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| NTRCDUCTI ON

Stuttering is a disorder of rhythmwhere fluency is affected.
Repetitions of sounds and syll ables and prol ongati ons of sounds
are the universally denonstratabl e characteristics of stuttering
(Wngate, 1964). The behaviour of stutterers have been sought to
be expl ai ned by many theories; (i) organic theories - where enphasis
I's on sonme physical and constitutional aspects? (ii) psychogenic
theories - where personality and neurotic traits are given nore
I nportance; (iii) evaluational theories - where the diagnosis of
the parents play a major role and (iv) I|earned behavi our theories
where anticipation, conditioning and conflict are seen as key factc
Though all these theories have considerably enhanced our understand
ing of the problemof stuttering, nost of the researchers are aware

of the inconclusive findings of research into the nature of stutter

I ng.

The recent investigations into stuttering have been toward
exploring the linguistic and phonetic side of the disorder. A
maj or off shoot of this line of research is the focus on the coarti
cul atory aspect of stuttering. The idea that stutterers |ack the
coarticulatory transitions in their speech, first nooted by Stronst
(1965), has not been wel |l researched despite the fact that, at one
time, research into coarticulatory aspect of stuttering showed rich

promse for the future.



Coarticulation refers to the fact that individual phonenes
I N a speech sequence share both space and tinme with their nei ghbour-
I ng phonenes. In other words, certain characteristics of the
preceedi ng as wel | as succedi ng phonenes in a sequence appear in
t he sound bei ng produced. Coarticul ati on phenonena can be divi ded
into two types: 'backward coarticulation, in which articulatory
characteristics of a phone can be observed in |ater phones in the
string? and 'forward" coarticulation, in which an articulatory
characteristics of a phone is observed during production of the
proceedi ng phone(s). It has been reported that coarticulation is
I nfl uenced by phonetic context, rate of speech, differential stress
and nor phem ¢ boundaries (Lehiste, 19627 Lindblom 1963? Chman,
1966; Stevens and House, 1964).

The formant frequenci es whi ch depend on t he size and shape of
t he vocal tract have long been identified with vowel val ues. Ll oyd
and nore recently Potter and Peterson (1948) have denonstrated that
vowel sounds are determned in part by the rel ative values of the
formant frequencies rather than by the absol ute nmagni tude of these
formant frequencies. The speech organs are alnost in a state of
conti nuous novenent as phonem c sequences are produced and these
novenents are reflected in the changi ng acoustical structure of the
speech wave. C(Consonantal context, it has been shown anong ot hers

by Stevens and House (1963) causes systematic shifts in the vowel
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formant frequenci es dependi ng upon the place and nmanner of articu-

| ation as well as voicing characteristics. This is one particular
aspect of coarticulation (i.e., appropriate formant transitions)
that has been reported to be lacking in the speech of stutterers
(Agnell o, 1966; stronsta, 1965). stronsta (1965) reported that
stutterers often failed to showthe typical raising or falling
formant transitions of nornmal speech. Agnello (1966)found evi dence
of "numerous instances of coarticulatory failures" inthe stutterers
di sfluent speech, but has not elucidated on them However, two

ot her studi es (Hutchinson and Wat ki n, 1974; Mbont ogonery and Cooke,
1976) have shown that only a small percentage of stutterers show
evidence of this lack of formant transitions. Mntogonery and
Cooke (1976) reported that stutterers do not |lack formant transi -
tions but denonstrate formant transitions that are different from
those found in fluent segnents.t However, Montogonery and Cooke
(1976) neither have el aborated on the type of coarticulatory transi-
tional differences in the fluent and different utterances of
stutterers nor have they conpared themw th the nornal s speech.
Therefore, the occurrence of formant transitions and their nature

in the stutterers speech needs to be investigated in nore detail.

Statenent of the problem

The general purpose of this study was to investigate the
presence, absence or deviationof coarticulatory transitions

(first and second formant transitions) in the fluent and disfl uent



speech of stutterers and to conpare this with the fluent
utterances of non-stutterers. Specifically, the present

study investigated,

1) the presence or absence of first and second formant
transitions in the fluent and disfluent utterances in

the stutterers speech consisting of VCV sequences.

2) \hether appropriate transitions appear in the vowels
that are necessary to integrate themw th the succeeding

consonant ? and

3) conparison of the coarticulatory transitions between
(i) the fluent and disfluent utterances of stutterers
and (ii) the fluent utterances of stutterers and non-

stutterers.



LI TERATURE SURVEY

The production of speech involves two fundanental aspects:
The stationary properties of phonene realization and the dynamc
rul es governing the fusion of strings of phonenes into connected
speech (Chman, 1966). The inplication is that, the production
of individual sounds is not of unique or of sole inportance in
connect ed speech; (and) that the individual phonenes share both
space and tinme with their nei ghbouring sounds is equally inportant.
Speech sounds overlap on one another in ongoi ng connected speech.
Therefore, certain characteristics of the preceeding and the foll ow
Ing sounds in a sequence appear inthe sound bei ng produced. This

I s the phenonenon of coarticul ati on.

The;ieﬁ%mnylof coarticul ation has been known for a long tine
and has been the subject matter of extensive research in the past.
Bl oonfield (1933) stressed the point that the position of the arti -
culators for a given sound was altered to be nore conpatible with
t hose of the neighbouring sounds. Curtis (1954) denonstrated that
overlapping articulatory novenents in connected speech segnents
produced significant observable variations in the acoustic patterns.
It was shown that when two sounds were articulated in a connected
manner, the acoustic end product was not sinply a conbination or sum
of the acoustic characteristics of the two individual sounds in

question but rather a new acoustic pattern.



Two possi bl e sources of influence can be identified with
reference to the coarticulatory effects of phonetic contexts:
i nfl uence of the sound(s) that preceed (backward coarti cul ation)
and sounds that follow the sound bei ng produced (forward coarti -
culation). |In backward coarticulation, the erticulatory targets
of a preceeding sound overlap with and influence those of the
i ntended sound. It has been said to occur as a result of the
nmechanoi nertial limtations of the nuscles of the speech nechani sm
whi ch cause articul ator response to |ag behind the arrival of
neural commands and to persist after such commands cease (Henke,
1967; Lindblom 1963; Stevens and House, 1963). In the forward
or anticipatory coarticulation, the articulatory targets of the
sound bei ng produced are influenced by those of the upcom ng
sounds . Therefore, it is obvious that articulatory adjustnents
for the intended sound nust occur in anticipation of the articu-
| onot or characteristics of an upcomng, yet to be produced sound*
Anticipatory coarticulation is frequently thought to be the
result of 'look ahead' or 'scanning nechanism that previews up-
com ng phonenes and nodifies the targets of the phonene bei ng
produced so that they are conpatible with the upcom ng phonenes

(Henke, 1967).

The production of a given sound invol ves the simltaneous
novenent of a nunber of articulators with certain trajectories

and multiple targets. The nmagni tude of observabl e coarticul ation
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I's contingent upon the degree of conpatibility anong the respec-
tive articulatcr trajectories, target values of each sound as

wel | as the reciprocal adjustnments nade. Therefore, in addition
to phonetic context, rate of speech, differential stress and

nor phem ¢ boundari es appear to condition the coarticul ation

(Lehi ste, 1962; Lindblom 1963; Chnman, 1966; Stevens and House,
1963). In6ther words, the trajectory of a given articul ator nay
be altered and varied according to the trajectory targets for
precedi ng and upcom ng speech sounds, and possibly to a |esser
extent, according to speech rate and stress requirenents. Con-
sequently, the ideal target may not be achi eved, but only approxi -
mated in ongoi ng speech resulting in target undershooting or over-

shoot i ng.

Coarticulation occurs continuously in speech and assists in
the snooth transition fromsound to sound. For exanple, in the
production of the word 'too', one can see that the |ips woul d be
slightly rounded and pushed forward simultaneously with the attain-
ment of tongue closure for the initial sound. Such |ip novenent
Isinnoway part of the nornal articulatory target specification of
/[t/but is appropriate for the following vowel /u/. This is an
exanpl e of anticipatory coarticultion where it is as if all notor
commands for the conponents of target novenents in a syllable are
I ssued sinmultaneously at the onset of that syllable as Iong as they
are non-contradi ctory (Kozhevni kov and Chi stovich, 1965). The

not or specification of target novenents wll include such factors



As which articulatory organs are to contract; which nuscle or
groups of nuscles are to contract; the degree of force of con-
traction; the velocity of articulatory novenents etc. Contro

of the ongoing speech is facilitated by proprioceptive, tactile
and audi tory feedback nechani sns. For the afferent information
fromthese feedback channels to reach the planning unit involves
a certain mninmal delay. However, it is not necessary that the
target novenents be conpl eted before afferent information is sent
back to the planning unit. It seens plausible that the regul ator
and pl anni ng systens can extrapolate into the future and so
predict the position that the articulatory organs will attain
after a specific interval of tine. W know that the nuscle
spindle is capable of providing 'predictive information about

t he behavi our of a nuscle (Bowran, 1971; MacNeil age, 1970, 1972?
Smth and Lee, 1972) thus allow ng conpensation in advance by the
regul ator system Consequently, it may not be necessary for each
stage of the planning function (i.e. each target novenent) to

wait until the error signal of the previous stage equals zero.

The snooth triggering of successive target novenents is an
i nportant requirenent for fluent speech. To facilitate such
snmooth transition, it is necessary for the notor regulator to scan
ahead to atl east the next target novenent in time and nmake appro-
priate nodifications to the current neurolinguistic program being

processed at any given tinme. It is only by naintaining such con-



stant surveillance that the notor regul ator can ensure that the
speech organs nove in a parallel fashion and so enable coarti -

culation to occur freely.

Assum ng that sequences of novenents for an entire syllable
are triggered off as a whole at the beginning of that syllable, the
failure in such a sequence results in the fixation of target nove-
nments of the current neurolinguistic programbeing processed. It
has been suggested in the literature that such a thing mght be
happening in the stutterers speech (Jayaram 1979). Probably
because there is fixation of the target novenent of the first
sound in a speech sequence and sonehow t he speech organs have not
recei ved t he notor schena for the succeding sound(s) or syllable
in time stutterers repeat or prolong thembefore going onto the
next sound. This is consistent with the viewthat stuttering is
norphemcal |y bound in adult stutterers (Van R per, 1971; Wngate,
1976). The logic is sinple. [f'snooth triggering of the succe-
ssive target novenents and nodifications of the current neuro-
| i ngui stic programbeing processed in the speech cycle is an inports
requi rement for normal fluent speech, then in a person having
fluency di sorder such a systemmght be faulty. This needs to be

I nvestigated at |ength.

Though there are a nunber of investigations on phonene reali -
zation, research into fusion of phonemc strings has attracted attar
tion only in the recent past. Consequently, serial ordering proce-

sses in speech production and the rul es governing themhas renai ned
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one of the | east understood aspect of speech production. In one

or the earliest studies on coarticul ation, Kozhevni kov and

Chi stovich (1965) found that lip rounding for the vowel /u/ began
simultaneously with thearticulatory contact for the first consonant
in astring of two consonants. This finding was independent of wor
or syllable boundaries with in the sequence. These finding were,
in general, supported |later by Daniloff and Mol | (1968) who found
that the coarticulation of |lip protrusion extend over as nmany as fo
consonants in a sequence precedi ng the rounded vowel /u/. However,
Kozhevni kov and Chi stovich (1965) found that the |ip protrusion
gesture began sinmultaneously with the closure phase of the first
consonant in the sequence whereas Daniloff and MJ | (1968) found
this to begin before the first consonant contact near the point in
tine at which articulatory novenment toward the contact was initiate
Kozhevni kov and Chistovich's articulatory syllable nodel of articu-
| ation was only partially supported by Arernman, Daniloff and Mol |
(1970) who foun3<6hat both jaw lowering and lip retraction for /x/
can coarticul ate over a consonant sequence extending over two and
per haps 3 consonants preceding /x/ Simlarly, lip, jaw, [|ingual
and vel ar coarticul ati on have been studi ed extensively. The reader

is referred to Kent and Mnifie (1977) for a conprehensive review.

The concept of coarticulation of sounds has inplications in
stuttering. Traditionally, stuttering has been thought to occur

on' certain sounds, those sounds whi ch appear to express clearly
t he obvi ous breakdown in fluency (Brown, 1938; Bryngel son, 1955; Hah

1942; Hejna, 1955, Jayaram 1979, 1983; Johnson and Brown, 1935;
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Tayl or, 1966a, 1966b). One consistent finding of this research
has been that consonant are stuttered nore frequently than vowel s.
However, the finding of substantially nore stuttering on consonants
than on vowel s has probably reflected an artefact of phonene occu-
rrence; and the report of a rank order of difficulty among either
consonants or vowel s is questionable for the frequency of various
posi tional occurrences of different sounds have not been considered
(wingate, 1976). The observed hi gher frequency of stuttering on
consonants conpared to vowel s has not been consi dered significant

for other reasons as well:

1. The research has not denonstrated any general factor of
phonetic difficulty, that is, there are no particul ar sounds
nore frequently associated with stuttering even anong a naj o-

rity of stutterers.

2. Though there is a strong suggestion that individual stuttering
tend to occur relatively nore often in association with certain

sounds, such occurrence is recogni zed to be quite vari abl e.

3. Anore universally based contradiction to the notion of diffe-
rent sounds is that the possibility of any sound bei ng asso-
ciated with stuttering is conpletely qualified by where it
occurs. Asyllable initial sound is nore likely to be asso-
ciated with stuttering than the sane sound in the syllable final

posi ti on.
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4. A careful consideration of actual instances of stuttering
(repetitions - ppp pen or prolongation - paaaa pen) 'on

difficult sounds would clearly indicate that the stutterer

Is not really experiencing and difficulty with this particular

sound, the deviance is that he is naking it excessively.

These notions were the bases for the 'phonetic transition
defect' theory of the nexus of the act of stuttering (Wngate,
1969). The stutterer has difficulty in nmoving on to the next
sound despite his clear intention to do so. Therefore, the break-
down in fluency is an inability on the part of the speaker to con-
tinue in the phonetic sequence? the difficulty seens to involve

the fol | owi ng sound.

In the vast majority of instances of stuttering occurence,
the foll owing sound invariably happens to be a vowel sound. It has
al so been unequi vocal |y shown that the |ocus of stuttering is a
function of position of occurrence of syllable or sound; stuttering
occurs predomnantly in regard to the initial syllable of words
(Brown, 1933, 1945; Hejna, 1955; Jayaram 1979; Quarrington, Conway
and Siegel, 1962). Again, the relationship between stuttering and
word-initial position turns out to be an artefact for nost English
words are stressed on the first syllable (Trnka, 1966; Voel ker, 1942
Therefore, the predom nant occurrence of stuttering in word initial
syllable sinply nmeans that stuttering is associated prinmarily wth
verbal stress. This coupled with the fact that the foll ow ng sound
of a stuttered sound happens to be vowel inplies that stuttering is

adifficulty in transition to a stressed syll abl e because the vowel



t he nucl eus of the stressed syllable. The stutterer has diffi-
culty in actualising or realizing the vowel in a stressed syllable,
that is, in achieving the configurations of the vowel which fully
di stinguishes it. Therefore, the stutterer is stuck on the preceed
i ng phonene or because of the difficulty in devel oping the intended
vowel may actually enploy a neutral vowel which sinply signifies

defective integration in the system

Combi ni ng these fornul ati ons, suttering can be ternmed a defect
in prosodic transition to stressed syllables (w ngate, 1976, 1977).
Prosodic refers tovarious suprasegnental features such as juncture
intonation and stress changes which cut across the typical phonetic
segnents. 'Transition' refers to novenent between sounds rather
than stuttering 'on' a sound. Stressed syllables are inevitably
associated with stuttering because the realization of the syllable
nucl eus (that is, the vowel which denotes the linguistic stress) is
affected. Further, problemin stuttering occurs in transitions

toward, not away from the stressed syllable.

Van Ri per (1971) defined stuttering behaviour as a word
improperly patterned in time and the speakers reactions there to.
Van Ri per holds that stuttering reflects a breakdown primarily at
the level of the syllable. According to himthe stability of the
notor patterns that maintain the integrity of syllables is |acking
in stutterers for two reasons: (1) Stutterers rely nore on auditory
f eedback for speech control instead of nmonitoring via tactile-

ki nest heti c-proprioceptive feedback, and (2) stutterers are thought
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to be deficient in their ability to tine or integrate |ong notor
sequences. A stressed syllable is likely to be the factor which
typically '"tines' a speech sequence upto a phrase in |ength.
Stutterers are intermttently unable to achieve such 'timng
resulting in the production of sequences w th inappropriate co—

articul ation.

Essentially, stuttering is then the reflection of deficiencies
like instability of notor patterns for syllables, the inability
tointegrate a | arge nunber of discrete events in correct tenpora
order and possibly deficiencies in speech related respiration,
phonation and articulation. One evidence for the presence of co-
articulatory abnornalities on core behaviour of stuttering is the
usage of schwa vowel instead of the target vowel in syllabic repe-
titions and sound prolongations (like/s - s - s - sandw ch/)
I n such repetitions, the stutterer is searching for the/s/ wth
t he necessary coarticulatory features for integrating this phonene
with the followi ng vowel and as long as he doe not find them he
wll continue to repeat. In other stuttering nonents precise timn
of transitional events between sounds is often | ost due to breaks
in airflow, excessive tension and inappropriate postures. The
central concept of Van R per's theory, then, is the presence of
abnornmalities of coarticulatory timngs with the syllable as the

i nportant | ocus of stuttering.
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Appl yi ng the concept of coarticulation to stuttering, it could
be deduced that the stutterer probably repeats or prolongs the
phonene proceeding the stressed vowel in a syllable because he has
not achi eved t he phonene with the appropriate transitory characte-
ristics that are necessary to integrate the phonene in question to
t he succeedi ng stressed vowel. The stutterers inability to achieve
the stressed vowel is probably reflected in his or her enploying a
neutral vowel which signifies that the phonatory aspect of the
I ntended vowel has only been initiated but that it is not being

devel oped or coordi nated with proper oral shaping (w ngate, 1976).

The articulatory postures used by the Sutterers on both voi ced
and voi cel ess sounds are often wholly inappropriate and nmay even be
antagonistic. Normally, the production of an isolated consonant or
vowel gives a different sonogramthan the sanme sound produced wthin
a syllable or word. In the latter, transitional formant patterns
occur which are determned by the sounds that precede and follow the
phonene in question. It is said that these transitional patterns

are lacking in the stutterers speech.

A nunber of studies have focussed on coarticul atory characte-
ristics of stutterers speech. One of the first investigations to
report that stutterers speech has abnormal transitional novenents
was Stronsta (1965) who reported that stutterers often failed to
show the typical raising or falling formant transitions of norna

speech seen on spectrograns. Further, juncture formants were not
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present or were different. Stronsta (1965) also reported that
t hose chil dren whose spectrograns of disfluencies showed anonalies
in coarticulation failed to 'outgrow their stuttering whereas
t hose chil dren whose spectrograns showed normal juncture formants
had beconme fluent in the 10 year span since the original recording

wer e made.

Agnel l o and his associates conducted a series of investiga-
tions on the coarticulatory differences in stuttering which
i ncl uded conparisons of spectrograns of stuttered and fl uent
speech. A nunber of acoustic irregulatories were observed in
stuttered which were not perceptible to listeners. Even in their
fluent speech, stutterers denonstrated a failure to assimlate
adj acent phonetic segnents, particularly in the normal transition
of second formant (Agnello, 1966; Agnello and Buxtom 1966).
Specifically, they found that stuttered speech was markedly abnorm
characterized by limted variance in formant structure, conpressed
frequency at the |Iower end of the speech spectrum shorter phona-
tion durations, lack of coordination between voicing and specific
articulatory novenent and nunerous instances of coarticulatory
failures. Repetitive stutterings occured because the appropriate
transition pattern toward the next sound was not achieved. These
have been interpreted as 'hanging on' attenpts to approximate the
next required articulatory target (Agnello, 1975; Agnello and Goeh
1965; Agnell o, Wngate and Moulin, 1970).
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Tat ham (1973) has denonstrated a nunber of coarticul atory
I nfl uences during stuttering by analyzing the tenporal relation-
shi ps between EM5 trace fromthe upper lip (orbicularis Ois) and
t he acoustic signal. Conparing fluent versus stuttered productions
of "may be', significantly |longer durations of EMS activity were
observed between onset of the lip closure for /m and /1) conplete
closure for /m and (2) release of / b/ when 'may be' was stuttered.
In a nore definitive test, observations of EMG activity were
conpared in |ater segnments, all nonstuttered, as a function of
whether the initial /m was stuttered or not. Durations of EMG
activity during labial construction for /b/ (in 'may be') were
significantly greater for stuttered than for fluent utterances,
The reduction to nornal variability from/m to /b/ for stuttered
utterances suggests a 'settling down' effect in EMS activity as
the stutterers enmerged fromstuttering on/m into fluency on/b/.
Knox (cited by Guitar, 1975) found that stutterers denonstrated
| nappropri ate phonetic transitions and a slower than nornmal rate

of articulation in the fluent syllables prior to stuttering.

However, the coarticulatory 'deficiencies' has not been con-
sistently observed with stutterers. Freeman and Ushijinma (1975)
found, that in the stuttered and fluent productions of the word
‘causes', there was activity in the tongue directed at elevating
the tipto the alveolar ridge for the "devoiced / z/" during the
initial repetition/ka/ (k  k ziz). Hutchinson and Vatkin
(1974) reported that only 12%of the stutterings they studied were



18

characterized by abnornal phonetic transitions characteristic

of coarticulation. Mntogonery and Cooke (1976) in a spectro-
graphi c and perceptual study of part word repetitions found that
consonant duration of stuttered CV's were approxi mately 40 Msecs

| onger than non-stuttered sanples fromidentical contexts.
Surprisingly, however, the durations of vowel segnents were
practically identical in stuttered and fluent segnents. Unlike
Agnel 1l 0's (1966) report, Mntogomery and Cooke (1976) found that
69%of the stuttered segnment had formant transitions, however,

in many cases different fromthose in fluent segnments. Signifi-
cantly, there was no evidence that the stuttered segnments contained
an i nordi nate percentage of schwa vowel occurrences, a prediction
nmade by Van R per (1971) and others. Al these findings contradict
the notion that coarticul atory novenents do not occur during

stuttering.

A nunber of studies, though they did not address the concept
of coarticul atory aspect of stuttering as such, neverthel ess,
inply that coarticulation could be inpaired in stutterers speech.
Shapiro (1980) in an EM5 study, found physiol ogi cal differences
in terns of excessive nuscle activity, inappropriate bursts of
activity and simul taneous contracti on of agonists and antagonists in
the dysfluent and fluent utterances of stutterers. These findings
inply that when there is abrupt, excessive contraction of antegoni st
the appropriate articulatory configurations required for integrating
the sound in question to the succeedi ng sounds nmay not be achi eved

and hence, stutterers speech (both fluent and dysfluent) nay be
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characterized by absence of required coarticulation. Simlarly,
sone findings of Zi nmerman(1980a, 1980b) I|ike the differences bet-
ween the stutterers and the normals in the interarticular posi-
tions achieved, lowering of |ip or jaw, |onger durations between
articular nmovenent onset etc. inply the absence of required coarti -
culation in the stutterers speech. (Wlls (1983) found that CV
conmbi nations were frequently stuttered than VC conbinations. This
coupled with Van Ri per (1971) and wingate's (1976) notions inply

t hat CV sequences were stuttered nore than VC sequences because

t he consonantal configurations were not appropriate to be inte-

grated with succeedi ng vowel s.

Al'l these research findings inplicate coarticulatory "defi-
ciencies" in the speech of stutterers, but the nature of such
"deficiencies' have not been delineated for the nost part. Further
t he findi ngs have not been unequivocal. Stronsta (1965) and Agnello
(1966) maintain that stutterers' speech with characterized by absenc
of second formant transitions while another group of researchers
(Hut chi nzon and wat ki n, 1974; Freeman and Ushijim, 1975, Montgonery

and Cooke, 1976) report that formant transitions are present in the

stutterers' speech but that they are different fromthose found in

nor mal speech. Noneof t heseacontrol groupof normal speakers

st udi es haveenpl oyed/i nt heirinvestigation. Thereforeanore
conpr ehensi ve st udy of thesecondfornmant transitionsinthespeech
of bothinorder stutterersandnormal si swarrantedi norderto

define the nature of coarticulatory transitions and their deviations,

if any, in the stutterers' speech.
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Coarticul ation has been studied in many ways; Analyzing
prinmarily the acoustic wave (Chnan, 1966; Stevens and House,
1963; Stevens, House and Paul, 1966); enpl oyi ng el ectronyography
to study the nuscle activity along with an anal ysis of acoustic
wave (Harris, Lysaught and schvey, 1965; MacNeil age, 1963; Chman,
1967) enpl oying the ci nefl uorographi c technique to observe the
articulatory noverent (Arernman, Daniloff and Mol |, 1970; Danil off
and Mol |, 1969; Londbl om 1968); enpl oyi ng el ectropal at ographi c
and phot ogr aphi ¢ techni ques (Kozhevni kov and Chi stovi ch, 1965);
and t hrough perceptual studies (Ali, et al, 1971; Ginmm 1966;
Kuehn and Mol |, 1972; Lehiste and Shockey, 1972; Lindbl omand
St uddert - Kennedy, 1967; Montogonery and Cooke, 1976). The tech-
ni ques of acoustic anal ysis, electronyography and percept ual
anal ysi s have been enployed in the studies on coarticul atory

aspects of stutterers speech.
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METHODALOGY

The present study enpl oyed the techni que of analysing the
acoustic wave to study the coarticulatory patterns in the speech

of stutterers.

The aimof the present investigation was to study the transi-
tory characteristics in the speech of stutterers and nornals.
Specifically, this study ained to investigate whether the termnal
formant frequency transitional values in the stutterers fluent and
di sfluent segnents are influencedbythe nature of the trans-conso-
nantal vowels in VCV sequences. The study prinmarily ained at
neasuring the formant frequencies (first and second formants) and
formant frequency transitions in fluent and di sfluent utterances
of stutterers and to conpare this with fluent utterances of norna

speakers.
Subj ect s:

TWD adult male stutterers and two nornmal adult nal e speakers
served as subjects in this experinent. The age range of the subject
in the stuttering group was from20-23 years and in the nornma
group from22-24 years. The stutterers were all receiving or had
recei ved speech therapy for stuttering sonetinme in the course of
their problem The two sutterers were clinically judged to have

ml d degree of stuttering.
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The stuttering group was matched with a group of two nornal
speakers whose educational, social and |inguistic backgrounds were
conparable with those of the stuttering group. Al subjects in
the two groups were native speakers of Kannada and coul d adequatel y

read Kannada.
Materi al s:

The speech stimuli consisted of VCV sequences (See Appendi X) .
The techni que of anal ysis enployed inthe present study (analysing
t he acoustic wave) necessitated the use of VCV rather than any ot her
type of speech sequence. The phonenes sel ected consisted of md
low (a), front high (i) and back high (u) vowels. Anong the conso-
nants sel ected were both voi ced and voicel ess, slightly aspirated
bilabials (p, b)retroflexes (t, d) and the Velars (k, g). Thus,
ni ne speech sounds were selected. Al vowels are phonemcally short

and covered all places of articulation.

Usi ng these nine speech sounds and t he honorganic clusters of
t he consonants, 54 (3x6x3) nonsense disyllabl es were construct ed.
I n such VCV sequences, vowels appeared in both initial and final
positions with each consonant appearing in the nedial position

(eg. apa, api, apu; ipa, ipi, ipu; upa, upi; upu; ata, ati, atu etc)

Testing Procedure:

Subjects were tested individually ipa sound treatedroom and

the testing procedure and test environment for both groups of subject
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was indentical. The sequences in the list were presented in a
random and count er bal anced order and the sane order was followed
with both the subjects in each group. To avoid the possibilities
of direct adaptation effect, care was taken to ensure that no
two syllable sequences with the sane initial vowel or consonant
occurred back to back. Each VCV sequence was neately witten on
a 6"x3" card and was presented to the subjects to be orally read
by them Subjects were instructed to reach each card, in their
natural reading. Style and not stressing (or to give equal stress
on all syllables) any syllable in any of the sequences. Al
readi ngs of the subjects were recorded on the internal tape
recorder of the spectrograph (spectrograph INC 700 series). The
m crophone was kept at a constant distance of 8 cns fromthe
subject's nouth. The interval between the presentation of any
two cards was 4 secs. Subsequently, two spectrograns were
prepared for each sanple, set at w de-band (300Hz) and narrow
band (45Hz) filter and passed through the scale nagnifier set
to display 50 to 8000Hz. Thus, 432 spectrograns were obtai ned
and later analysed. Al tracings were nmade with the sane
spectrograph control settings and thus each spectrogrammay be

conpared with any of the others.

Measur enent of Formant Transitions:

The techni que of Chrman (1966) for the nmeasurenent of second

formant transitions was followed in the present study. The
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frequency of the second formant was neasured in the stationary
part of the initial and final vowel as well as at the begi nning
and end of the closure of the stop consonants. Thin lines were
drawn with a pencil so as to follow the centre of the second
formant bars as seen in the spectrograns and vertical lines were
drawn at the beginning and end of the stop closure. The second
formant frequencies were neasured at the point where the verti cal
lines intersected the formant |ine. Frequency nmeasurenents thus
nmade were | ater rechecked by a speech pat hol ogi st - phoneti ci an.
Frequenci es neasured in this fashion were accurate within | ess

t han 50 cycl es/ sec.
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RESULTS AND DI SCUSSI ON

The essential interest of this study was the spectrograph
patterns of the co-articulatory transitions in the stutterers
speech. Specifically the main interest was to anal yse the second
formant transition in the fluent and disfluent utterances of
stutterers and to conpare these with the fluent utterances of
normals. In the present study, though each stutterer read 54 VCV
sequences none gave a stuttering block on any of the sequences.
Therefore, conparison of co-articulatory transitions in the fluent
and disfluent utterances of stutterers could not be made. No
effort was made to put any of these data to statistical test for
several reasons;

1) Overall pattern features were evident to visual inspection and

a sinmple quantification would be sufficient.

2) Statistical tests and inferences would have been superfluous
since the major analysis, that of conparison between fluent
and disfluent segnents of stutterers, could not be undertaken
Therefore, the present study focussed on a descriptive analysis
and resorted to reporting of trends instead of a statistica

test of hypotheses.

Tables 1 and 2, give the average first formant transitions
for the vowel s preceeding and succeeding the consonant, respectively

while Tables 3 and 4 give the average second formant transitions
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found in the fluent utterances of normals and stutterers. A note
regarding the interpretation of the data given in the tables is
appropriate here. The nunbers /699-588/ given in the first colum
first row of table-1 should be interpreted in the follow ng way:
(1) there was downward transitory novenent of the first formant.
'699" denotes the frequency of the formant nmeasured in the nost
stationary part of the vowel while '588 denotes the termna
frequency of formant transition nmeasured in the nei ghbourhood of
stop gap. The nunber '111' denotes the difference between the
steady state and transition values and refers to the extent of
transition. The sign (+) proceeding '111' denotes rising (+) or

falling (-)formant.

Figures 1 and 2 show the spectrograns of fluent utterances of
normal s and stutterers. The procedure of drawing |lines to neasure
the steady state and transition values of fornmants has been indicate
in these spectrograns. The follow ng observations can be rmade from

Tables 1-4 and figures 1-2.

(1) Rsing or falling transitions of first and second formants
were the sanme in the fluent utterances of normals and stutterers.

This was true for both the initial and final vowels of VCV sequences,

(2) However, there were sone exceptions to this general rule
(See figures 1-2). For eg., (i). When the second formant of the

initial vowel was falling in the speech of normals, it was steady
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Figure-1l: Spectrograms of fluent productions of /agu, ata, ada/ of
normals (left side) and stutterers (right side). The difference

in coarticulatory transitions observed in these spectrograms are (1)
falling second formant of the initial vowel in normals while it is
steady in stutterers (Fig.la and 1b) (ii) falling second formant of
the final vowel in normals while the same is rising in stutterers
(fig. 1lc and 14).



a.Ca)l

2( 5)

il

. “].]-J..{:”iiél.lul“l".
‘I'f!m"!lllll'!!-' il

2(e)

oo i

=

P'TD



31

in the fluent utterances of stutterers (Figures |la-1b); (ii) when
the second formant of the final vowel was steady in the speech of
nornmal speakers, the same was rising in the fluent utterances of

stutterers (Figures 2a-2b).

(3) The extent of transition of the first formant (the diffe-
rence between steady state and termnal values) for both initia
and final vowels in the fluent utterances of stutterers is different
fromthose of normals. The extent of transition was |ess for
vowel s /a/ and /u/ and nore for vowel /i/ intheinitial position

but less in the final position.

(4) The first formant transition for vowel /u/ in the initia
position shows a falling trend in the speech of nornal speakers
whereas such a trend was not observed in the case of fluent utterance
of stutterers (Table-1); simlarly, first formant transitions for
the final vowels /i, u/ indicated a rising trend in the speech of
nornmal speakers, but such a trend was absent in the fluent utterances

of stutterers (Table-2).

(5) The extent of second of formant transition for initia
vowels /a, i/ was less in the fluent utterances of stutterers com
pared to nornal speakers. However, for vowel /u/, it was less for

consonants,/p,t, and b, d/ but more for consonants /k, g/ (Table-3).

(6) Extent of second formant transitions for all vowels in the

final positions was nore in the fluent speech of stutterers when the
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formant frequencies were rising. For eg. vowels /a, u/ adjacent
to consonants / p, b/; vowel /i/ with consonants /t, k and d, g¢/.
On the other hand it was | ess when the formant frequencies were
falling. For eg. vowels /a, u/ with consonants /t, k, d, g/;

vowel /i / wth consonants /p, b/.

Tables 1 to 4 give enough evidence to indicate that the fluent
utterances of stutterers were different fromfluent utterances of
normals in regard to the formant transitions. This is in confor-
mty with the results of Agnello (1966) and Agnell o and Buxton(1956).
Specifically, though the direction of transition (i.e. rising or
falling) was the sane. for the nost part, in the fluent utterances
of both groups of subjects, the extent of such transition was diffe-
rent between the two groups. The extent of transition was |less for
vowels /a, u/ while it was nore for vowel /i / which sinply indicates
that even in the fluent speech of stutterers, the appropriate confi-
gurations for the vowel preceding a stop consonant were not achieved.
These observations indicated that sutterers speech articulators nove
towards proper articulatory configurations required for the phonene
I n question but, they were not fully achieved. This, ofcourse, is
only a prediction fromthe acoustic data coupled with what is known
about nornmal articulatory dynamcs. This has to be experinentally

verified in the future.

I n nornmal speech, the configurations required for proceedi ng

and succeedi ng vowel are influenced by the consonant in between. For
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eg., the first formant of vowel /u/ showed a falling tendency

when it was followed by a stop consonant. This was not observed

in the fluent speech of stutterers where the first formant did

not show any transition (steady formant). This sinply indicates
that the juncture formants were absent even in the fluent utterance;
of stutterers. In other words, it indicated that stutterers failed
to assimlate adjacent phonetic units even in their fluent speech.
It is not known whet her these acoustic irregularities, seen on
spectrogranms, would be perceived by the |isteners and hence, needs

to be verified.

I n sunmary, the above observations indicate the follow ng
trends: *
1) The fluent utterances of stutterers are not the sane as

t hose of normal speakers in terns of formant transitions.

2) Stutterers do not achieve the articulatory configurations
required for assimlating the adjacent phonetic units even in

their fluent speech.

3) Stutterers do not show functure formants that are necessary
for integrating vowels with succeeding stop consonants even in

their fluent utterances, and
4) Stutterers do show a number of co-articulatory transitional
"deficiencies' even in their fluent utterances.

*'All these trends' are hypothetical in nature and should be
vigorously tested in future.
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Spectrograns shown in figures 3 and 4 point to anot her
characteristic of formant transitions in the fluent speech of
normal s and stutterers. This refers to the mssing second fornant
of theinitial or final vowels, particularly of the initial vowel,
in the fluent utterances of stutterers. Such a feature was not
observed in the fluent utterances of nornmals. The significance
of this feature is not known at this point of tinme, but |ends
credence to the viewthat the stutterer does sonething to change

the second formant transitions even in their fluent speech.

The spectrograns in figures 5 to 10, point to a feature of
speech production which has not been reported in the literature
hitherto. The reference is to the second formant transition of
vowel /a/, shown by one normal speaker, where the formant is both
rising and falling at the sane tinme. This was observed in the
initial as well as final position of VCV sequences. Research
directed towards duplicating this finding as well as ascertaining

its significance is warranted.
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Figure-3: Spectrograns of fluent utterances of normal speakers
(3a, 3c) and stutterers (3b, 3d). Note the m ssing second
formant in the utterances of stutterers (initial vowel figure
3b ' final vowel 3d).
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Fi gure-4: Spectrograns of fluent utterances of normal speakers
(4a, 4c) and stutterers (4b, 4d). Note the m ssing second
formant in the utterances of stutterers (initial vowel

fig. 4b and4d ).
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nor nal Note the second formant rising and falling
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Figure-7: Wideband
and narrow band
spectrogram of /uda/
of normal speaker.
Note the second
formant rising and
falling at the same
instance of time,

Figure-8: wWide band
and narrow band
spectrogram of /ida/
of normal speaker,
Note the second
formant rising and
falling at the same
instance of time.
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Figure=9: wide
band and narrow
band spectrogram
of /agi/ of
normal speaker,
Note the second
formant rising
and falling at
the same

I

instance of time.

Figure-10s Wideband
and narrow band
spectrograms of /iga/
of normal speaker,
Note the second
formant rising and
falling at the same
instance of time.
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SUWARY AND RECOMMENDATI ONS

Inspite of the theoretical sinplicity and appeal of the
notion that stuttering reflects a lack of coarticulation, it
has received little recent enpirical support. The purpose of
t he present study was to anal yze the extent of first and second
formant transitions in the fluent and di sfluent speech of
stutterers and to conpare this with the fluent utterances of
normal speakers. The techni que of anal yzing the acoustic wave
was enpl oyed to test the problemselected. A list of 54 VCV
nonsense di syl | abl es consi sting of short vowels /a, i, u/ and
stop consonants /p, t, k, b, d, g/ was constructed. The subjects,
2 stutterers and 2 nornal speakers, orally read this material in
a randomorder, fromthe recordi ngs of which both w de band and
narr ow band spectrograns were made. Al together 432 spectrograns

wer e prepared and anal ysed.

No effort was nade to put the data to any statistical test
(Results and D scussion) but on the other hand the data were
descriptively analysed. As the stutterers did not emt even a
single stuttering block on any of the VCV sequences, conparison
between the fluent and disfluent utterances in regard to fornant
transitions could not be made in the present study. However, a
conpari son between fluent utterances of stutterers and norna
speakers was nmade. Results indicated that, though the rising and

falling trend of the formant frequency transition was the sanme in
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fluent speech of stutterers as it is in the normal speakers
(contrary to the findings of Agnello, 1966), the extent of

such transitions was different in the two groups of subjects.

In general, the data obtained in the present study indi-

cated the followng trends:

1) the fluent utterances of stutterers were not the sane

as fluent utterances of normal speakers,

2) even the fluent utterances of stutterers manifested
a nunber of coarticulatory transitional differences when conpared

to the utterances of normals, and

3) the coarticulatory "differences' found in the fluent
utterances of stutterers indicated that the articulatory configu-
rations required for the production of a phoneme in question were

not fully achieved.

These observations, in general, | ed credence to the notion
that the fluent speech of stutterers is not the same as the fluent
speech of normals speakers (Wendahl and Cole, 1961? W lliams, 1951)
and is also consistent with the |arge body of literature on

linguistic factors in stuttering.

Two other Observations were made from the spectrograms which

were not very consi stent.
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(1) the second formant was mssing in a nunber of VCV
sequences in the fluent speech of stutterers. Such a feature

was not observed in the speech of normals, and

(2) the second formant of vowel /a/ was both rising and
falling at the sanme instance of transition in sone utterances
of a normal speaker. The significance of this is not known
at present, but this is a unique feature that has not been

observed or reported in the past.

Al'l the observations nentioned above, except the |ast one,
warrant vi gorous experinentation on the coarticulatory aspects

of stuttering in the future.
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VCV Sequences

APPEND! X

Vowel s /a,i,u/ and consonants /p,t,k,b,d,9/.

| apal
[ api/
/ apu/
/i pal
lipil
/i pu/
/ upal
[ upi /

[ upU

/ata/
/ati/
/atuf

/ita/

[ akal/

[ aki /

/ aku/

/i kal

likil

/1 ku/

/ uka/

[ uki /

[ uku/

[ abal/

[ abi /

[ abu/

/i ba/

[ibi/

/i bu/

/ uba/

[ ubi /

/ ubu/

/ada/
/adi/
/adu/
/ida/
/idi/
/idu/
/uda/
/udi/

/udu/

/ agal
/ agi /
/ agu/
/igal
[igil
/i gul
/ ugal
[ ugi/

[ ugu/



