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| NTRODUCTI1 ON

"Stuttering has been called a riddle. It is a
conplicated, nultidinmensioned jig saw puzzle with many pieces
still mssing. It is also a personal, social and scientific

problemw th many unknowns" (Van Ri per, 1982).

W ngate (1964) proposed a three part standard definition
of stuttering. The first part denotes, the core features of
stuttering which have universal applicability, the second and
third parts identify the accessory and the associated
features respectively. According to Wngate (1964) the term

stuttering neans:

1 (a) Disruption in the fluency of verbal expression, which
is (b) characterized by involuntary, audible or silent
repetition or prolongation in the utterance of short speech
el ements, nanely sounds, syllables and words of one syll able.
These disruptions (c) wusually occur frequently or are narked

in character and (d) are not readily controll able.

2) Sonetinmes the disruptions are (e) acconpani ed by accessory
activities involving the speech apparatus, related or
unrel ated body structures or sterotyped speech utterances.
These activities give the appearance of being speech related

struggl e.

3) Also, there are not infrequently (f) indication or reports

of the presence of an enotional state ranging froma genera



condition of excitnment or tension to nore specific enotions
of a negative nature such as fear, enbarassnment, irritation

or the like.

4) The inmediate source of stuttering is sonme incoordination
expressed in the peripheral speech mechanism The ultinmate

cause is presently unknown and may be conpl ex or conpound.

I nspite of extensive research on stuttering the etiol ogy
of this disorder is still an engima. The etiology of

stuttering is equivocal and several views pervail.

Oton (1927), Travis (1931) and Bryngelson (1935)
devel oped cerebral dom nance theory, according to which
stuttering 1is attributed to inability to achieve the
laterality which disturbs the synchronization of timng
patterns from both hem spheres to their nuscle groups. West
(1943) views stuttering as a mld or Jlatent form of
epileptiform disorder called pyknolepsy which could be
precipitated by various kinds of stress or a mld form of

sub-clinical cerebral palsy.

Szondi  (1932) and Seeman (1934, 1959) have called
stuttering a neurogenic disorder. This was based on the
neur ol ogi cal investigations which revealed signs of brain
pat hol ogy, evi dences of neuromuscular difficulties and
di sturbed functioning in the striopallidar system Also,

i ntbal ance in the functioning of the synpathetic and



parasynpat hetic systens has been reported. Eisenson (1958)
suggested that stuttering is a persevarative response simlar
to the perseverative notor behaviour of some brain injured
person. Rosenbeck (1985) has described stuttering secondary
to nervous system damage and referred to it as neurogenic

stuttering.

The mddle of 20th century saw the advent of nmany
psychogenic views on stuttering. Brill (1923), Coriat (1928
1943), Feni chel (1945), @ auber  (1955) have advanced
psychoanal ytic concepts to explain the devel opnent of
stuttering. The act of stuttering has been regarded as a
covert expression of hostile or aggressive inpulses that the
person fears to express openly. Johnson (1955) advanced
di agnosogeni ¢ theory according to which stuttering devel ops
due to the m sdiagnosis nade by the |isteners. He stated that
stuttering begins in parent's ears and not in the childs
nmout h. Shanmes and Sherrick (1963) have identified stuttering
as an operant behaviour and state that it is a learnt

behavi our which gets reinforced initially and persists.

Wil e Brutten and Shoemaker (1967) considered stuttering
as a disorder of conditioned disintegration and stated that
"stuttering in its integral aspect is a failure or disruption
of fluency resulting from enotional arousal that has becone
associated with speech and speech related stinmuli through a

process of classical conditioning". Bl oodstein (1969)



proposed anticipatory struggle hypothesis. According to this

view, stuttering is the resultant of

1) a suggestion in the form of some outside stimulus of
imm nent difficulty in speech,

2) an anticipation of failure,

3) a feeling of need to avoid it,

4) abnormal notor planning for the voluntary articul ati on of
t he speech activity.

5) the nastering of certain preparatory sets for this purpose
and

6) the production of tension and fragnentation which

interferes with the normal process of speech.

However, the postulations of psychogenic theories of
stuttering were not free of |acunae and hence |ost attention.
In 1951, Lee and Black cane out with interesting findings on
subjecting the stutterers and non-stutterers to different
delays (in duration) in auditory feedback conditions. This
was the evidence for the possibility of delayed auditory
f eedback nechanismin stutterers which leads to dysfluencies.

Wngate (1969, 1970, 1976, 1979 and 1984) has called
stuttering as a prosodic disorder. This was based on the
finding of significant relationship between stuttering and
linguistic stress. Brown (1937) presented the rank order for
incidence of stuttering of refined Ilist of grammtica
classes. This was the outcone of the studies by Brown

(1938b), Hejna (1955), Wngate (1979), and prosody was



identified as a mpjor factor leading to stuttering. Since
prosody has a physiological basis this research has yielded
evidence of irregularities in vocal control and |Iaryngeal

functions anong stutterers.

Freeman and Ushijim (1978) reported sone distinct
patterns of |laryngeal abnormalities in stutterers. Studies
based on voice onset tine (Hllman and Gl bert, 1977), Voice
and speech initiation time (Hayden, 1975), electromyography
of laryngeal nuscle, and endofibroscopic exam nation of
[arynx (Conture, et al 1977) also indicate |aryngeal

abnormalities in stutterers.

Peters and Boves (1987, 1988) denonstrated that in
perceptually fluent speech, stutterers use unusual patterns
of air pressure build up significantly nore often than non-
stutterers. They also reported that stutterers show a
di m ni shed capacity to coordinate respiratory novenents, wth
| aryngeal adjustnments and articulatory novenents during the

onset of phonati on.

Van Riper (1982) summuarized several sources of evidence
for enphasizing that timng disruptions in the programm ng of
novenment of speech nuscles leads to stuttering. Several
articulatory irregularities of stutterers have been reported
in the literature. Longer phonene durations (D Sinoni, 1974;
Mont gomery and Cooke, 1976; Healey and Adanms, 1981; Prosek
and Runyan, 1982; Healey and Ram g, 1986; Mtz et al., 1990)



and shorter phonene durations (Reimann, 1976) have been
reported. The results of some studies (Klich & My 1982;
Hol | and and Starkweather, 1982; Pindzola, 1987; Healey and
Ram g, 1986) have indicated no significant difference in
phonenme duration between stutterers and non-stutterers. The
velocities of articulators during stuttering has been found
to be relatively low by Healey et al (1976). Inaccurate
timng has been reported by Cooper & Allen (1977). Zi mrermann
(1980b), Klich and My (1982) concluded that stutterer's
articulatory novenents are spatially restricted with the
velocity and direction of novenent altered. Van Ri per (1982)
cited spectrographic and cineflurographic evidences to state
i nappropriate articulatory novements in stutterers. Janssen
et al (1983) interpreted that stutterers may have difficulty
in stabilizing the articulatory novenents. Shapiro (1980)
i ndi cated excessive articulatory novenents in stutterers and
GQuitar et al (1988) reported reverse nmnuscle novenents of
articulators. Mhan Murthy (1988) reported that dysfluencies
seen during stuttering I ndi cat ed sever al | ar yngeal

aerodynam c and articulatory abnormalities.

Based on these evidences stuttering has been called an
articulatory disorder. The articulatory behaviour in
stutterers and non-stutterers have been studied using
acousti c, ci nef | uoroscopi c, ci ner adi ogr aphi c and
el ectronyographic analysis. Although there is a vast body of

literature on the articulatory dynamcs in stutterers, the



studies deal wth an isolated paraneter and hence no

concl usi ve i nferences have been drawn.

In this context, the present study was planned. The aim
of this study was to acoustically analyze the articulatory
dynamics in four stutterers to obtain a wholistic and
concl usi ve observation of articulatory dynami cs in
stutterers. Also, the diagnostic and therapeutic inplications

on the basis of acoustic analysis are suggested.



REVI EW CF LI TERATURE

Stuttering is defined as a tenporal disruption of the
si mul t aneous and successive progranm ng of mnuscul ar novenents
required to produce a speech sound or its link to the next

sound (Van Riper, 1982).

The results of several observations indicate that
stuttering is associated with many articulatory abnormalities
and hence can be called an articulatory disorder. The review
of research on the articulatory dynamcs of stutterers is
organi zed as in Table-1: Vocal fold is also considered as an
articulator as in several studies where voicing is considered
as an articulatory feature and hence studies related to

| aryngeal dynam cs have al so been conpli ed.

| . ARTI CULATORY ERRORS
A. Tenporal Errors:
1. Longer Phonene Duration: Sever al i nvestigators have

reported | onger phonene durations in stutterers.

D Sinoni  (1974) studied timng relationships in the
speech of six stutterers with age ranging from 18 to 39
years. He found that the stutterers had significantly greater
absol ute vowel and consonant durations than the non-
stutterers studied. In addition, the stutterers showed
greater intraindividual variation in the duration of a given

consonant .



| ARI TI CULATI ONERRCRB. SPATI AL ERRCRS

A Tenporal errors
1. Longer phonene
duration:

-DiSimoni, 1974

Nont gomery &

Cooke, 1976

Healey Adams, 1981
Prosek & Runyan, 1982
Heal ey & Ramig, 1986
Kal veram & Jancke 1989
Revathi, 1989

Metz et al, 1990

2. Shorter phonene
deration:

Rei mann, 1976

3. No significant
differences:

Kich & May, 1982
Holland &

Starkweat her, 1982
Zebrowski et al, 1985
Beal ey & Ramg, 1986
Pindzola, 1987
Schaf er skupper and
Danes, 1987

4. Longer Duration

between articul atory 8.

events:
Adans et al, 1975
Healey et al, 1976

L

3.

5.

6.

Spatially restricted
moverent s:

Zi mmer mann, 1980a
Kich & My 1982

Inappropriate arti-
culatory placement:
Zi mer mann, 1980a
Van Riper, 1982
Mohan Mirthy 1988

Excessive articul atory
moverent s:

Shapiro, 1980

Static positioning
articul atory:

Zi mer nann, 19800
Pindzola, 1987
Forceful articulatlon
Vebster, 1974

Loner velocities of
articulators:
Adans et al , 1975
Bealey et al 1976
Zinnernann, 1980a

Reverse muscul ar
nmovenent :
Quitar et al, 1988

Dfficulty in stab-
ilizing the articu-
latory Movenents:

Janssen et al, 1983

1. LARYNGEAL GESTURES

1. Inappropriate gesture
Adans & Reis, 1971
Conture et al, 1977
Freeman & Ushijim, 1978
Conture et al, 1980
Conture et al, 1982a
Mower 4 Fairbank, 1991

|11 COORDI NATI ONBETVEENV COCRD NATI ON CF
ART QLLATQRY & PHNATQRY - AR QULATCRY LARYNGEAL

EVENTS:
1. Longer VOT:

Agnello & Wngate, 1972
\iéndel |, 1973

Agnel 1o et al, 1974
Hlilmn4 Glbert, 1977
Basu, 1979

Zi mrer mann, 1980a

Heal ey & Qutkin, 1984
Borden & Aronson, 1987
Metz et al, 1990

2. No significant
difference in VOT:
Brenner et al, 1972
Mtz et al, 1979
it son 4 Alfonso, 1982
Borden et al, 1985
Zebrowski et al, 1985
Revathi, 1989

& RESPI RATCRY EVENTS:

1. Mscoordination between

these system

Adans, 1974

Conture et al, 1985
Mohan Hurt hy, 1988
Peters & Boves, 1988

T. OOAR QULATCRY ERRORS
1. Abnormal formant transition

Stromsta, 1965

Adams 4 Reis, 1971
Agnello et al, 1974
Vebster, 1974

Mont goery 4 Cooke, 1976
Manning 4 Coufal, 1976
Starkweat her 4 Meyers, 1979
Zi mer mann,  1980a

Van Riper, 1982

Vells, 1983

Howel |, et al 1987
Mohan Mirthy, 1988
Revathi, 1989

2. Extent of formant transition

Heal ey, 1981
Suchitra, 1985

5. Inaccurate Timng

TABLE- 1: ARTI CULATORY ABNORVALI TI ES1 NSTUTTERERS

(v)8



Mont gonmery and Cooke (1976) studied the part wor d
repetitions in the speech of adul t stutterers. The
spectrographi c analysis reveal ed | onger consonant duration in
the initial segnent of stutterred word. Heal ey and Adans
(1981) conducted a study to explore the speech timng skills
of normally fluent and stuttering children and adults,
produci ng two sentences ten consecutive tinmes, at basal and
nodi fied speech rates. Spectrographic displays of subject's
utterances in both conditions were made in order to obtain
consonant, vowel, pause and utterance duration measures.
Results indicated that the two groups of children produced
speech durational values simlar to those of the two adult
groups. However, for the second sentence, the stutterers
exhi bited br eakdowns in coarticul atory sequences and
articulatory inprecision (place of articulation). The adult
stutterers were found to exhibit |onger consonant and vowel

durations conpared to normal speaking adults.

Prosek and Runyan (1982) spectrographically measured the
duration of stressed vowels extracted from short segnents of
connected speech. The stutterers spoke with nore pauses and
with |onger average pause and vowel durations than did non-
stutterers. Total duration of stressed vowels averaged to
170. 6nmsec for stutterers and 144.1 nsec for non-stutterers.
Heal ey and Ram g (1986) neasured the vowel, consonant and
phrase duration of the fluent utterances using spectrogaphic

anal ysis. The stutterers exhibited |onger phonene duration in
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the reading sanple than in the utterance of short isolated

non-sense phr ase.

Kal veram and Jancke (1989) neasured the vowel duration
of eighteen stutterers and eighteen non-stutterers under DAF
condition and reported |onger vowel durations in stutterers.
Revat hi (1989) studied the acoustic tenporal paranmeters in
the speech of two normally non-fluent and two stuttering
children. Spectrographic analysis was perfornmed to mneasure
vowel duration. The results indicated that stutterers had
significantly |onger vowel durations than normally nonfl uent

chi l dren.

Metz et al (1990) conpared the vowel durations of
adul ts. Post -treated stutterers and non-stutterers
spectrographic analysis revealed significantly |onger vowel
durations for stutterers. The average vowel duration for
stutterers was 223.52nmsec and for non stutterers it was

174. 42 nsec.

2) Shorter phoneme durations:

In contrast to the wearlier studies Reimann (1976)
reported shorter vowel duration in stutterers. He studied the
context dependance of vowel duration in German words. The
stutterers investigated had shorter vowels than the control
subjects. But they altered vowel duration in the sanme way the

control subjects did depending on what consonant foll owed.
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3) No significant differences:

Sone studies have reported that there is no significant
difference between the stutterers and the non-stutterers in
phonene durations. Kl ich and May (1982) studied the duration
of the vowels /i/, [/al and /u/ in seven adult stutterers.
They found that the durations of /i/, /[/al and /u/ did not

vary in different conditions.

Hol land and Starkweather (1982) exam ned sanples of
spont aneous speech from young children who stuttered and from
nonstuttering children matched very closely for age,
cl assroom pl acenent, school achi evenent, sex and
soci oeconom ¢ status. The pairs of speech sanples from
mat ched subjects were searached for words that could be
mat ched for syllable structures word length, stress pattern,
position in the sentence, grammatical function in the
sentence, and overall sentence |ength. Spectrograns of
mat ched words were nmade and the duration of the stressed and
unstressed vowels, overall word duration and the proportion
of the total word duration taken up by the vowel were
nmeasured. The average word duration was 50nsec |onger for
non-stutterers than for stutterers. Both the groups showed
around 40nsec of difference between stressed and unstressed
vowel duration. There was no significant difference between

the two groups in terns of vowel duration.

Zebrowski et al (1985) acoustically analyzed eleven

young stutterers and eleven normally fluent peers in the age
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range of 3.1 years to 6.8 years. The neasured acoustic
variables consisted of vowel consonant transition duration
(msec) and rate (Hz/nmsec), stop gap, frication and aspiration
duration, voice onset tine, consonant vowel transition
duration and rate and vowel duration. Results indicated no
significant differences between young stutterers and their

normally fluent peers for any of the tenporal measures.

Healey and Ramig (1986) conpared adult stutterers and
non-stutterers fluency during nultiple productions of two
dissimlar speech contexts. Spectrographic analysis, was
performed on subjects five consecutive fluent productions of
a sinple isolated phrase and nine phrases extracted from an
oral readi ng passage. Measures of fluent vowel, consonant and
t ot al phrase durations were claculated from the five
repetitions of each phrase. Results indicated that duration
nmeasures for the stutterers remmined relatively stable during
nmultiple repetition of both the short phrase and the reading

passage.

Pi ndzola (1987) conpared the speech of adult stutterers
and normals spectrographically. He reported that vowel
duration was sane in both normals and stutterers. Four
adult stutterers and four age matched controls were made to
read the Gernman version of the text containing 140 syll ables
and tape recorded. The data were then analyzed and the

results indicated that reading tine (defined as the tine
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needed to read the whole text) was about 1/3 |onger than that
of nonstutterers. But Articulation tine (defined as reading
time mnus the pauses between the phrases) was the sane in

bot h groups (Schaferskupper and Danes, 1987).

4) Longer durations between articulatory events:
The period of inactivity between two consecutive
articulatory gestures is represented in terns of duration

between articulatory events.

Adanms et al (1975) and Healey et al (1976) have reported
| onger durations between articulatory events in stutterers.
5) Inaccurate timng:

| naccurate timng has also been reported by Cooper and
Allen (1977). They investigated the speech timng control
accuracy of stutterers and non-stutterers during both speech
and non-speech activities. In general, they found that
stutterers tended to be less accurate in their timng
abilities than was the control group of non-stutterers during
all the experinmental tasks. The data al so showed a w de range
of timng abilities anong all the subjects wth sone
stutterers performance equal to those of certain non-
stutterers.
B. SPATI AL ERRCRS
1) Spatially restricted novenents:

It has been reported that the stutterer's articulatory
novenents are spatially restricted with the velocity and the

direction of novenent altered.
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Zi mermann (1980a) used high speed cineradiography to
describe the kinematics and spatial and tenporal organization
of perceptually fluent speech gestures for six stutterers and
seven normal speakers. Myvenments of the lower |ip and jaw
were analyzed in the CVCs /mam, /[pap/ and /bab/. The
statistical analysis revealed that in perceptually fluent
utterances, the organization of events necessary for speech
production differs between groups of stutterers and nornal

speakers.

Klich and May (1982) studied the formant frequencies and
rate of formant transitions of vowels /i/, [/x/ and /u/ in
seven adult stutterers. Based on the results they interpreted
that vowel production in stutterers are tenporally and

spatially restricted.

2) Inappropriate articulatory placenents:
Zi mermann (1980a), Van R per (1982) and Mhan Mirthy
(1988) have reported that the articulatory novenents in

stutterers are inappropriate.

Zi mermann  (1980a) cineradiographically studied the
perceptually fluent utterances of six stutterers and seven
normal speakers. Movenents of the lower lip and jaw were
analyzed in the CVCs /manmi, /pap/ and /bab/. The results
reveal ed asymmetry between lip and jaw novenents leading to

i nappropriate articulation.
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Van Riper (1982) defined stuttering as a tenpora
di sruption of the simultaneous and successive progranmm ng of
nmuscul ar novenents required to produce a speech sound or its
link to the next sound in a word. He cited several evidences
based on spectrographic and cinefluorographic analysis to
support this basic thesis and suggested that during
repetitions highly inappropriate articulatory postures may be
used. This inappropriate articulatory postures have been
reported in both voiced and unvoi ced sounds.

Mohan Murthy (1988) studied acoustic, aerodynam c and
| aryngeal correlates of stuttering in one adult stutterer.
Spectrographic anaysis indicated articulatory fixations
after which occurred inspiratory frication.

3) Excessive articulatory novenents:

Shapiro  (1980) reports  of excessive articulatory
novenents in stutterers. She nmeasured the EM5 during
stutterers dysfluent as well as fluent wutterances. The
nmuscl es included were orbicularis oris, superior |ongitudinal
and intrinsic laryngeal nuscles. Analysis of EMS data
suggested the foll ow ng:

a) Excessive nuscular activity during production of dysfl uent

as well as fluent utterance,

b) Inappropriate bursts of activity before and during periods
of acoustic silence, once again, for dysfluent as well as
for fluent utterances and

c) Lack of coordination of nuscles during blocks which

commonly function reciprocally.
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These findings, strongly suggest that stutterers while
speaki ng, experience many nonents of disruption of normal
coordi nati on. Depending on a nunber of factors, including its
nature, intensity, duration and timng of disruption, its
effect may or may not result in audible or perceptible
stuttering. In some cases a disruption occuring at the onset

of a word may sinply result in a slight delay in the
initiation of the word, a pause too brief to be identified
as a dysfluency. 1In other cases, the only result may be a
shift in fundanental frequency, a voicing break, fry

phonation or an abnormally |ong voice onset tine.

4) Static Positioning of Articul ators:

Zi mrerman (1980b) and Pindzola (1987) have found that in
stutterers articulators stay in static position during the
production of a phonene. Zi mrer mann (1980b) used hi gh speed
ci nefl uorographic technique to record articulatory novenents
during fluent and dysfluent speech from four stutterers and
control wutterances, from one normal speaker. The results
i ndicated the follow ng:

1) The inter-articulator positions occuring in both
perceptually fluent and dysfluent wutterances of stutterers

were unlike those in fluent utterance of a normal speaker.

2) The aberrant inter-articul ator positions  preceded

repetitive novenents, and static posturing.
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3) Consistent interarticulatory repositioning which precedes

termnation of an oscillatory novement or static position

often resulting in

a) The lowering of the jaw or lip and/or

b) tongue shapes which resenble shapes found in normal
speaker's fluent production or the resting tongue shapes

of stutterers.

Pindzola (1987) reported that the stutterers spend
longer time in static articulatory positions. In other words,
the duration of steady state formant was found to be |onger

in stutterers.

5) Forceful articulatory patterns:
\\ébst er (1974) suggest ed t hat stutterers use
articulatory patterns t hat are t 0o forceful and

coarticulatory nmovenents that are too rapid.

6) Lower velocities of articulators:

Adans, et al (1975), Healey et al (1976) and Zi nmernann
(1980a) have reported lower velocities of articulators in
stutterers. Zi mrer mann  (1980a) used hi gh  speed
ci neradi ography to describe the kinematics and spatial and
tenporal organi zation of perceptually fluent utterances of
six stutterers and seven normal speakers. The results
indicated | ower peak velocities of articulators in

stutterers.
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7) Reverse nuscl e novenents:

GQuitar et al (1988) found that stutterers reversed the
onset of nuscle activity. They examned lip nuscle activity
during the speech production of stutterers and fluent
speakers to provide information about the nature of
stuttering blocks. The action of Depressor Anguli Ois (DAO
and Depressor Labii Inferioris (DLI) were recorded using
hooked wire EM5 in three stutterers and three nonstutterers
during the producton of the word "peek", "puck" and "pack".
EMG records indicated that non-stutterers activated DAO prior
to DLI for the production of the initial /p/. Stutterers
frequently reversed this sequence of onset, particularly when
they stuttered. The onset reversals of DAO and DLI in
stutterers supports the view of stuttering as a disorder of
timng. In other words, the reversed onsets are disruptions
of the succession of DAO and DLI. The rel ease of the sound may
be delayed until the DAO activity is predom nant over DLI
activity and hence it depicts an error that leads to a del ay

in the production of the sound.

8) Difficulty in stablizing the articulatory novenents:
Janssen et al (1983) designed a study to investigate the
difference between stutterers and nornal speakers in
phonatory and articulatory timng during the initiation of
fluent utterances of nonosyllabic words. EMS recordings of
f our articulatory nuscles and recordings of gl ottal

vi brations were nmade during repetitive utterances of a series
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of nonosyllabic words by fifteen stutterers and seventeen
non-stutterers. These data were analyzed in terns of average
interval between voice onset and onset of EMs activity and
between onset of EM5 activity in each articulators and in
terms of the intrasubject wvariability of these durational
nmeasures. Results showed that there were no significant
di fferences between stutterers and non-stutterers in average
i nterval times and that stuterers in general wer e
significantly nore variable in their speech onset timng.
From these results, it was interpreted that stutterers may
have difficulty in stabilizing the articulatory novenents and
actions of the process of speaking resulting in fluctuations

in the speed of production of sounds and sound sequences.

|1 LARYNGEAL GESTURES

Sever al i nvestigators have reported i nappropriate
| ar yngeal gestures during the production of dysfluent
utterances by stutterers. Adans and Reis (1971) investigated
the difference in the frequency of dysfluencies of voiced and
unvoi ced phonenmes. Two-test paragraphs were fornulated each
consisting of a 3:1 ratio of continuant to stops as words
initiating sounds. One paragraph consisted of all voiced
sounds while the second paragraph contained both voiced and
unvoi ced phoneme, thus requiring four timngs as many on-off
voicing adjustnments. Results indicated that significantly
fewer nonments of dysfluency were noted on the first

par agr aph, containing voiced sounds and required no on-off
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glottal adjustnments than for the second paragraph requiring
mul tiple |aryngeal naneuver.

Conture et al (1977) made fibroscopic and
el ectronyographic investigations of larynx during stuttering.
They found highly variable |aryngeal behaviour and reported
that the larynx is often inappropriately and nonpredictably
opened or inappropriately closed and it oscillates between
adductory and abductory postures. Freeman and Ushijima
(1978) have studied EMS of intrinsic laryngeal nuscles of
four stutterers. Three significant findings energed fromthis
st udy:

a) Stuttered speech was acconpanied by higher |levels of
muscle activity than was speech which contained little or no
percei ved stuttering.

b) Disruption in the reciprocity in laryngeal adductor and
abductor nuscles was observed and it was speculated that
this leads to tenporary breakdown in the ongoing process of
speech production.

c) Evidence of abnormal nuscle activity during perceptually
fluent utterance was observed.

Conture, et al (1980) studied laryngeal heights during
stuttering using videofluoroscopy technique. The observations
indicated that many repetitons are characterized by a
descending or lowering of the larynx conpared to its height
during fluent productions of vowel. Laryngeal behavi our
during prolongation was much less variable and the vocal

folds were tightly abduct ed.
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Conture et al (1982) based on EMG study stated that
| aryngeal behaviour was nore variable during sound/syllable
repetition than sound prolongation. Their study also
indicated that |aryngeal behaviour not only differs between
stuttering and fluent production but also between different

types of stuttering as well.

Mowrer and Fairbank (1991) investigated a single case,
35 years old and with a history of neurogenic and psychogenic
di sorders. He displayed an unusual speech dysfl uency
consisting of within vowel interruption that often occurred
in the word final position of a phrase or clause. The vowel
in a CVC or CCVC nonosyllabic word was arrested by a glotta
stop followed by a reduplication of the previous vowel which
seens to release the final consonant. The authors concl uded
t hat excessive |aryngeal tension occurs during production of
stressed vowels. This tension results in various degrees of
intra-vowel laryngealization, the greatest of which was

realized as a glottal closure.

11 COORDI NATI ON BETWEEN ARTI CULATORY AND PHONATORY EVENTS

M s-coordination between articulatory and phonatory
events in stutterers have been reported by several
investigators. Voice onset tinme is a very useful neasurenent
and it indicates the <coordination of articulatory and
phonatory system Mst of the studies under this section are

based on voice onset tine.
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1) Longer voice onset tine:

Longer voice onset tine has been reported in both
perceptual |y dysfluent and fluent utterances of stutterers.
Agnello and Wngate (1972) conmpared the VOIs in nmatched
groups of twelve adult stutterers and twelve normals. They
nmeasured voice onset tines for CV utterances using pressure
sensor device and voice recorder. The stutterer's VOI was

found to be longer than that of nornals.

Wendel | (1973) used spectrographic analysis to neasure
VOTIs of CV utterances. He took matched groups of twelve child
stutterers and twelve normals and found stutterers voice

onset time to be |onger.

Agnell o et al (1974) enployed spectrographic analysis on
three adult stutterers and non-stutterers to neasure voice
onset time and voice termnation tinmes. He stated that
stutterers enployed significantly longer transition tinmes for
both voice onset tine and voice termnation tine than non-

stutterers.

Hllman and G| bert (1977) studied the voice onset tine
for voiceless stop consonants in the fluent recording of ten
stutterers and ten non-stutterers. The subjects were asked to
read "The Rainbow Passage". Intervocalic voiceless stop
consonant segnments were selected and displayed on w de band
spectrograns. Results of voice onset measurenents obtained

i ndi cated that
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a) The stutterers displayed |onger voice onset tine values
t han nonstutterers,

b) The voice onset tinme values increased in duration as place
of articulation noved back in the oral cavity with the
mean values of 38 nsecs, 46 nsecs and 54 nsecs for /p/,

[t/ and /k/ respectively.

Basu (1979) conpared the voice onset times of stutterers
for voiced and voiceless stop sounds of Kannada |anguage in
spont aneous reading, in syllables and in isolation with that
of non-stutterers. The results of the study reveal ed that the
stutterers showed a longer voice onset tinme for voicedand
voi cel ess stops both in reading and in isolation when
conpared to that of non-stutterers. There was a consistent
increase in voice onset tine with respect to the position of
articulatory constriction in case of nonstutterers. No
consistent variation in voice onset tine with respect to the
position of articulatory constriction was observed for
stutterers. However, there was a difference in voice onset

time for various stop sounds.

Zi mrermann  (1980a) described the spatial, kinematic
and tenporal neasures of perceptually fluent utterances of
six stutterers and seven non-stutterers. The high speed
ci neradi ography technique was used. Apart from spati al
irregularities voice onset tine of stutterers was found to be

| onger.
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Healey and Gutkin (1984) determined the fluent voice
onset time and fundanental frequency contour neasures from
target syllables located at the beginning of a carrier
phr ase. Gscill ographic and spectrographic analysis of
subjects voice onset tine and fundanental frequency at vowel
onset, vowel fundanental frequency, speed and range of
fundanental frequency changes were obtained. Results showed
that VOIs for voiced stops and the range of fundanental
frequency change for voiceless stops were associated wth
significant between group differences. Voi ce onset time in
stutterers for voiced and voicel ess stop was 28.88 nsecs and
115. 65nmsecs respectively. For non-stutterers voice onset time

was 18.10 nsecs and 95. 17nsecs respectively.

Borden and Aronson (1987) studied the coordination of
| aryngeal and supral aryngeal behaviour in six stutterers and
non-stutterers. Si mul t aneous recor di ngs of l'i p/jaw
di spl acenent, fast EGG and acoustic waveform was nade. The
anal ysis revealed trenors the lip/jaw displacenment and fast
EGG The authors have inferred that the nature of speech
timng and |aryngeal behaviour in stutterers was different

fromthat of controls.

Metz et al (1990) conpared the speech natural ness of
twenty post treatment stutterers and non-stutterers along
acoustic and psychophysical dinensions. The speech of the
non-stutterers was judged nore natural than the speech of

treated stutterers. The mean VOI for non-stutterers and
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treated stutterers was 44. 66 nsecs and 71. 18nsecs
respectively. The vowel duration was 174.42 nsecs for non-
stutterers and 23.52 nsecs for stutterers. These two neasures

highly correlated with speech natural ness.

2) No significant difference in voice onset tine:

Sone studies have indicated no significant difference
bet ween stutterers and non-stutterers for VOT value. Brenner
et al (1972) attenpted to determ ne what aspect of previous
rehearsal aids in the reduction of stuttering. Fi ve
conditions were created: 1) no rehearsal, 2) silent rehearsa
with no Ilip novement, 3) silent rehearsal with |ip novenent,
4) whi spered rehearsal, 5) aloud rehearsal. Twelve stutterers
read test sentences after three rehearsal under the different
condi tions descri bed. Results indicated that the nost
effective reducers of stuttering was the aloud rehearsa
suggesting that a conbination of phonatory and articulatory

not or maneuver was the nost inportant el enent of rehearsal.

Metz et al (1979) analyzed spectrographically eighteen
different sound clusters in words produced by five young
adult stutterers and five normals. Stutterer's voice onset
time were longer on only six of the eighteen clusters.
Statisti cal anal ysi s reveal ed no si gni ficant group
differences in nost of the phonetic contexts constituting

their data base.
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Watson and Alfonso (1982) determined the |aryngea
reaction tine and voice onset tinme values in a group of
eight adult stutterers and eight normal speaking adults.
Voice onset tinmes were obtained from a nonsense syllable
phrase beginning with a voiced schwa. The phrases consisted
of three contiguous schwa + Cl1-V-C2 segnents where C was
either (/p/, /t/, I'kl), C2 was always 1 and V was either the
high front vowel /i/, the high back vowel /u/ or the low
front vowel /x/. Spectrographic analysis was perfornmed on the
utterances produced. Anal ysis of variance indicated no
significant group difference for any of the three places of
articulation or the pooled voice onset tine neasures. There
was no significant group differences for |aryngeal reaction
tinme values and a rank order conparison of |aryngeal reaction
time and voice onset tinme for the stuttering group revealed a
non-significant correlation between these two neasures of

| aryngeal timng (r = -0.275).

Borden et al (1985) perforned electroglottographic and
acoustical analysis of fluent and dysfluent utterances of
stutterers. Voice onset time was neasured during an
adaptation task performed by stutterers and control subjects.
There was no significant difference
between the voice onset tinme of stutterers and controls. EGG
for dysfluent utterance was characterized by a gradua
instead of abrupt build up of the signal. This was the

physi ol ogi cal basis of early onset of voicing.
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Zebrowski et al (1985) had acoustically analyzed el even
young stutterers and eleven normally fluent peers in the age
range of 3.1 years to 6.8 years. The neasured acoustic
vari ables consisted of vowel-consonant transition duration
(in nmsec) and rate (Hz/nmsec), stop gap, friction and
aspiration duration, voice onset time, 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 tenporal
nmeasures. However, they speculated that, unlike normals,
stutterers do not show any systematic relationship between
the peak glottal opening and the articulatory release. This
was based on the stop gap duration data. They interpreted
that stutterers show less control and stabilization of

| aryngeal and supral aryngeal tenporal coordination.

Revat hi (1989) studied the acoustic tenporal paraneters
in the speech of two normally non-fluent and two stuttering
children. Spectrographic analysis revealed no significant
difference between stutterers and normally non-fluent for
voi ce onset tine.
|V COORDI NATI ON OF ARTI CULATORY, LARYNGEAL AND RESPI RATORY
EVENTS:

Adans (1974), Conture et al (1985), Mhan Murthy (1988)
and Peters and Boves (1988) have reported m scoordi nati on of
articul atory, | ar yngeal and respiratory events during

stuttering.
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Adanms (1974) has offered a physiologic and aerodynam c
anal ysis of stuttering and fluency. He proposed that fluency
is dependent on snooth coordination of activities of the
respiratory, phonatory and articulatory system Because
evidence of disrupted nmotor timng can be found during
stuttering at all levels of speaking system the possibility
exists that each level could serve as a form of difficulty
that triggers mscoordination wth other Ievels of the

syst em

Conture et al (1985) based on the fiberoscopic
observation of larynx  hypothesized that a conpl ex
interaction anong the respiratory, l|aryngeal and articulatory
systens contributes to the occurrence of the inappropriate

abductory and or adductory | aryngeal behaviour.

Mohan Murthy (1988) studied the acoustic aerodynam ¢ and
| aryngeal correlates of stuttering. The neasurenments were
made usi ng spect rograph, el ectroaer onet er and
el ectrogl ottograph respectively. The observations nade for

nonfl uent pretherapy utterances are presented bel ow

1) Inhalatory frications of varying duration (50 to 260
msec) .

2) Speed quotient of vocal fold cycles, was |less than one in
t he maj ority of cycl es st udi ed. Thi s I ndi cat ed
i nappropriately | onger cl osi ng phases pointing to

excessi ve adducti on.
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3) Atypical CV and VC transition of vocal fold cycles were
observed.

4) Random variation of SQ from cycle to cycle was observed
for vocal fold cycles during (1) inhalatory frication (ii)
fricatives and consonants produced an exhal atory airstream

5) Peculiar stair step patterns in opening phases of vocal
fold cycles during inhalatory frication.

6) Abnormal EGG patterns during the opening phase of voca
fold cycles during exhalatory fricative production.

7) Sone paradoxical observations where |aryngeal tracing and
voi ce bars on spectrogram did not correlate were observed
whi ch perhaps relate to the issue of nonlinear mechani sns
in speech production.

8) Inappropriate timng of voicing.

9) A clear pattern of longer or shorter post therapy
segnental durations is not evident.

10) A pattern of faster pre-therapy transition becom ng

slower follow ng therapy was not evident.

11) Abnormal articulatory constrictions for fricatives were

i ndicated by the spectrogram

He further interpreted that dysfluencies seen during
stuttering indicated several | aryngeal , aerodynam c and

articulatory abnormalities.

Peters and Boves (1988) examned the interaction of

respiration, phonation and articulation. Pressure build up
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patterns preceding the onset of phonation were studied in 573
fluent utterances of ten stutterers and 552 utterances of
seven control subjects. Stutterers evidenced deviant patterns
of subglottal pressure build up nmuch nore often than did
control speakers. Electroglottographic records were exam ned
and stutterers evidenced abrupt voice onsets significantly
nore often than did controls. Acoustic nmeasures of abruptness
of voice onset, first syllable duration and average syllable
duration were also obtained. The results indicated that there
was a close relation between problem in the coordination of
respiratory, phonatory and articulatory processes and

dysfl uencies in speech production.

V COARTI CULATORY ERRORS
1) Abnormal formant transition:
Presence of abnor mal formant transitions has been

indicated in several studies.

Stromsta (1965) denonstrated that the spectrogranms of
stuttered speech revealed a lack of wusual falling or rising
transitions seen in the spectrograns of normal speakers. The
juncture formants were either absent or different. He also
added that these children whose dysfluencies showed anonalies
in coarticulation failed to outgrow their stuttering. Those
chil dren whose spectrograns showed normal juncture formants
had becone fluent in the ten years span since the original

recordi ngs were made.
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Adans and Reis (1971) investigated the difference in
the frequency of dysfluencies of voiced and unvoi ced phonenes
in stutterers. They stated that increased stuttering is nore
likely to occur during voiceless to voiced phonation
transition than voiced to voiceless transitions. They
hypot hesi zed that if the larynx was an inportant site in the
breakdown of fluency, then conditions requiring increased
| ar yngeal adjustnment would create an increase in the
frequency of stuttering. Data of this study also suggested
that the termnation or initiation of phonation is directly

related to the frequency of stuttering.

Agnello et al (1974) analyzed spectrograns of the
stutterers speech and concluded that stuttering dysfluencies
did not show the normal downward shift of the second fornmant

associated with normal articulatory positioning.

Webster (1974) conpared stutterers and non-stutterers
and suggested that stutterers use rapid coarticulatory
novenents.

Mont gonmery and Cooke (1976) analyzed perceptually and
acoustically a carefully selected set of part wor d
repetitions from the speech of adul t stutterers.
Spectrographic analysis revealed that abnornmal or fornmant
transitions characterized the initial segnent of t he
stuttered word and the renmai nder of the word was identical to
its fluently produced counterpart. The results were in-

terpreted to nean that for the type of dysfluency selected,
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the articulatory breakdown was confined to the initia
consonant and it was likely that abnormal formant transition
from initial consonant to vowel, when present were due to
devi ant formation of consonant rather than to faulty

transition dynam cs.

Manni ng and Coufal (1976) investigated the dysfluencies
during voiced-voi ced, voi ced-voi cel ess and voi cel ess-voi cel ess
phonene to phonene phonatory transitions. The speech of
el even adult stutterers and a matched group of nonstutterers
was anal yzed according to the occurrence of disfluency during
the above categories of phonatory transitions. Bot h
stutterers and non-stutterers denonstrated a | ower percentage
of dysfluencies during voiced-voiced transitions than during
voi ced-voi cel ess, voicel ess-voiced and voicel ess-voiceless

phonatory transitions.

St ar kweat her and Meyers (1979) conpared the acoustic
aspects of stutterers and non-stutterers. According to them
stutterer's fluency was characterized by |onger transitiona
subsegnents wthin an intervocalic interval. Zi mrer mann
(1980a) studied the perceptually fluent utterances of six
stutterers and seven normal speakers using cineradiography.
The results suggested that stutterers had longer transition
tinme of the downward novenent for each utterance. He also
added that there are longer transition tinmes for both l[ip and

] aw.
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Van R per (1982) based on spectrographic and
ci nefl uorographic analysis of stutterers speech reported that
the transitional formant patterns are lacking in the
stutterer's prolongation until just before the rel ease takes
pl ace. He also added that perceived schwa in syllabic
repetitions may be due to failure in coarticulation.

Wells (1983) studied the stuttered and non-stuttered
phonenmes of twenty adult males and analyzed for distinctive
feature patterns wusing the Chonsky - Halle system The
features (+ consonantal), (-voiced), (+ continuant) and
(-strident) occurred significantly nore often in stuttering
than in non-stuttering instances. Results suggest that in
adults stuttering is nost likely to occur when the primary
sites of tension and discoordination are lingual and
| aryngeal and when -voice to + voice transition has to be
made.

Howel | et al (1987) analyzed 30 dysfluent episodes from
eight stutterers. Al of these dysfluencies occurred on words
consisting of an initial voiceless stop consonant followed by
a vowel. The spectrographic analysis revealed that the speech
| acked  nor mal f or mant transition between the initial
consonant and the following vowel. The dysfluent vowels were
shorter and lower in anplitude than the correspondi ng fluent
vowels and there was no significant difference between the
formant frequencies of the fluent and disfluent vowels.

Mohan Miurthy (1988) studied the dysfluent utterance of

one stutterers. The spectrographic analysis indicated faster
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pretherapy transition. Revat hi (1989) studied the acoustic
tenmporal paraneters in the speech of two normally non-fl uent
and two stuttering children. Spectrographic analysis reveal ed
that transition duration of F2 and speed of transition of F1
showed a significant difference between stutterers and
normal |y non-fluent.

2) Extent of formant transition

Heal ey (1981) conducted a spectrographic study and found
that the adult stutterers were slower in conpleting the
transitions from frication onset to peak anplitude during the
production of the / s/ phonene.

Suchitra (1985) studied coarticulation in fluent
utterances of stutterers and conpared it wth the norma
speakers. Results indicated that, though the rising and
falling trend of the formant frequency transition was the
sanme in fluent speech of stutterers as it is in the nornal
speakers, the extent of such transitions was different in the
two groups. The coarticulatory "differences" found in the
fl uent utterances of stutterers I ndi cat ed t hat t he
articulatory configuration required for the production of a
phonenme in question was not fully achieved.

The review of literature suggest that stutterers exhibit
several articulatory abnormalities. Several of these studies
have been conducted to analyze one of the paraneters of
articulatory dynam cs. In the present experinent it 1is
intended to acoustically study in detail, the articulatory

dynamcs in four adult stutterers.
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METHODCOL OGY

SUBJECTS: Four adult male stutterers as diagnosed by a speech
pat hol ogi st were selected for this study. The age range of
the four stutterers was 20-30 years. The subject details are

in Tabl e- 2.

MATERI AL: Two tasks were used.
1) Spontaneous speech: The experinenter engaged the subject
in a general conversation enquiring about his education,

occupati on, hobbies etc.

2) Reading Tasks: Standardized passages were used for getting
reading sanples. Thi s included the rainbow passage

(Fai rbanks, 1967) and standardi zed passage in Kannada.

PROCEDURE: The subject was seated confortably in a quiet
room of the Speech Science Laboratory, AIISH and he was
instructed to speak/ read into the mcrophone (Cardiode,
Uni directional) which was kept at a distance of 10cns from
his mouth. Al the speech and reading sanples were recorded
on high fidelity magnetic 7 1/2" tapes using the internal
t aperecorder of the sound spectrograph VII 700. The speech
and reading sanples were listened to and the perceptually
dysfluent and their counterpart fleunt utterances (if any)
were selected. Wde band bar type of spectrograns were

obtained for all these utterances.
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Subj ect | Subject 1l Subject 11l Subject IV
Age of onset Frombirth From six From birth From four
years of years of
age age
Fam |y
hi story of No No No No
stuttering
H story of
Del ayed No No No No
Speech &
| anguage
Fam |y
hi story of
del ayed No No No No
speech &
| anguage
Stuttering Repetitions Interjections Repetition Repetition
features Prol ongations Repetitions Inter- Pr ol onga-
Interjections Prolongations jection tion inter
S |ent Si | ent j ections,
Paeuses (in- & audi bl e audible
appropriate). pauses pause (in-
appropri ate)
Variations Severity in- Severity in- Severity Severity
in stuter- creaseswhen creaseswhen s constant increases
i ng speaking to speaking to in all when spea-
strangers. el ders-words situat- king to
Wrds star- starting tions, strangers
ting with with stop wor ds and el ders
stop conso- consonants starting in words
nant s with stop starting
consonants with stop

consonants

Secondari es Eye blinking G oss head Bl i nki ng Gross head
Faci al novenent s of eye & & hand
gri maces & & hand faci al novenent s
sweat i ng novenent s gri maces & eye
bl i nki ng
Languages Kannada, Kannada Mal ayal am Mal ayal am
known Engl i sh Engli sh Engl i sh,
Ur du
TABLE-2: Subject details
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MEASUREMENT

Using the wde band bar type of spectrogram the
foll owi ng nmeasurenents were made.
1) PHONEME DURATI ON: Vowel duration was neasured as the tine
bet ween the point of onset and cessation of glottal vibration
and of resonance areas. The duration of voiced or voiceless
consonants was neasured as the tine between the offset of
resonance for the preceding vowel and the onset of resonance
for the following vowel (nedial position). In the initial
position, it was neasured as the tine between the onset of
voice bars or burst to the onset of resonance for the
foll owi ng vowel . The fricative duration was neasured as the

time between the onset and offset of frication.

2) VO CE ONSET TIME: Voice onset time was neasured as the
time between the articulatory release as evidenced by the
burst and the onset of glottal activity for the follow ng

vowel as indicated by the voice bars in the spectrogram

3) ASPI RATI ON DURATION: Aspiration duration was neasured as
the duration between the onset and offset of |ow frequency

ener gy.

4) TRANSI TION DURATION OF F2 OF THE FOLLOWNNG VOWEL:
Transition duration was neasured as the tine between the
onset of transition of F2 to the steady state of F2 in the

vowel .
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5) SPEED OF TRANSITION OF F2: The frequencies at the onset
and termnation of the transition of F2 were neasured. The
di fference between these divided by the transition duration

for F2 was considered as the speed of transition of F2.

These neasures of dysfluent and fluent utterances were
conpared and analysis of variance (ANOVA) was applied to
find out the significant difference between the dysfluent and
fluent utterance. Descriptive analysis of spectrogram was

al so perforned to delineate the results.
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RESULTS AND DI SCUSSI ON

RESULTS

The results are presented based on descriptive and
i nferenti al statistical anal ysi s and di scussed. The
descriptive analysis on different spectrograns revealed

various articulatory errors as in Tabl e-3.

1) Errors of aspiration
2) Errors of coarticulation
(a) Lack of formant transition
(b) Longer transition tine
(c) Shorter transition tine
3) Addition or interjection
4) Errors in manner of articulation
5) Errors in place of articulation.
6) Errors in place and manner of articul ation
7) Prolongation.
8) Errors of aspiration and coarticul ation
9) Errors of coarticulation and and place of articulation.
10) Errors of coarticulation and prol ongation.
11) Errors of coarticulation and manner of articul ation.
12) Errors in coordination of articulatory and glottal

gesture.

TABLE-3: Articulatory errors in stutterers.
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1) Errors of aspiration:

Three subjects S2, S3 and S4 aspirated the initial
phonene of the dysfluent word and had aspirations in between
the words. The initial phonenes aspirated were vowels, stop
consonants and nasals. Spectrograns in Fig-1-15 depict
aspiration as exhibited by the subjects in various
conditions. It could be observed that while sone of the
utterances (for eg spectrograns in Figs.l&) are produced
wi th continuous flow of speech, sone utterances are disrupted
because of aspiration between or within the words. The nean
duration of aspiration was 186.5nmsecs (In the spectrograns,
Du refers to dysfluent utterance and Fu refers to fluent

utterance).

Zebrowski et al (1985) reported aspirations in word
initial bilabial stops in the utterances of eleven young
stutterers. They speculated that aspiration indicated sone
conplex interaction between supralaryngeal and |aryngeal
structures and novenents during production of the stop
consonant . Aspiration is defined as the glottal friction
produced with or wthout glottal pulsing while glottis is
narromly or wdely opened and supraglottal vocal tract is

unobstructed (D xit 1979).

Aspiration is depicted as |low frequency energy on the
spect rogram Aspiration in stutterers associated wth
phonenes, vowels, stop and nasal - indicates that the glottal

gesture is inappropriate. Instead of a vibrating vocal fold,
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the gesture is open vocal fold. Also, the aerodynamcs
involved is inappropriate. The duration of aspiration
indicates that a high subglottic pressure is involved which
was not necessary during the production of these phonenes.
Aspiration between words or within words indicate that the
glottis 1is inappropriately and non-predictably open which
m ght be because of a high subglottic pressure causing air to

pass through glottis resulting in aspiration.

2) Errors of coarticulation

Cv formant transition errors were observed in both
initial and nedial segnent of stuttered words produced by all
the four subjects. The initial phonenes of these words were
stops, fricatives and nasals. The fourth subject produced
coarticulation error for affricate [/ (FFg 32) and
spectrogram for trill /r/ (Fig 28) also. Spectrogranms in
Fi gs-16-43 depict errors of coarticulation produced by all
the four subjects. These errors of coarticulation could be

classified into four types:

a) Lack of formant transitions.
b) Longer transition duration of F2.
c) shorter transition duration of F2.

d) I nappropriate transitions.

a) Lack of formant transition:
Spectrograns in Figs.16-30 depicts lack of formant

transition as exhibited by the four subjects. Transitions are
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Fig-30: Spectrogram depicting lack of formant transition in
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novenments of formants which indirectly conveys about the
articulatory novenents. The absence of formant transition
indicates that stutterers are unable to transit or nove from

one phonene to anot her.

For instance, in the dysfluent utterance of "stamering"
(spectrogram in Fig-18) the subject is not able to transit
fromthe phonene /t/ to /a/. This is clearly indicated by the

presence of only a burst for /t/ and no transition to /a/.

b) Longer transition durations:

Three  subjects S1, S3 and S4 had longer transition
durati ons of F2 for dysfl uent utterances than the
corresponding fluent wutterance. Spectrograns in Figs.31-36
depicts longer transition duration of F2 for dysfluent
utterances. This indicates that the time required to nove
from one phonenme to another phonene is long or the tine
| apse between the novenent of articulators fromone target to

another is |ong.

Tabl e-4 depicts the F2 transition durations and speed
of transitions of fluent and dysfluent utterances. It could
be noticed that longer transition durations generally tend to
be associated with reduced speed of transitions.

Wiile the F2 transition duration of fluent and dysfl uent
utterances was significantly different, the speed of
transition between fluent and dysfluent wutterances though

different were not significant.
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Fig-36: Spectrogram depicting longer transition duration F2
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Transition duration of F2 Speed of transition of

(msec) F2 (Hz/ nmsec)
Dysf | uent Fl uent Dysf | uent Fl uent
Mean 112. 06 81. 765 3.106 6. 085
F val ue 1. 145 7.28

( ANOVA)

TABLE-4: Mean and F value for transition duration of F2
(msec) and speed of transition of F2 Hz/nsec.

c) Shorter Transition duration:

Shorter transition duration of F2 for dysfluent
utterances was found in three subjects Sl1, S2 and S4. In the
spectrograns in Figs.37-41 the time between the onset of
transition of F2 to the steady state of F2 in vowel of
dysfluent utterance is shorter than that of fluent utterance.
This indicates shorter tinme |apse between the novenent of

articulation fromone target to another.

d) Inappropriate transition:

Two of the four stutterers S2 and S3 had inappropriate
transitions for dysfluent utterances. This has been depicted
in spectrograns in Figs. 42 and 43. |In spectrogram in Fig-42
t he subject was unable to transit from/s/ to /i/ whereas the
fluent utterance clearly indicates a snooth transition from
sl to li/. Simlarly, in the dysfluent utterance depicted
in spectrogram in Fig-43 there was inappropriate transition
from /f/ to [/al. This inplies that the articulators

m stargeted the production of the follow ng vowel /al.
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The results obtained are in agreenent with the studies
of Stronmsta (1965), Agnello et al (1974) and Van Ri per (1982)
who have reported absence of formant transitions in the
dysfluent utterances of stutterers. Starkweather and Meyers
(1979) and Zi nmmernmann (1980a) have reported |longer transition
durations in the dysfluent utterance of stutterers. Healey et
al (1981) based on the spectrographic study found that adult
stutterers were slower in conpleting the transitions from
frication onset to peak anplitude during the production of
the /s/ phonenme. The sanme observation can be nmade in
spectrogram in Fig-35. The speed of transition of F2 from/ s/
and /i/ is 1.2Hz/msec for dysfluent utterance and 8. 3Hz/nsec
for fluent wutterance. Also, shorter transition tinmes was
indicated in the study of Mhan Mirthy (1988). The results
are also in consonance with the study of Howell et al (1987)
who, based on the analysis of thirty dysfluent episodes

reveal ed that the speech |acked normal formant transition.

These different errors of coarticulation inply the
variability found in the stutterers. Wile at one nonent a
stutterer is unable to nove the articulator from one position
of another, at another nonent he takes longer tine to nove
his articulator at still another noment shorter time is taken
and at other nonent the articulators are unable to nove to

the place of the target phonene.
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3) Addition or interjection:

Interjection like "urn® or "a" were depicted by subjects
S1 and $4 (spectrogram 44-50). S1 exhibited glottal clicks in
between the words (spectrogram in Fig-44) phonemes like /s/
were added in between the words which could be either a
pl acement error or an addition (spectrogramin Fig-48a,b &c).
4) Errors in manner of articul ation:

Al the four stutterers exhibited manner of articulation
errors (spectrograms 51-57). Al these errors were present in
the initial subsegment of the dysfluent utterance and were of

six different types (Table-5).

a) Devoicing the initial subsegment of dysfluent word.
b) Voicing the initial subsegnment of dysfluent word.
c) Substitution of stop for fricative.

d) Substitution of fricative for stop

e) Substitution of stops for nasals.

f) Substitution of stop for vowels.

TABLE-5: Errors of manner of articulation.
a) Devoicing the initial subsegnent of dysfluent utterance:
Devoicing of the initial subsegnment of dysfluent
utterance was seen in three words /bangal ore/ (spectrogram
in Fig-51), /diesel/ (spectrogramin Fig-52) and /basically/
(spectrogramin Fig-53). In the spectrogramin Figs.51 and 53
devoicing of the initial phonenme /b/ is indicated by the
absence of voiced bars. Simlarly, in the spectrogramin
Fig-52 the initial phonene /d/ was substituted by its

voi cel ess cognate /t/.
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Fig-44: Spectrogram depicting addition of glottal stops
within the word boaka](addltion is indicated by Du
and arrow )

Fig-45: Spectrogram depicting addition of click within the
phraaelnanu tenth odidinj/(addition is indicated by
Du and 'arrow)
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‘um”® in the word
-46: Spectrogram depicting addition of “um
e la:sil(adﬁition is indicated by Du and arrow)

Fig-47: Spectrogram depicting addition of “um’ 1in the word
|dasaraballi |(addition is indicated by Du and arrow)
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Flg-48: Spectrogram deplcting addition of "sa’” within the
e,b, . phrase |idarinda haani agide Tadditlon is indicated
by Du and arrow)
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Fig-49: Spectrogram depicting addition of "a’ within the
word |bero honda| (addition is indicated by Du and
rrrrrr

‘of “um’ d
.Fig-50: Spectrogram deplcting addition of “um’ in the wor
€ | Bangalore [(addition 1s indicated by D
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Fig-51: Spectrogram deplcting devoic
subsegment of the Hordeanga

_’{ng of the initial
indicated by Duland arrow )

ore/ (devolecing is

Fig-52: Spectrogram depicting devoicing of the initial
subsegnent of the word )diesel *(devoicing is
indicated by Du and arrow)
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Fig-53: Spectrogram depicting
&b subsegment of the word
“” jndicated by Duland arr
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b) Voicing the initial subsequent of dysfluent word:

Spectrogram in Fig-54 represents the utterance
/ kal odi odu/ . The dysfluent utterance is /g/ which is the
voi ced cognate of the initial phonene /k/. In the spectrogram

voice bars and bursts are evident. This is also indicated by

the |ag VOT.

c) Substitution of stops of fricatives:

Subjects S2 and S3 substituted stops for fricatives.
This could be observed for the utterances "full down" and
"famly" depicted in the spectrograns in Figs.55 and 56
respectively. In both these utterances the initial phonene

[fl is substituted by the stop /p/. Instead of producing a

m nimal constriction at the level of lips there was a
complete closure of lips leading to production of a bil abial
stop. In other words, there was excessive nuscular activity

and forceful articulatory novenment |eading to the production

of a bilabial stop.

d) Substitution of fricatives for stops:

Subject S2 in one instance substituted fricative sound
[t/ for the stop /p/ in the utterance /problen (spectrogram
in Fig-57). There was a mnimal constriction at the |evel of

lips instead of conplete closure.

e) Substitution of stops for nasal:
Spectrograns in Fig-58a, b & c depict the utterance

mni conputer”. As can be observed in this spectrogram the



. b *n + lﬂ h-
— L fr*- e ”” -

Ll I LR ” ||

r T

JFa

} a’ L‘o "

'Fig-54: Spectrogram deplcting voicing of the initial
subsegment of the Hord}kalodiyedul(voicing is

indicated by Du and arrow)

4b a)



[ 1{ S

N il‘I
I ||I!H[ | o

| I i|
II
M I
“ I‘I| [l| ‘M‘T&‘F il
IlimmM -

y il Jl‘hu l ‘
"‘li

l"ll:ur m

|r|'u

[ __JF_I ...mH ai un i
e !li‘ ﬂmim” ]‘ai ||inllhu|f

4 AN udNMHHl

= |
- = .

T m 4
Pul Dul Pl
. - _
|
| — — -
|1 J
| ‘,' f, T
I

|“ [I

l ) “Jl e

o ', '!i:;r-' b iIliifi I]HH
i

f'ulhauln

g
Fa

Fig-55: Spectrogram deplcting substlitution of stop for
fricative in the word|$ull down|(substitution is
uland arrow)



Lbc

Fig-56: Spectrogram depicting substitution of stop for
fricative in the word|family| (substitution is
indicated by Dul and arrow)
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subject had dysfluent wutterances conprising of voiced and
voi cel ess bi |l abi al st ops. This error can be explained as
due to mscoordination of the velopharyngeal system The
vel opharyngeal port which is opened for the production of /m

was i nappropriately opened during the dysfluent utterance.

f) Substitution of stop for vowel:

This kind of error is depicted in spectrogramin Fig-59.
The actual utterance was "avanu" but the subject produced
"gavanu". The spectrogram clearly indicates a burst in
addition to the voice bars indicating that the vowel manner
IS substituted by the stop manner.

These results are in consonance with the results of
Borden and Aronson (1987) who reported errors of voicing,
Shapiro (1980) who reported excessive nuscular activity,
Webster (1974) who indicated forceful articul atory patternsand
Van R per (1982) who noticed inappropriate articulatory
gest ures.

It could be observed that the stutterer has problemin
maki ng appropriate constriction for the production. Wile at
some instances, the ~constriction areas were less than
necessary, at some other constriction areas were nore than
necessary.

5) Errors in place of articulation:

Place of articulation errors were recorded in the

dysfluent utterances produced by S1 and S2. Spectrograns in

Figs. 60 and 61 represent place of articulation errors.
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Considering utterance "idu nuru" (spectrogram in Fig-
60), it was produced as "idu tun du nu ru". The spectrogram
indicates that the bilabial sound /m is substituted by the
dental /t/ and /d/.

In the utterance "and it has" represented in spectrogram
Fi g-61, subject S2 substituted aspirated dental stop for the
vowel /i/. [i/ is a front high vowel and the dental stop /t/
is produced by raising the tip of tongue. It is possible that
the subject noved the articulator to /t/ position instead of

to/il.

6) Errors of manner and place of articulation

Spectrograns in Figs-62 and 63 taken from utterances of
subject S1 indicate the errors of both the place and manner
of articulation. Considering the wutterance depicted in
spectrogram in Fig-62 "tirugi bantu", it could be observed
that the dysfluent utterance conprises of varying duration of
the phonene /t /. [/t /| is a voiceless affricate which was
substituted for the voiceless dental stop /t/. In the
spectrogramin Fig-63 the utterance depicted is "globes". The
subj ect substituted the voiced palatal affricate /dz/ for the
voi ced velar stop /g/. Hence, both place and manner errors
wer e observed.

The errors in place of articulation and or nmanner of
articulation in stutterers support Van Riper's (1982)
observation. He reported highly inappropriate articulatory

gesture in the dysfluent utterances of stutterers.
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7) Prol ongation:

All the four stutterers prolonged the initial phonene of
t he dysfluent word. The initial phonenes prolonged were
fricatives and liquids (spectrograns in Figs. 64-69).
Prol ongation is characterized by long duration of the initia
subsegnment of the dysfluent word. The nean values and F

val ues of phonene duration are in Tabl e-6.

Phonenme duration (in nsec)

Dysf | uent Fl uent

Mean 363. 9nsec 67.5 nsecs
F val ue 4.1612

TABLE-6: Mean and F value for phonene duration.

The nean phonene duration of dysfluent utterances were
nmore than the nmean phonene duration of the fluent utterance
and significant difference was observed between the phonene

duration of the fluent and dysfluent words.

This result is in agreenent with the studies of D Sinon
(1974), Montgonery and Cooke (1977), Healey and Adans (1981),
Prosek and Runyan (1982) and Metz et al (1990). Al these
researchers have reported |onger phonene durations for the
dysfluent utterance of stutterers. However, it is not in
consonance with the results of the studies by Klich and My
(1982), Holland and Starkweather (1982) and Pindzola (1987).
The variability in the results may be attributed to different
nmet hodol ogi es used. Healey and Ram g (1986) suggested that

the length and conplexity of the phonetic speech task play an




Fig-64: Spectrogram depicting prolongation of the initial
a. b, subsegment of the dysfluent wordJaituntion !
N (prolongation indicated by Du and arrow)
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Fig-65: Spectrogram depicting prolongation of the initial
subsegment of the dysfluent word |saving |
(prolongation indicated by Du and arrow)
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(prolongation indicated by Du and arrow)
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inmportant role in acoustic nmeasures of fluency of stutterers
and non-stutterers. The prolongation error can be attributed

to longer steady state posture during the phonetic gesture.

Apart from the above, conbination of two errors were
al so found. "This includes errors of aspiration and
coarticul ati on, (spectrograns in Figs.70-76) errors of
coarticulation and place of articulation, (spectrogram in
Fig.77) errors of coarticulation and manner of articulation
(spectrogranms in Figs.78-79) and errors of coarticul ati on and

prol ongation (spectrogranms in Figs.80-84).

11) Error in coordination of articulatory and glottal gesture

The coordination between articulatory and glottal
gesture is indicated by voice onset tine. The voice onset
time of the initial segnent of dysfluent and fluent

utterances are in table-7.

Voi ce onset tinme (in nsec)

Dysf | uent Fl uent

Mean 21.923nsec 36. 154nsecs
F val ue 2.93

TABLE-7: Mean and F value for voice onset tine.

The nean values indicate |onger voice onset time for
fluent utterances. However, the F value does not indicate
significant difference between the VOI of dysfluent and
fluent utterance. This finding is in agreenent with those of

Metz et al (1979) and Watson and Alfonso (1982) who have
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Du2 and arrow)



v +
~ n F. N -

4
Pul P Fe

Fig-74: Spectrogram depicting aspiration and coarticulation
error in the word |convert [(indicated by Dul, Du2 and
arrow)

= v

50

l"-"!‘
'y
D“ \ j)‘ 1 F“'

error in the word [connected((indicated by Dul, Du2
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Fig-76: Spectrogram deplcting aspiration and coarticulation
error in the word (towards J(indicated by Dul, Du2 and
*arrow)
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Spectrogram deplicting lack of formant transition and
place of articulation error in the phrase favanu
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Fig-78: Spectrogram depicting longer transition duration F2
| and manner of articulation error in the word
Gtk ]basically‘l(indicated by Dul, Du2 and arrow)
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found no significant difference between the stutterer's and
non-stutterers VOTs. However, it does not support the results
of the studies by Agnello and Wngate (1972), Wndell (1973),
Agnello (1974), Hillman and G lbert (1977), Basu (1979),
Zi mrer mann (1980a) and Healey and Gutkin (1984) who reported
significantly |onger voice onset tine for stutterers conpared
to normals. The variability in the value of voice onset tine
can be attributed to the procedural differences anobng these
studies. This difference is nobst notably in the use of non-
sense syllables versus neaningful words and isolated versus
conti nuous speech. Also controlled speech rate and phonetic

context and subject training are involved in these studies.
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DI SCUSSI ON

The results reveal several interesting points. First of
all stutterers speech has been found to be characterized by
several articulatory abnormalities. These errors observed
enphasi ze the notion that stuttering is an articulatory

di sor der.

The locus of defect is speculated to be in sonme unknown
hi gher centre of the nervous system The occurrence of
dysfluencies in stutterers speech can be explained by the
Sequencing and Timng nodel proposed by Mackay (1982).
According to this nodel the basic conponents underlying
speech notor control are content nodes, each consisting of
one or nore neurons. These content nodes are organized into
three independently controllable systenms - the nuscle
novenent system the phonol ogical system and the sentential
system Content nodes wthin the nuscle novenent system
represent nuscle specific pattern of novenent involving the
respiratory, phonatory and articulatory system Cont ent
nodes within the phonologic and sentential systens represent
the cognitive units for controlling the novenents making up a
programed sequence such as a word or a phrase. The speech is
produced after primng and activation of nodes. The node
which is nost prined gets activated first. The dysfluencies
or errors occur whenever another node in the domain has
greater primng than the intended to be activated node, when

the triggering nechanism is applied. As a consequence, the
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wrong node becones activated under the "nost prinmed w ns"
principle and an error occurs. Applying this nodel to the
stuttering nmonments, for exanple, in spectrogram in F g-52
[it/ is uttered as /th/ which perhaps explains the nost
primng principle. It indicates that the node for /i/ was not
primed and instead the node for /th/ was the nost prined.
The prolongations also support this nodel and t he nodel
explains that a node is triggered for a longer tine than

necessary.

Consider the first two phonenes in "practice". The
nodes and connections between them which are relevant to this
exanple are shown in Fig-85. Unknown connections are
excitatory and the dotted connections between the sequence
nodes (rectangles) is inhibitory. The node representing the
super-ordinate conponent /Pr/ (initial consonant cluster) is
activated first. This sinmultaneously prinmes two subordinate
content nodes /p/ (initial stop) and /r/ (initial 1iquid)
which in turn prinme their corresponding sequence nodes
INITIAL  STOP and |INITIAL LI QU D. The inhibitory [link
tenporarily reduces the primng of INITIAL LIQUID relative
to INNTIAL STOP and the latter is activated with the first
pulse from the phonological tine node. Once activated,
INITIAL STOP strongly prines. The entire domain of initial
stop nodes and one of these, /P/ (initial stop), having just
been prined, has greatest primng and becones activated under

the "nost prined w ns" principle.
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Follow ng activation, INITIAL STOP  beconmes  self
inhibited. This releases the inhibition on the INTIAL
LIQU D which now achieve the nost primng in the domain of
phonol ogi ¢ sequence nodes and becones activated with the next
pul se from phonologic tine. INNTIAL LIQU D therefore,

strongly prines its domain of nodes.

Error free output occurs under this theory when an
intended to be activated content node has greater primng
than any other node in its domain when the triggering
mechanismis applied, that is, whenever the sequence node for
the domain of content nodes is activated. The "intended to be
activated" node is the one that is receiving primng froma
superordinate node in the output sequence, that is, the
directly connected content node imediately higher in the
hi erar chy.

Error occurs whenever another node in the domain has
greater primng than the intended to be activated node when
the triggering nmechanismis applied. The fundanental cause of
errors is that other extraneous sources contribute primng
which sonetinmes can exceed the systematically increasing
primng for the intended to be activated node, when the
triggering nmechanism is applied. As a consequence the wong
node becones activated under the "nost prined wi ns" principle
and an error occurs. Stutterers exhi bi t three
characteristic phenonena-repetitions, prolongation and bl ocks

whi ch can be explained by this nodel.
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The second interesting point in this study is the
i ndi vi dual differences observed in the occurrence of
dysfluencies. Each of the four stutterers studied had sone
characteristic dysfluencies. For I nst ance, subject S1
exhibited addition of glottal clicks in between the words and
S2 exhibited inappropriate opening of the velopharyngea
port. It appears that stutterers can be classified based on
the errors obtained from acoustic analysis, provided a
sufficiently large sanple is used. VWil e sone could have
articulatory errors restricted to the oral tract sonme could
exhibit articulatory errors extended to vocal folds and sone

could have articulatory errors extended to nasal tract.

Third, the results, indicate that the perceptua
analysis which is wusually enployed in the assessnent of
stuttering is not sensitive in detecting the errors in
production of dysfluency. Hence, it is suggested that
assessment of stuttering could include both perceptual and
acoustical analysis. Since these is a lot of individua
variability in the speech of stutterers the conprehensive
anal ysis of speech synptons enables the clinician to design

specific fluency enhancing techniques.

Aspiration errors were attributed to high subglottic
pressure causing air to pass through glottis. So, the air
flow therapy, wth gradual exhalation of air along wth
utterance seens to be appropriate to reduce errors of

aspiration. The errors of coarticulation are due to
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i nappropri ate novenent or |ack of ability of thearticulators to

nove from one phonenme to another.

The prolongation therapy thus gest justified as it
i nvol ves prolongation of the phonenmes of the words and snooth
transition to other phrases. Addition errors and errors in
place and manner  of articulation were attributed to
i nappropriate articulatory gestures. Auditory feedback al ong
with soft articulatory contacts can be suggested to avert

such errors.

It could be concluded that stutterers exhibit several
i ndividual articulatory errors, the cause of which could be
at higher centres. However, as the higher centres are not
accessible either in diagnosis or in therapy for stuttering,
it would be appropriate at this tine to atleast evaluate the
ext er nal systens-articulatory |aryngeal and respiratory.
However, the present systens of therapies do not explain how
and why stutterers overconme these aberrant errors. Thi s
warrants the need for new therapy techni ques, which could, if

not renove the cause, renove the external synptons.
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SUWVVARY AND CONCLUSI ON

The present study was ainmed at acoustically analyzing
the articulatory dynamics in four stutterers to obtain a
whol i stic and concl usive observation on articulatory dynam cs

in stutterers.

Four adult nale stutterers as diagnosed by a Speech
Pat hol ogi st were selected for this study. The age range of
the four stutterers was 20-30 years. The subjects were
instructed to speak/read into the mcrophone (cardioda,
unidirectional) and these utterances were audi o-recorded on a
high fidelity magnetic 7 1/2 tape wusing the internal
taperecorder of the sound spectrograph VII 700. The speech
and reading sanples were listened to and the perceptually
dysfluent and their counterpart fluent utterances (if any)
were selected. Wde band bar type of spectrograns were
obtained for all these utterances. Using the w de band bar
type spectrograns, measurenents of five tenporal paraneters
for both dysfluent and fluent utterances were nmade. These
paraneters were - phonene duration, voice onset tine
aspiration duration, transition duration of F2 of the
followwng vowel and speed of transition of F2. The five
tenmporal neasures of dysfluent and fluent utterances were
conpared. Analysis of variance (ANOVA) was applied to find
out the significant difference between the fluent and
dysf | uent utterances. Descriptive analysis was also

performed to delineate the results.
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Based on the descriptive and inferential statistical
anal ysi s, twel ve ki nds of articulatory errors wer e
identified. These were as follows:
1) Errors of aspiration: Werein the initial subsegnment of
the dysfluent utterances were aspirated. The nean aspiration
duration was 186.5nsec. The aspiration error in stutterer's
utterances could be attributed to high subglottic pressure
and inappropriate glottal gesture, causing air to pass
t hrough glottis.
2) FErrors of coarticulation: CV formant transition errors
were observed in both initial and nedial segment of stuttered
words. Four Kkinds of coarticulatory errors were noticed -
Tviz.-
a) Lack of formant transition: The spectrograns of sone
dysfluent wutterance were characterized by the absence of
formant transition. This indicates that a stutterer is unable
to transit or nove from one phonene to anot her.
b) Longer transition duration: The transition duration of F2
was |onger for dysfluent utterances than the corresponding
fluent utterance. This inplies that the tinme |apse between
the novenent of articulator from one target to another is
| ong.
c) Shorter transition duration: Sone dysfluent utterances
were characterized by shorter transition duration of F2 than
the corresponding fluent utterance. This indicates shorter
time |apse between the novenent of articulators from one

target to another.
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d) Inappropriate transition: Inappropriate formant transition
were observed in tw dysfluent utterances. This indicates
that the articulator mstargeted the production of the

follow ng vowel .

3) Addition or interjection: Interjections |ike "unl, "a" and
phonenes like / s/ were added in between the words which could

be either a placenment error or an addition.

4) Errors in manner of articulation: Al the four subjects
had errors in manner of articulation. This included errors
such as devoicing the initial subsegment of dysfluent word,
voicing the initial subsegment of dysf | uent wor d,
substitution of stops for fricatives, substitution of
fricatives for stops, substitution of stops for nasals and
substitution of stops for vowels. These results indicates
i nappropriate articulatory gestures, forceful articulatory

patterns and excessive nuscular activity in stutterers.

5) Errors in place of articulation: Errors in place of
articulation like substitution of dental stop for bilabial
stop, substitution of dental stop for the vowel wer e

observed in certain utterances.

6) Prolongation: Al the four stutterers prolonged the
initial phonene of the dysfluent word. The nean phonene
duration of the dysfluent utterance was found to be
significantly longer than the phonene duration of fluent

utterance.



60

7) Error in coordination of articulatory and glottal gesture:
The coordination between articulatory and glottal gesture is
indicated by voice onset time. The voice onset time of the
initial segment of dysfluent and the corresponding fluent
utterances was neasured and conpared. The nean voice onset
time of the fluent utterance was greater than that of
dysfluent utterance. However, there was no significant

di fference between them

Apart from the above, conbination of tw errors were
al so found. This included;
6) Errors of place and manner of articulation.
7) Prolongation.
8) Errors of aspiration and coarticul ation.
9) Errors of coarticulation and place of articulation.
10) Errors of coarticulation and prol ongation.

11) Errors of coarticulation and manner of articul ation.

The results thus reveal that stutterers exhibit several
articulatory abnormalities which enphasize the notion that
stuttering is an articulatory disorder. The cause of the
di sorder is speculated to be in some unknown higher centre of
the nervous system The Sequencing and Tim ng nodel by Mckay
(1982) seems to explain the occurrence of dysfluencies in
stutterers. The analysis of errors indicate individual
di fferences observed in the occurrence of dysfluences. Each
of the four stutterers studied had sone characteristic

dysfluencies. This suggests that stutterers can be classified
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based on the errors obtained from the acoustic analysis
provided a sufficiently large sanple is used. The results
also indicate some diagnostic and therapeutic inplications.
Acoustic analysis seens to be sensitive in detecting the
articulatory abnormalities in dysfluent productions and
could be enployed in the assessnent of stuttering. Thi s
warrants the clinician to design specific fluency enhancing

techniques to elimnate the external synptons.
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