conpared to pre

t her apy.

Zebrowski et al. (1985) studied children in the age
range of 3.1-6.8 years. They did not find any difference in
the stop gap duration/frication duration vowel direction and
the rating CV and VC transitions. However they specul ated
that unlike normals, stutterers do not show any systematic
relationship between t he peak glottal openi ng and
articulatory release. This was based on the stop gap
duration date. They interpreted that stutterers show |ess
control and stabilization of Iaryngeal and supralaryngeal

tenporal coordination

Healey and Romg (1986) noticed t hat greater
differences existed between stutterers and non-stutterers
fluent durational neasures extracted from already sanple
then froma short, isolated nonsense phrase and durationa

nmeasure for the stutterers remained relatively stable during
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multiple repetitions of both the short phrase and the

readi ng phrase.

Pi ndzoia (1985) nentioned that the stutterers spend
longer tinme in static articulatory positions. Vowel duration
was reported to be same in both normals and stutterers.
Stutterers had faster VC transition but equivalent CV,
transition. Total word duration also remained sane in both

t he groups.

| nvari ance of total duration of word and difficulty
with initiating novenents as seen in |engthened steady
states must be recovered. It was speculated that if tenpora
conpensation was the effect which operates to nodify the
duration of internal segnents of the articulatory units, so
that the overall duration of the wunit remains relatively
constant, then the brains, articulatory progranmes in
stutterers was forced by these tenporal constraints to nove
faster throughout the transitional subsequent. However they
opine that it should be confirned whether stutterers limted
their nmovenment to conform with tenporal constraints or
whet her they 'speed up' their novenents to acconplish the

sane extent.

Sl ow vocal reactions are reported in adult stutterers

in several studies (Adans and Haydeh, 1976), Stack Wather
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et al. (1976), Yarurs and Conture (1993) exam ned the second
For ment (F2) transitions duri ng t he sound/ syl | abl e
repetition of young children like stutter. Acoustic analysis
showed differences in F, transition between the repeated

(stuttered) and fluent portions of the words.

Stronsta (1986) reported that children who stutter
produce F, transitions during stuttering that are non-
meassurable or mssing or that differ in direction of

movenent from fluent transitions.

Robb and M chael Blongren (1997) did analysis of F;
transitions in the speech of stutterers and non-stutterers.
Li ngual coarticulation was acoustically examned in the
fluent speech of stutterers and non-stutterers. Coarticul a-
tion was evaluated by determining the slope of second
formant transitions follow ng consonant release. In general
stutterers were found to display larger slope coefficients
in conparison to non-stutterers. The large coefficient was
interpreted to reflect greater or quicker di nensi ona
changes in vocal tract behaviour conpared to those of non-

stutterers.

Jaricke (1997) studied variability and duration
of voice onset time and phonation in stutterers and non-

stuttering adults. Ei ghteen male stutterers and 16 nal e non-
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stutterers who were matched according to age and social
status were required to speak test words /kakakas/,/tatatas/
and / papapas/ with stress on the mddle syllable at two
di fferent speech rates. Duration of phonation, voice onset
time and coefficient of variation were conput ed and
anal yzed. It was shown that stutterers produced, even during
non-stuttering periods under repetitive articulation an
enhanced variation of voice onset time and an increased
variability for the duration of phonation associated wth
the production of first syl | abl e. Fur t her nor e, this
experinment did not confirmthe often reported differences in
VOT and vowel duration between stutterers and non-stutterers

and conpar ed.

Sebastien (1997) studied the acoustic paraneter
in stutterers and non-stutterers and cane to the follow ng
concl usi on.

1. The VOT values were less for the non-stutterers
conpared to stutterers.

2. No significant difference between the stutterers
and non-stutterers in terns of f er ment
frequenci es was found.

3. Significant differences were f ound bet ween
stutterers and non-stutterers in word duration

and vowel duration.
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Then she cane to the conclusion that the |aryngeal

ani sns during speech in different for stutterers to that

on-stutterers.

Thus the review of literature I ndi cate t hat
tering may be due to faulty functioning of |[|aryngeal
anismwhich mght reflect by acoustic analysis of speech
tutterers. Hence it is proposed to find the acoustic
leter for the non-stuttering group and fluent as well
sfluent utterances of stuttering group to note the
rences between themand later to find the probable

ionship of those acoustic par anet er and speech

ligibility.
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METHODCOLOGY

The study was carried out with the aimof conparing
the speech of the stutterers with that of the normals and to
note the effect of the correction of stutterering that is
elimnating repetition and pr ol ongati on by conput er
mani pul ati on of changi ng some paraneters on the perception
of speech of the stutterers and vice versa, i.e. introducing
the repetitions and prolongations in the normal speech
Vowel s have been found to play an inportant role in the
intelligibility speech hence, this study has Considered
repetitions and prolongations of vowels only. Further due
to tine constraints the study was limted to these aspects
in speech of the stutterers.

|. Paraneters studi ed

The follow ng paraneters have been studied -
Acoustic paraneters

1. Fundanental frequency of speech

2. Formant frequencies (F;, F, and F3) of the vowels

lal, lil, lul, lol, el

3. Duration of the vowels /a/, /il, lul, lol, [el

4. Wrd duration

5. Transition duration

6. Voice onset tine
Psychoacoustic paraneters

1. Speech clarity rating

2. identification of fluency
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The followng parameters were corrected in the
speech of the stutterers and introduced into the speech of

nor mal s.

1. Vowel duration taking repetition and prol ongation

into consideration.

2. Wrd duration again taking repetition and

prol ongation into consideration.

1. Subjects

Two groups of five subjects each were selected for
the study. Goup | consisted of stutterers and group
Il consisted of normals,all aged between 17-25 years of age

(nrean age of group I = 20 years)

Goup | consisted of stutterers, five Kannada
speaki ng mal es selected from those who had been di agnosed
by certified speech and | anguage pathologists at the Al
India Institute of Speech and Hearing. The severity of
stutterering varied frommld to severe. They all satisfied

the follow ng conditions.

1. Had mld to severe stuttering as diagnosed by

speech and | anguage pathol ogists at All SH.
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2. Had no other problens except for stuttering.
3. Had Kannada as their nother tongue.

Goup Il consisted of normals aging 17-25 years from
the AIl India Institute of Speech and Hearing matching wth

the adults in group | in terns of age.
Materi al s

Two Kannada passages voi ced (passage A) and conbi ned
(passage B) were wused. Both were neaningful and non-
enoti onal ,the conbined passage had voiceless and voiced
consonants and vowel s.and voiced passage had only voiced
consonants and vowels. The nunber of syllables in each of
t he passages of A and B were 124 and 139 respectively. These
passages are used regularly in clinics for the recording of

speech of stutterers.
Procedure- PART-1 Anal ysis of speech

The subjects were seated confortably in t he
recording roomwhich is sound treated at the Department of
Speech Sciences, AlISH Msore and nade to read both the
passages A and B. These were recorded on cassette tape using
the tape recorder (Sony deck TC FX 170) in the sound treated

room
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ACQUSTI C ANALYSI S

| nstrunent s

1. Analyzing filter (low pass filter having cut of f

frequency set at 7.5hz)with speech interfacing unit.

2. A-DDA converter (12bit)

3. Personal conmputer with intel (Pentium 200 MHz processor)

4. Software for analysis and of speech (developed by voice

speech system Bangal ore)

o1

Anplifier and speaker(2011.8015 anpli speaker)

Anal ysi s of data

Sel ected speech sanples were used for the purpose of
analysis h. The recorded passages were digitized at a
sanpling rate frequency of 16000hz and the block duration
and resolution were 500nsec and 10nmsec respectively using

A D converter and a Pentium processor

The paraneters Measured were vowel duration,word
dur ati on, voi ce onset time,transition dur ati on, f or mant

frequency.

These paraneters were neasured from the stutterer
words of the sanple of stutterers and the same words also in

nor mal sanpl es.
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VWrd duration

The tinme between initiation and termnation of a
word was neasured directly fromthe speech waveform The
wavef orm was di splayed on the conputer nonitor wusing the
DI SPLAY programme of SSL. The words were identified based

upon the continuity of the waveform

The word duration was considered to extend from the
begi nning of the periodic signal to the end of the periodic
signal. This duration was highlighted through the use of
cursors. The highlighted portion was played back through
headphones or speakers to confirmthat it contained the word
under study . once this was confirned, the duration of the
hi ghlighted portion was read from the display and consi dered

as the duration of that particular word.

Vowel duration

The vowel duration was neasured directly from the
speech waveform and spectrogram The waveform and spectrogram
were displayed on the conputer nonitor wusing the SPGM
programme of SSL. The vowels were identified based on the
regularity of the waveform and vertical striations and
formants. The vowel duration was considered to extend from
the end of one periodic portion to the beginning of the next
periodic portion. This duration was highlighted wusing the

cursors. The highlighted portion was played back through
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headphones to confirmthat it contained the vowel under
st udy. Once this was confirmed the duration of t he

hi ghl i ghted portion was read from the display.

Extraction of formant frequencies

To extract the vowel formant frequencies(FIl F2 F3)
t he spectrogram of each utterance using the SPGM progranme
of the software speech science |ab was obtained. After
identifying the target vowel the cursor was placed in the
m ddl e portion of the vowel so as to avoid the formant
transitions and the formant frequencies were determned by
using the sectioning nethod through the wuse of |Iinear
predictive codi ng( I pc) this was done with 181pc
coefficients. The frequencies at the peaks representing the
formants were noted using the cursor which gave the values

of Fl,F2,F3 respectively.

Transition duration

Time between the onset of transition of fl/f2 aid
the termnation of the transition of vowel / consonant.

This was al so neasured using the spgm programe with
the display of the spectrogaph fromwhich the values were

not ed down.

Voi ce onset tinme

VOT was defined as the tinme equivalent space from

the onset of the stop release burst fromthe first vertica
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Time between the onset of transition of fl/f2 aid
the termnation of the transition of vowel / consonant.

This was al so neasured using the spgm progranme wth
the display of the spectrogaph fromwhich the values were

noted down.
Voi ce onset tinme

VOT was defined as the tinme equivalent space from

the onset of the stop release burst fromthe first vertica
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striation representing glottal pulsing(Li bermann. etall 952)
VOT was neasured for the 6 stop consonants in the target
word fromthe spectrogram The cursor was noved to the
first indication of energy associated with the stop ora
rel ease and then cursor was noved to the beginning of the
regul arly appearing waveform of the vowel following the
stop. The real time value between these two markings

provided the VOT for particular consonant.

Determining the fO

For neasurenment of fO the INTON off-1line pr ogr anme
in the voice diagnosis nodule of the software vaghm was
used. The utterance was first analyzed and then displayed to
obtain the fO contour then the speech statistics were
di splayed to obtain the nean fO Thus the word duration of
stutterer words, (doda, bonbai) vowel duration of vowels(/a/,
[il,lul, /ol,lel)and f or mant frequenci es 1,2,3 t he
vowel s(/al,lil, lol,lel,lu/l)VvOT of(/bl,/dl,lgl,Ipl, Ikl ,It])
consonants and fundanmental frequencies were neasured for
each subject. Thus a total of 7 data prints for group
(stutterers)and 7 data prints for group2 (normals)were
obtai ned after analyzing the speech sanple of subjects of

both the groups.
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Statistical analysis

Descriptive statistics consisting of nean, standard
devi ations, mninum and nmaxi mum val ues were obtained for all
the paraneters analyzed. To check whether there were any
significant differences between the values of the nornals
and stutterers, the WIcoxon signed Ranks test was applied,
all these were carried wusing the statistical software
package ' SPSS .

PART - 2 Correction of errors

The follow ng paranmeters were corrected:

1. Vowel duration (pertaining to repetitions and

prol ongati ons)

2. Wrd duration (pertaining to repetitions and

pr ol ongati ons)

Correction procedures

1. Correction of vowel duration: Vowel duration of
the words in the utterances of stutterers were nodified (by
deleting repetitions, prolongation of the consonants and
vowel respectively. To match those of +the age and sex
mat ched nornmals the corrections were done only in the stable
portion of the waveform so as to preserve the transitions,
intact These corrections were done by cutting the required
duration fromthe vowel waveform using the edit of' D SPLAY'

programe of the SSL. The duration required to be reduced
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was highlighted and then deleted from the word.thus reducing
the prolongation of vowels to nornmals.The repetitions were
renmoved using the same procedure. Then the word duration were
nmeasured and corrected to match the word duration of subject

of the normal group as shown in the figure of the waveform

Simlarly the normal speech was added/nodified wth
sone nunber of repetitions.The initial consonant portion was
copied by highlighting that portion and then by pasting the
copi ed consonant portion of the word repeated 3 or 4 tines
as required as that it would sound Ilike repetition as in
case of stutterers. Then by adding (pasting) the mddle
portion of the vowel which was copied earlier till the vowel
duration was enough to sound |ike prolongation and simlar
to vowel duration as in case of stutterers. and prolongation
(vowel duration) as seen in the stutterers to match with the

speech of the stutterers.

2. Correction of word duration: Pertaining to
prol ongations and repetitions the speech of the stutterers
Were nodified in terms of the word duration matching wth
the normals and the normal speech was nodified to equal the
word duration as in case of the stutterers.thus a total of
approx 7-8 words which were stutterer in each passage \were

corrected.



- 46-

1. Re-recording the speech sanples

The wunaltered and altered speech sanples wer e
transferred from conputer to a cassette tape in a random
order there were 10 passages which contained wunaltered

utterances and altered utterances.
Measures of speech intelligibility

Five listeners, all post-graduate students in speech
and hearing, native speakers of Kannada, and experienced in
analyzing the speech of stutterers were asked to listen to
the speech sanples and to wite down the clarity of the
speech on 5-point scale and to identify if it is a normal or
stutterered word These were carried out in a sound treated
room wusing a Sony tape recorder and each listener was
delivered the speech sanples through a headphone at
confortabl e | oudness |evel.whenever necessary clarification

were provided by the experinenter.

perceptual analysis
a. Carity rating
b. Identification of normals vs. stutterers.

I nstruction to judges

The judges were asked to rate the wutterances on a

5-point rating scale (1 good to 5 poor). The ratings nade by
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majority of the judges that is three or nore judges was
considered to be the clarity rating of that particular word.
Descriptive statistics was obtained for both altered and
unal tered sentences. The W Icoxon signed ranks test was
performed to check whether there was any significant
di fference between unaltered and each type of altered sets.

the judgenents were found to be highly reliable.

b. Judges were asked to identify the speech as
fluent or non fluent(normals or stutterers)after altering
the normal speech to stuttering like and stuttering to

normal speech. The results have been discussed.



-48-

RESULTS AND DI SCUSSI ON

This study was planned to conmpare certain paraneters
of speech of the stutterers wth that of the nornal
speakers, to determ ne the differences between the tw and
also to determne the effects of conputer correction of some
of these parameters to find out their effect on the
intelligibility and clarity of the speech of stutterers and

effect of nodification of these paraneters on normal speech.

Speech samples of both the normals and stutterers
were anal yzed to obtain various paraneters. These were.vowel
duration,wrd duration formant frequencies and fundanenta

frequenci es.

Vowel duration

The duration of all the vowels a,i,ue o0 were
nmeasured for both the groups. This was done by neasuring the
vowel in the word that was stuttered and the same vowel in
the word was noted in case of normals. he results are
tabulated in table 1, table 2 respectively. A study of these
Graphs show that nean vowel duration of stutterers were nuch
hi gher than in normals. Wile these ranged from 28.06-56.60
for normal s,the range for stutterers was 58.20-2325. The nean

and S. D deviation of /a/ was 44.37,10.41 for normals and



Vowel duration-nornals

Vowel duration-stutterers

Range Mean SD Range Mean SD
/al 28.06-56.60 44, 37 10. 41 26. 20- 375 161. 24 132. 85
/il 37.60-46.50 42. 36 3.61 35. 60- 968 438. 12 389. 47
/ul 54.20-58. 30 56. 90 1. 66 58. 20- 2325 620. 24 961. 89
/ol 29.50-42.40 35. 64 5.71 24. 80- 203 128. 76 73. 40
/ el 50.20-58.32 55. 54 3.58 53. 20- 1812 645. 78 789. 93
Table 1: Table showi ng vowel duration for normals and stutterers

| ndi cates statistically significant

p < 0.05 |evel.

Difference in values between the two groups

at
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Wrd duration-normals Wrd duration-stutterers

Range Mean D Range Mean

SD

sig

208-304. 60 256. 88 34.502 375-3000 1262. 50

1027. 36

Tabl e 2; Table showing word duration for normals and stutterers

Indicates statistically significant difference in values between tne two groups at

p <0.05 Ievel
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161. 24,132.85 for stg,/i/ was 42.36,3.61 for normals and
438.12,389.47 for stg /u/ was 56.90,1.66 for normals and
620.24,961.89 for stg,/o/ was 35.64,5.71 for normals and
128.76,73.40 for stg,/el was55.54,3.58 for normals and 645.8
789.93 for stg.

The W/ coxon sighed rank test was done to determ ne
if the differences between the 2 groups. The results of the
test indicates a statistically significant difference for
all sanples with vowel duration of stutterers being 2-3
times greater than normals. Stutterers also showed inter-
speaker variability due to severity of stuttering and

stuttered word consi dered.

These results were simlar to several reports which
had tried to map the difference between the two groups.

(Sebastian 1996; Alck, Law er, Yonowtz, 1985)

Simlarly word duration was also found by measuring
the word that was stuttered in stutterers and the same in
normal s, which was found to be higher in stutterer than
normal s which can be attributed to blocks like repititions
prol ongation pauses etc. The nean , S.D., Range of the
normal s were found to be 256.88, 34,50, 208-304.60 and the
same for stg were 1262.50, 1027. 36, 375- 3000. Sebasti an(97) has

reported simlar results.
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Fundanental frequency

The exam nation of table 2 showed that stutterers
differed significantly from normal group in terns of
fundanental frequency. Normal subjects showed a nmean
fundanmental frequency of 116,for i 123,u 127,stutterers
showed nean fundanental frequency for a 218,i 223,u 221. the
nmnean S. D range of the normals has been found to be
124. 60, 3. 84, 120-1 40,for stg 223.8,19.75,215-292. Accordi ng
to Schaferskapper and Sinon(1983) corresponding to the
hi gher tension of nuscles involved in speech production, a
hi gher nmean fundanental frequency should be expected in
stutters as conpared to nornmals,the findings of present

study agree with this.

Formants frequencies

These are presented in tables and graph. The
exam nation of the results show that the formant frequencies
differ fromstutterers and non stutteres. It has been found
that stutterers had a slightly higher value for F,F2,F3
than the non stutteres in sone instances, Though overlap is
al so seen. This supports the study by klich and may(1982)
who has found differsnces in formant frequencies between
stutterers and non stutterers who produced fluent vowels in
an (hvd) content.The nean,S. D and range for(Fl) the vowel

/al in normals were 686.22,99.76,510-750.30 and for stg were



Fundanent a

freguency-nornal s

Fundanent al

freguency-stutterers

Range

Mean

D)

Range

Mean

SD Sig
1 101-122 116.6 8.76 180- 252 218.3 31.5 *
2 120- 130 123. 4 4.21 200- 247 223.8 19.75 ¥
3 120- 140 127 8.42 180- 250 211.8 33.42 -
*
4 120- 130 124. 60 3.84 200- 240 218.2 15. 56
5 120- 133 126. 80 4. 86 215- 292 233.6 33. 26 *
TABLE 4; Tabl e showi ng Mean, Range, SD of fundamental freguency.

I ndicates statistically significant difference in values between the two groups at p<0.05 [|evel
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Formant frequenci es-nornals Formant frequencies-stutterers

Range Mean D Range Mean 5D sig
F1 for/al 510- 750. 30 686. 22 99.76 232-674.5 456. 30 190. 73 *
F2 for/al 1033. 3- 1499 1139. 70 55.94 1176. 5- 2282 1170. 70 258. 58 *
F3 for/al 2432. 3- 2542 2461. 57 45.51 2180. 5- 2877 2539.10 307.93 *
F1 for/i/ 259.5-371 283.59 48. 93 223-963 572.72 320. 16 *
F2 for/il 2083. 8-2223.5 2128. 29 55.94 1857- 2549 2218.12 258. 58 *
F3 for/il 2710. 4- 2852 2783. 43 52.39 2830- 3786 3239.72 424. 24 *
F1 for/u/ 345-360. 2 353. 45 6. 048 294-583 415.52 121. 97 *
F2 for/ul 932. 70- 967. 40 948. 52 13.178 821- 2900 1597. 40 856. 195 *
F3 for/u/ 1942. 6-2154. 8 2031. 23 110. 77 2345. 23- 4243 3093. 84 800. 233
F1 for/o/ 459. 15-483. 5 476. 128 10. 063 298- 743 525. 20 189. 90 *
F2 for/ol 937.5-958.5 951. 12 8. 2337 862. 70- 2686 1761. 74 681. 65 *
F3 for/ol/ 1650. 3-1823. 5 1722. 16 75.79 1427.5- 3686 2933.10 900. 44 *
F1 for/el 437-534.2 465. 74 38. 87 208- 492 358. 58 113. 20 *
F2 forlel 1596. 3-2021. 3 1806. 7 166. 99 1138- 2402 1873. 68 478. 97 *
F3 for/el 2456.6-2723.2 2568. 44 96. 74 2244- 3795 2951.4 710. 36 *
TABLE 3; Table showi ng Mean, Range, SD of formant frequencies

I ndi cates statistically significant

di fference values between the two groups at p <0.05 |evel
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456. 30, 190. 73, 232-674.5, The (F2) were 1139.70,55.94 for
normal s and 1170. 70, 258.58. for the stg group. The(Fl)for /ol
were 476.12,10.06for the normal and 525. 20, 189, 90for the stg
(F2)were 951.12,8.22 for normals andl 761. 74, 681. 65 for stg.
[ly for (F2, F3)results for other instances were found to be

t he sane.

Transition duration

The study shows that the transition duration varies
in stutterers and non stutterers as it is higher in the
stutterers. The nean S. D for the normals were 34.21,5.95 and
94.84,4.08 for the stg for /a/(Fl).and41.95, 10.07(F2) for
normals and 121.64,5.59 for stg. For /e/in normals it was
37.2,5.05(F )and 160.06,30.90 for stg group.lly for F2 in
all other vowels simlar patterns were seen. This has been
found support from many studies Starkweather and Myers(1979)
have found stutterers to have longer transition tines of
inter vocalic i ntervals, systematic di fferences in

transition tinmes and articulatory displacenent.

Voi ce onset time

This has also been found to be longer in stutterers
than the non stutterers. The nmean, SD for the normals  has
been found to be -103.98,2.42(/b)and 83.3,4.14 in stg,/p/
was 96.2,2.23 in normals and 11.89,3.70 in the stg. Ily the

sane was found for all other consonants Evidence accunul ated



Transition duration-normals Transition duration-stut terers

Range Mean SD Range Mean SD sig
H for/fal 21.2-41.2 34.21 5.95 90. 2-101.2 94. 84 4.08 *
F2 for/a/ 30.6-50.8 41.95 10. 07 112.2-127.8 121. 64 5.59 :
F1 for/i/ 44.6-54.3 47.5 4. 009 90. 3-97.2 94.02 2.56 ¥
F2 for/i/ 50.2-58.4 54. 57 4.05 117.4-122.2 120. 16 1. 73 *
F1 for/ul 21.2-43.2 29.03 8. 55 20. 8-133. 4 80. 84 41. 98 *
F2 for/u/ 23-32 27. 23 3. 74 24.6-103.5 78.8 31.1 *
F1 for/o/ 20.2-25.8 23. 07 2.62 52.2-61.4 56.5 3. 67 *
F2 for/o/ 25.3-43 35.7 6.99 56- 69 63.3 4.75 *
F1 for/el 28.2-40.2 37.2 5.05 110-190. 4 160. 06 30. 90 ¥
F2 for/el 25.4-34.4 30. 85 3. 46 113.4-170 126. 4 24. 37 *
TABLE 5; Tabie s/icwing transition duration (mean, range”SD)

Indicates statistically significant difference in values between the ttvo groups at p<0.05 |evel.
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VOT- nor nal s

VOT-stutterers

Range Mean SD Range Mean SD sig
Vot / b/ -107.2-101. 2 -103. 98 2.42 -90. 23-80. 4 -83.3 4.14 *
Vot / d/ -25.2-123.2 -123.9 1.79 -94.3-88.4 -91.05 2.30 *
Vot / g/ -93.2-87.4 -90.1 2. 86 -87.2-3.7 -85. 7 1.48 *
Vot / p/ 93.3-99. 3 96. 2 2.23 7.74-16. 14 11. 89 3.70 '
Vot / t/ 20. 3-81. 2 44. 6 2.36 15. 04- 18. 05 15.75 1.29 *
Vot / k/ 64. 2-67. 2 65. 2 1.32 23.24-26.76 25. 33 1.29 *

TABLE 6; Tabl e showi ng Mean, Range, SD of VOT

Indicates statistically significant differences between val ues

at p<0.05 level.
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in recent years has indicated that stutterers had been found
to have longer voice onset time values (HIllman and gil bert
1977) (Henley and CGutkin 1984) (Halm 1942, Conture 1983)

t han nor nal s.

The results showed greater variation in stutterers
in terms of all acoustic paraneter when conpared to the non-
stutteres. Al the values of the acoustic paranmeters have
been found to be higher in the stutterers. This can be
attributed to increased tension, arrest of articulatory
postures, repetition and articulatory novenent in stutterers
further leading to the large variation.

In order to verify the hypothesis that there will be
no difference between the stutterers and normals on the
follow ng paranmeters. The results presented in tables were
examned. It was found that,the null hypothesis stating that

1. There wll be no di fference bet ween t he
stutterers and normals in terns of vowel duration has been
rej ected.

2. There will be no difference between the stutterers
and nonstutterers in ternms of word duration has been
rej ected.

3. There wll be no di fference bet ween t he
stutterers and non-stutterers in terns of transition
duration has been rejected

4. There will be no di fference bet ween t he
stutterers and nonstutterers I on terns of f or mant

frequenci es has been rejected.
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5. There wll be no di fference bet ween t he
stutterers and nonstutterers in terns of fundanent a
frequency has been rejected.

6. There will be no difference between stutterers
and nonstutterers in terns of voice onset tinme has been

rej ect ed.
Part-2 Correction of the parameters

The acoustic paraneters |ike vowel duration and word
duration were corrected after deleting from the speech of
stutterers and by adding to the speech of nor mal s(t he
repetitions and prolongations present in the stutterers
speech)and the clarity was rated by the judges. It was found
that the judges rated it as intelligible. Later t he
paraneters that were seen like repetitions and prolongation
in stutterers were added to the non stutterers speech and
this was pr esent ed to t he j udges to I dentify

correctly/di agnose/ give their inpression of the speech.

The corrected stutterers speech and corrected nornal
speech were presented to the judges individually one after
the other and to give their inpression. It was found that
they identified the corrected stutterers speech as nornal
and the corrected normal speech as stutterers with all the
sanpl es presented to them Thus the results lead to inference
that there is a relationship bet ween t he acoustic

paranmeters and intelligibility.



Nor mal s-stutterers

Stutterers-Nornals

1 Identified
2 I dentified
3 I dentified
4 ldentified

5 Identified

as- stutterers

as-stutterers

as-s,utterers

as-stutterers

as-stutterers

100%

100%

100%

90%

95%

Identified as- nornals 100%
Identified as- normals 95%
Identified as-normals 90%%
Identified as- normals 100%
Identified as-normals 100%

TABLE 7; Table

showi ng the identification scores of synthesized speech
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Subj ect Clarity rating

1 4.2
2 4.5
3 4.8
4 50
5 4.9

Table 8; Table showing clarity rating of the synthesized speech On a 5 pt scale.
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SUMVARY AND CONCLUSI ON

The present investigation was carried out to study
and conpare the acoustic paraneters of speech in stutterers
with that of nornmal speakers.The second part of the study
was to correct paraneters of speech of stutterers to
approxi mted normal speech and to add those paraneters
(repetitions and prolongation) in the normal speech to
approxi mate stuttering.

Heal ey and Gut ki n(1984) observed t hat VOr
differences between the stutterers and non stutterers and
found that for voiceless stops the stutterers did not
significantly | onger t han non stuttering group.
Corresponding to the higher tension of nuscles involved in
speech production, a higher fundanental frequency was found

during spontaneous speech. (Schaferskupper and Si non(1983).

The study consisted of 5 stutterers and 5 normals
mat ched for age, sex, and | anguage background. Each subj ect
read the voiced passage and unvoi ced passage and this was
recorded on a doubl e channel, Sony deck tc fx 170.the sanples
were anal yzed using spectrograph to find out vowel duration,
word duration, FO, F1, F2, F3,transition duration and Voice

Onset Time using conputer progranmes.

W coxon matched pairs signed rank test was Used to

findout the significant difference between stutterers and
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non stutterers. Later the paraneters were corrected using

the SSL program

Concl usi ons

Stutterers differed significantly from the non

stutterers on the follow ng Acoustic paraneters.

1. Vowel duration

2. word duration

3. Transition duration

4.\oice onset tine

5. Fundanent al frequency

6. Formant frequency

The above findings indicates that the |aryngeal
mechani sm during speech is different for stutterers to that

of the non stutterers.

The correction of the paranmeters of normals to
stutterers and stutterers to nornmals was indicative of only
a mnor deviation of the stutterers speech from nornals as
the intelligibility of t he stutterers speech after
correction was like normals and normals were sounding |ike

stutterers when paraneters were added in the normal speech.
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Whi ch point to inplications in therapeutic intervention. That
is,the therapeutic intervention provided effectively can
help themto reach normalcy. The deviation of speech of the
stutterers thus being an accessible entity to the speech
pat hol ogi st.

RECOVMVENDATI ON FOR FUTURE STUDY
RECOVMENDATI ON FOR FUTURE STUDY

| . The experinment can be done using |arge sanples.
2.1t can be carried out in different |anguages.

3. Various age groups can be included in the study.

4.1t can be carried out to find how the acoustic

paraneters changes with the degree of stuttering.

5.1t can be studied across the vari ous sexes.
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APPENDI X - A
Subject -1 Satish no: 80767 Age - 25yrs Sex - nmale
Mot her tongue - Kannada other 1gs -

Onset of stutterering - gradual since chil dhood

P. D- Moderate stutterering

Subj ect - 2 Mahadevaswany no: 123197 Age - 21lyrs
Sex - male
Mot her tongue - Kannada other lgs -

Onset of stutterering - gradual since chil dhood

P. D - Severe stutterering

Subj ect - 3 Jayan Mhan no: 123211 Age - 23yrs
Mot her tongue - Kannada other lgs -
Onset of stutterering - gradual since chil dhood

P. D - Moderate stutterering

Subj ect - 4 Khatibur no: 123210 Age 18yrs Sex- male
Mot her tongue - Kannada other lgs -
Onset of stutterering - gradual since chil dhood

P. D Mbderately severe stutterering

Subj ect -5 Mall egowda no: 107441 Age 24yrs sex-nmale
Mot her tongue - Kannada other 1gs- English
Onset of stutterering - gradual chil dhood

P. DMId stutterering
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APPENDI X -B
Subj ect -1 Rajesh Age 24yrs sex mal e
Mot her tongue Kannada ot her 1gs Engli sh
Fam |y history -ve
studying in aiish
Subj ect - 2 Naveen Age 21yrs sex male
Mot her tongue Kannada ot her 1gs English
Famly history -ve
Studying in aiish
Subject - 3 Aith Age 22yrs sex mal e
Mot her tongue Kannada other 1gs English
Famly history -ve
Studying in aiish
Subject - 4 Vinay Age 21yrs sex mal e
Mot her tongue Kannada ot her 1gs English
Fam |y history -ve
Studying in aiish
Subject - 5 satish Age 20yrs sex mal e
Mot her tongue Kannada ot her 1gs Engli sh

Fam |y history -ve

Studying in AllSH





