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CHAPTER |

| NTRODUCTI ON

The fluency disorder, stuttering has been a "conplicated
mul ti di mensi onal jigsaw puzzle wth many pieces stil
m ssi ng. It is also a personal, social and scientific

problem w th many unknowns"

(Van Ri per, 1982)

Wngate (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
repetitions or prolongations in the utterance of short speech
el ements, nanely sounds, syllables and words of one syll able,
(c) These disruptions usually occur frequently or are narked

in character and (d) are not readily controllable.

2. Sonetinmes the disruptions are (e) acconpanied by
accessory activities involving the speech apparatus, related
or unrel at ed body structures or st er eot yped speech
utterances. These activities give the appearance of being

speech related struggle.



3. Also there are not infrequently (f) indication of the
presence of an enotional state ranging from a genera

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

or |like.

4. The imediate source of stuttering is sone in-coordination

expressed in the peripheral speech mechani sm

Several interesting theories have been put forth to
explain the occurrence of dysfluencies in speech. Stuttering
has been viewed as caused by organic/psychol ogical problens

or by | earning.

Oton (1927), Travis (1931) and Bryngelson (1935)
putforth cerebral dom nance theory, according to which
stuttering 1is attributed to inability to achieve the
laterality which disturb the synchronization of timng
patterns from both hem spheres to their nuscle groups. West
(1943) views stuttering as a mld or latent form of epilepsy
called pyknolepsy which could be precipitated by various
kinds of stress or a mld formof subclinical cerebral palsy.
Stuttering also cane to be viewed as a neurogenic disorder
(Szondi 1932, Seenman 1934, Rosenbeck 1985). Evi dence for
this cones from the neuronuscular difficulties and the
inbalance in the functioning of the synpathetic and

par asynpat heti c system



The mddle of 20th century saw the advent of nmany
psychogenic views of stuttering. Johnson (1955) advanced
di agnosogeni ¢ theory, according to which stuttering devel ops
due to m sdiagnosis nmade by the parents. Shanmes and Sherri ck
(1963) have identified stuttering as an operant behavi our and
state that it is a learnt behaviour which gets reinforced

initially and persists.

Brutten and Shoenmaker (1967) <consider stuttering as
failure or disruption of fluency resulting from enotional
arousal that has becone associated with speech and speech
related stimuli through a process of classical conditioning.

Bl oodstein (1969) proposed anticipatory struggle hypothesis.

Lee and Black (19 ) canme out wth interesting findings
on subjecting the stutterers and non-stutters to different
delays (in duration) in auditory feedback conditions. There
was evidence for the possibility of delayed auditory feed
back nechanism in stutterers which lead to dysfluencies.
Wngate (1969, 70, 76, 79, 84) has called stuttering as a
prosodi ¢ disorder. This was based on the finding of
significant relationship between stuttering and I|inguistic

Sstress.

Freeman and Ushijima (1970) reported sone distinct
patterns of |laryngeal abnormalities in stutterers. St udi es
based on voice onset tinme, voice and speech initiation also
indicate l|aryngeal abnornalities in stutterers. Van Ri per

(1982) summarized several sources of evidence for enphasizing



that timng disruptions in the progranm ng of novenent of
speech nuscles leads to stuttering. Though several views
prevailed over the years, it is still believed by many
researchers (More and Haynes 1980, More and Lorendo 1980,
Moore 1984, Strub, Black and Naeser 1987, Fitch and Batson
1989) that a reversed or absence of domnance is the root
cause of t he probl em in stutterers. Vari ous
neur ophysi ol ogi cal nmeasures have been used to explore
cerebral dom nance in stutterers which include EEG (More and
Haynes 1980, Mbore and Lorendo 1980, Moore 1984, Strub, Black
and Naeser 1987, Fitch and Batson 1989), Dichotic tasks
(Qurry and Gegory 1969, Li ebetrause and Daly 1981)
Tachi stoscopic studies (More 1976, Hood and Haynes 1983),
and Regional cerebral blood flow (Wod, Stunp and MKeehan
1980) .

The results of these studies indicate poorer performance
by stutterers and support the theory that stuttering may be

related to anonol ous cerebral dom nance both as functional as

well as structural based. However, there results are
equi vocal and need to be supported further. In this context,
the present study is planned. The aim of the present

research is to investigate the laterality, if any, present in
stutterers by neans of evaluating reaction tine to the speech
stinmuli presented in right/left ears. If Jlaterality
difference is found it would support the theory of cerebral

dom nance.



CHAPTER ||

REVI EW CF LI TERATURE

" speak of it as an arrested state of neural
devel opnent. The conplete maturation for a highly
corticalized, one sided gradient for snooth verbal expression
does not attain in young dysphemc whose "stuttering" is
apparent at the tine of speech onset. The nechani sm of
central anbilaterality attains, thus making it difficult for
the peripheral speech nuscles to function in a synchronised

manner".

(Bryngel son, 1943)

This opinion has persisted all through these years and
sever al met hodol ogies have been =evolved to investigate
laterality in stutterers. In the follow ng section, studies

under various nethodol ogies will be reviewed.

1) Handedness:

Ohe of the strong argunents used as an etiological
factor is stuttering has been the finding of an unusually
high incidence of | ef t handedness anbng stutterers.
(Bryngel eon 1939, Hecan and A uriaguerra 1964, Geschw nd and
Behan 19 84) .

Hecan and Ajuriaguerra (1964) examned a group of 90
stutterers, and reported that on a test of manual dom nance,

30% were strongly right handed and 15% were strongly left



handed, but 55% showed poor or inconplete lateralization.
However, Kennedy (1945) said that it is a chance factor that
handedness and | anguage have sane dom nance, as these are two

different entities and have different genetic origin.

2) Neurophysi ol ogi cal Measures:

Wth the advent of neurophysiology and its |anguage
i nplications several neurophysiological tools have been used
to explore the cerebral dom nance of stutterers (Knott and

Tj oseen 1934).

EE6 St udi es:

EEG has been used as an effective nmeasure of dom nance
by neans of suppression of the alpha waves. G eater
suppression is seen in the hem sphere domnant for a

particul ar task.

Moore and Haynes (1980) studied alpha hem spheric
asymetries of normal speaking nmales, normal speaking fenales
and male stutterers with EEG during exposure to connected
speech and connected nonlinguistic stinuli. Stutterers
showed significantly less alpha in their right hem sphere for
both verbal and non-verbal tasks. The findings were
suggestive  of possible variables affecting hem spheric
processing and suggested that stuttering may be a result of
[inguistic segnmentation dysfunction. That is, as right

hem sphere is not domnant for segnmentation task its



dom nance leads to a segnentation dysfunction and hence

stuttering.

Moore and Lorendo (1980) studied alpha hem spheric
asymmetries of non-stuttering males, nonstuttering fenales
and stuttering males wth el ectroencephal ographi c procedures
during exposure to two lists of one-syllable words which the
subjects were required to recall follow ng presentation. One
word list contained |owimgery words while the other
cont ai ned hi gh-i magery words. Thirty subjects conprised the
experimental sanple. Ten were non-stuttering males, ten were
non-stuttering fenmales in the age range of 18-30 years.
Stuttering males were found to have significantly |ess al pha
in their right hem spheres suggesting right hem spheric
processi ng strategies. Differential hem spheric asymmetries

for words of high or |owinagery were not observed.

Moore (1984) conducted a single subject double reversa
experinmental design to study the use of EMG biof eedback on
dysfluent behaviours of a right handed male stutterer. A
systematic decr ease in EM5 anplitude acconpanied a
progressive approximtion of increased verbal conpl exity
resulting in increased fluent behaviour. EEG dat a gat hered
during pre and post treatnent sessions appeared to covary
with changes in fluency wth right hem spheric al pha
suppression associated wth greater dysfluency and left
hem spheric al pha suppression wth decreased dysfluencies.

These are relative to stutterer's adoption of differing



behavi oural production strategies for fluent speech that are
associ at ed with hem spheric information processi ng

strategies.

Strub, Black and Naeser (1987) studied two |eft handed
siblings with devel opnental stuttering. The nmethods of study
included speech and |anguage evaluation, neurological and
neur opsychol ogi cal exam nations, dichotic listening, auditory
evoked responses, el ect roencepht al ogram and Ccr scan
assymmetry neasurenents. The data from each sibling showed
evidence of anomalous cerebral dom nance on nmany of the
vari abl es investigated. The CT scan neasurenents showed
atypical asymetries, especially in the occipital regions.
These findings support the theory that stuttering may be
related to anonal ous cerebral dom nance, both on functional

as well as structural bases.

Fitch and Batson (1989) conpared hem spheric al pha wave
suppr essi on in stutterers and non-stutterers while
participating in auditory verbal, auditory-nonverbal, visual-
ver bal and visual - nonver bal t asks. 12 right handed
stuttering nmal es between 10-15 years of age were taken. 75
nonosyl | abi ¢ nouns and verbs and an audi o-taped presentation
of 75 puretone and narrow band noise were presented. The
results indicated no hem spheric asymetry for non-stutterers
in any of the conditions. However, significant assymetry

was found for stutterers in all conditions.



| ngham Fox, Ingham Zamaripa, Mrtin, Jerabek, Cotton
(1996) wusing PET neasurenents studied resting-state regiona
cerebral blood flow (CBF) in 29 right handed nen, 10 of whom
stuttered. PET inmages were analyzed by sanpling 74 regions
of interest, 37 per hem sphere. These placenents were gui ded
both anatom cally and physiologically. Results revealed no
significant bet ween-group  differences in CBF val ues.
Analysis by a laterality index found a weekly significant
between group effect that was isolated to five regions, four
of which are inplicated in speech and hearing. These
findings do not support recent suggestions that devel opnenta
stuttering is associated wth abnormalities of brain blood
flow at rest. Rat her, they indicate an essentially nornal
functional brain terrain with a snall nunber of m nor

di fferences in hem spheric symetry.

3) Dichotic Tests:

These are tests frequently used to asses dom nance of a
particul ar hem sphere for a particular stimuli. I n normal e,
majority of the time a left hem sphere dom nance (right ear

advant age) i s obtained.

Curry and Gregory (1969) tested 40 adults, 20 stutterers
and 20 non-stutterers, on a nonotic verbal listening task and
three dichotic Ilistening tasks, one verbal and two non-
ver bal . The subjects were in the age range of 18-30 years,
all were right handed I ndi vi dual s. Stutterers showed

higher left and right ear scores as well as difference scores
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between ears on the dichotic verbal task than did non-
stutterers. 75% of the non-stutterers obtained higher right
ear scores on the dichotic verbal task, whereas 55% of the
stutterers had higher left ear scores. No differences were

found between the two groups on the other tests.

Li ebetrau and Daly (1981) undertook an investigation to
determne the significant differences in auditory processing
and perceptual abilities Dbetween 1) stutterers as a
supposedl y honbgenous group, 2) two differentiated sub groups
of stutterers, 3) either of the subgroups when separately
controlled with controls dichotic Ilistening and M.D tasks
were adm nistered to two groups of school age stutterers and
an age-matched non-stuttering control group. Two groups were
obtained 1) Oganic stutterers who perforned significantly
poorer on MD and functional stutterers who perfornmed nore

i ke control subjects.

4) Tachi stoscopi ¢ Studi es:

Moore (1976) used bilateral tachistescopic procedure to
investigate the visual hal f-field preferences of 15
stutterers and a group of 15 normal controls in the age range
of 17-29 years. Stimulus words were of four pairs which were
phot ographed vertically on 35mm projector slides. The
subjects task was a one-response, free recall task.
Statistical analysis indicated a right wvisual half-field
preference for the control group. In contrast, a significant

visual half-field preference was not revealed for the
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stuttering group. However, further analysis revealed that a
significantly larger proportion of stutterers, denonstrated a
| eft vi sual half-field preference, indicating reversed

cerebral processing for the stuttering group.

Hood and Haynes (1983) studied |inguistic processing by
the right and left cerebral hem spheres in 10 adult nale
stutterers and 10 matched nonstutterers. Subj ects perforned
on a lexical decision task in which non word and real word
stimuli were presented tachitoscopically to the right and
left visual hemfields. Vocal and manual reaction tinmes to
real words were neasured to assess hem spheric participation
in processing linguistic informtion. The stuttering group
exhibited a left visual field efficiency or right hem sphere
preference for this task and were slower in both vocal and

manual reaction times.

5) Regional Cerebral Blood Flow Studies:

Wod, Stunp and MKeehan (1980), found increased bl ood
flow in the left Brocas area in the non-stuttering nornmals
while in stutterers, there was an increase in flowin the
right Brocas area during a notor task indicating reverse

|aterality in stutterers.

Thus, a general conclusion which can be drawn fromthe
above studies, though not unequivocally believed, 1is that
stutterers as a special population have reversed or m xed

cerebral dom nance.
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6) Reaction Tine Studies:

Mot or performance has been used by researchers to tap
central nervous system perfornmance. Reaction time studies,
are the nost comonly cited ones in literature to assess
notor performance. The inplications of these studies
generally vary from an overall defective or slow notor
programm ng to involvenent of higher programmng deficit in

stutterers.

Wiile going through literature, one can appreciate the
clear change in trend in terns of the reaction tinme studies
their interpretation and inplication in the special
popul ation of stuttering. Though initially these studies
were used as a nmeans of studying laterality in stutterers,
|ater they were used as independent tools to neasure notor
performance in stutterers. Results of these studies also
lead to a corresponding increase in physiological studies
(EM5 EEG etc.). Sinul taneously a parallel school of
t hought arose which considered a higher progranmng as a
cause for longer reaction time in stutterers. Mre recently,

stuttering is considered as a phonol ogi cal encodi ng defect.

Wngate (1976) reviewed conditions which enhance fluency
in stutterers and concluded that all these techniques had a
tendency to produce speech that prolonged and enphasized
vocal i zati on. This led to a spate of research on |aryngeal
behaviour in stutterers. This was followed by a nunber of

studies on vocal reaction time of stutterers and to conpare
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these reaction tinmes to those of nonstutterers. In an
attenpt to verify Wngate's hypothesis, Adans and Reis (1971)
tested the hypothesis that frequency with which vocalization
nmust be initiated in a given speech segnment and the frequency
of disfluency are positively related. Two passages were
construct ed. One passage was conposed entirely of voiced
speech sounds (all-voiced passage). The other contained both
voi cel ess and voiced sounds (conbined passage). Thus, in
reading the later material, subjects had to effect nore "off-
on" phonatory adjustnents that in the all voiced section.
Apart formthis difference, the passages were closely matched
along several other linguistic and phonetic paraneters.
Fourteen stutterers perforned five massed oral readings of
each passage. The subjects aged from 15-26 years.
Statistical analysis showed that there was significantly |ess
stuttering and nore rapid adaptation associated with the all -
voi ced materi al . The findings support the hypothesis. This
study was later replicated but was nonetheless criticized on

a nunber of nethodol ogical grounds.

Studies on Vocal Reaction Tine:

Adans and Hayden (1976) tested the hypothesis that
stutterers have difficulty initiating and termnating
phonation independent of the acts of running speech and
stuttering. 10 young adult stutterers served as the
experimental group. They were matched as a group for age and

sex with 10 normal speakers. Subj ects from both groups were
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tested individually. The experinmental task required that
subjects start and stop phonation as quickly as possible upon
hearing each menber of a series of 1000 Hz pure tones appear
and then disappear. Subj ects vocalizations were permanently
recorded on an optical oscillograph. Results showed that
both groups inmproved their voice initiation and term nation
times from the beginning to the end of the experinent.
Typically however, stutterers were significantly slower than

the control subjects on nost of the tenporal neasures.

Two explanations for this results were as follows:

1) It is possible that the act of stuttering, so frequently
marked by excessive constriction and tension in the speech
mechani sm nmakes the quick initiation of phonation difficult
or 2) The delay in voicing pronpts the speaker to repeat and
prolong his oral articulatory gestures until a stables voca

tone has been achi eved.

St ar kweat her, H rschman and Tannenbaum (1976) did a
study in which 11 stutterers and matched controls were asked
to produce as quickly as possible each of 26 different
syllables following a visual stinulus. Three trials were
given for each syllable. Responses were filtered to renove
supraglotally produced sounds, and the tinme between the
visual stinmulus and the onset of vocalization was neasured by
a voice-operated relay and a conputer's internal clock. The
results suggested that stutterers are slower in initiating

vocal i zation across a wide variety of syllables, and the
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difference averages about 65 nsec. Furthernmore, when
phonol ogi cal conditions delayed voice onset by a conparable
anount , the stutterers gained enough time so that no
significant differences were observed between the two groups.
The results are interpreted as suggesting that auditory
dysfunction cannot be a cause for slower vocalization
reaction tinme in stutterers but that either vocal dysfunction
or a lack of cerebral dom nance may be responsible for these

di f f erences.

However, in their zeal to confirm Wngate' s hypothesis
these studies failed to control for the possibility that
stutterers mght have had slower reaction times in non-
| aryngeal behaviour as well. This led to the study of
| aryngeal physiology during the stuttered speech interval to
consider the possibility that stutterers may not have the

sane |evel of speech notor control that non-stutterers have.

Studies on Laryngeal Physiol ogy:

Freeman and Ushijim (1978) neasured |aryngeal nuscle
activity during fluent and stuttered utterances via
el ect romyogr aphy. Subjects were four adult nales ranging
from mld to severe stutterers in the age range of 22-47
years. Five intrinsic laryngeal mnuscle activity (Posterior
Cricoaretynoid, interaretynoid, cricothyroid, thyroaretynoid)
were neasured. Analysis revealed that stuttering was
acconpanied by high levels of |aryngeal nuscle activity and

di sruption of normal reciprocity between abductor and
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adductor rnuscle groups. Results denonstrate the existence of
a laryngeal conmponent in stuttering and showing a strong
correlation between abnormal |aryngeal nuscle activity and

nonents of stuttering.

McFarl ane and Prins (1978) conpared neural response timne
(NRT) for 12 adult stutterers and 12 matched nornmal speakers
in the age range of 28 years to 38 years, on two verbal tasks
(production of [pad and [bad) and one oral, non-verbal task
(l'ip closure) in response to visual and auditory stinmulation.
The auditory response stimulus was presented separately to
the left and right ears, and the visual stinulus to both
eyes. NRT was defined as the tine interval between stimulus
of fset and the onset of electronmyographic (EM5 activity from

orbicularis oris superior nuscle. Results show, in general,

that stutterers are slow in NRT for all response tasks in
both stinulus nodes. Significant differences were found,
however, for only the auditory node. Anal ysis of the

di fferences between and within groups for response tasks and
stimulus nodes i ndi cative of timng disturbances in
stutterers. The results of this study were noteworthy as the
data suggested that a delay in reaction time could be
accounted for by means of a limtation in notor progranmm ng
and excecution or in ternms of the type of sensory nodality
used. To answer this MFarlane and Shipley (1978) did
another study the results of which revealed that stutterers
nmotor performance is slower when auditory perception is

i nvol ved in respondi ng.
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Around the sanme tine (1978, 80) Sternberg, Monsell,
KnolI and Wight perfornmed sinple reaction tinme tasks such as
counting natural nunbers, days of week etc; Results of all
these studies indicated an increase in reaction tine wth
| onger sequences. This led to the claimthat this increase
in reaction tinme was due to programm ng (higher |evel) delay

rather than a low |evel progranm ng (notor delay) deficit.

Si mul t aneously choice-reaction tasks were studied by
Kl app, Abbot, Coffrmann, Geim Snider and Young, (1979) where
in the subjects had to press a Mrse code key either for a
short press ('dit! response) or for a longer key press 'dah'
response. The subjects denonstrated a |onger reaction tine
for the latter. This difference however, was not present on
using the sinple reaction task, thereby making Kl app concl ude
that different task neasure different reaction tinmes and that
the prolonged reaction tine in stutterers could be the result

of programm ng deficits al so.

Shapes (1980) based on previous studies hypothesised
that: 1) each type of stutterers would exhibit a node of
| aryngeal nuscular dysfunction specific to that particular
group, 2) each stutterer would denonstrate idiosynchratic
| ar yngeal muscul ar behaviour and 3) the sane aberrant
| aryngeal nuscul ar behavi our described would be observed in
all stutterers. Subjects were 3 nmales and one fenal e ranging
in age from 20-24 vyears. Hooked wre electrodes were

inserted periorally and percutaneously.
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The subjects were presented with: 1) reading task with
and wi thout fluency evoking technique and 2) the nost feared
sounds for each stutterers were placed initially and finally
in an utterance and El ectronyographic recording was carried
out . Results revealed 1) excessive nuscular activity during
production of the utterance, 2) Poor coordination of nuscles
which commonly function reciprocally, and 3) inappropriate
burst of activity before and during periods of acoustic
si |l ence. Results also revealed significant degree of
difficulty in maneuvering the vocal cords approxinmately even

for the production of fluent utterance in stutterers.

Zi mmer mann  (1980), wused cinefluorographic techniques to
record articulatory novenents during fluent and disfluent
speech from four stutterers and control utterances from one
normal  speaker. Analysis of 11 perceptually disfluent
utterances were reported. The results showed that the:
1) interarticulator positions occuring in both perceptually
fluent and disfluent utterances of stutterere were unlike
those in fluent utterances of normal speaker, 2) aberrant
interarticulator positions preceded repetitive novenents and
static posturi ng, and 3) consi st ent interarticul ator
positioning preceded termnation of an oscillatory novenent.
These patterns according to Zi mrermann could be the result of
possi bl e neuronot or nechani sm invol ved in dysfluency. It was
suggested that reflex interactions anong the nmnuscles of

articulation m ght account for sone of these effects.
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These studies confirmed the presence of abnormal nuscle
activity in stutterers by the presence of high, poorly tined,
non-reciprocity of nuscles, thereby formng an interesting

expl anation for the reaction tinme results described earlier.

Studi es Conpari ng Manual and Vocal Reaction Tine

Cross and Luper (1978) tested nine stutterers and nine
non-stutterers at each of the three age levels (5 years, 9
years and 18 years and above), on response to the onset of
twentyone 1KHz tones by depressing the index finger of their
preferred hand on a response key. Finger reaction tinmes were
measured to the nearest mllisecond and conpared to the voice
reaction tine obtained from the sane subjects. Resul ts
revealed an increased speed and stability of the finger
reaction tinmes as an inverse function of age for both groups.
The stutterers, as a group, exhibited nean finger reaction
times which were significantly longer and nore variable than
those of the non-stutterers at each of the three age |evels.
H gh correlation also were found between the finger and voice
reaction scores for both the stutterers and non-stutterers.
Results support the inference that some stutterers may
exhibit difficulty in the consistent execution of notor
control strategies comobn to both speech and nonspeech

movenent s.

These finding were later challenged on nethodol ogical
ground by Reich, Till and Goldsmth (1981) who conpared the

reaction tines of 13 stuttering and 13 non-stuttering adults
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for forefinger button pressing, non-speech vocal initiation

and speech node vocal initiation. The stutterers and non-
stutterers were matched individually for age, sex and
handedness. The reaction tinme stinmulus in all response
conditions was the offset of a 1KHz puretone. Two of the

experinmental conditions required button pressing with the
right and left forefingers. The remaining four responses
required vocal fold vibration. The non-speech vocal activity
consisted of inspiratory phonation and expiratory throat
clearing. The speech node vocal activity required production
of the isolated vowels (A ) and the word (aAp#). The results
denonstrated that stuttering and non-stuttering adults
differed significantly only on tasks requiring speech
phonat i on. The results suggest that the |onger speech
wreaction tinme is exhibited by stutterers reflect |earned
anticipatory fears of phonatory initiation and nal adaptive

prephonat ory nuscl e set.

Watson and Alfonso (1982) studied |aryngeal reaction
time and voice onset tine between eight adult stutterers and
eight normals in the age range of 18 to 38 years. The test
stimuli presented was a 1 KHz puretone presented binaurally
and a visual signal presented by an incadescent |anp |ocated
directly in front of the subjects. The duration of the
reaction signal randomy varied from 1-3 sec in |Isec
i ncrenents. Subjects were instructed to begin phonation
imediately at the offset of the reaction signal. Resul ts

reveal ed no significant group differences in |arngea
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reaction tinme and voice onset tine values. For eperi od
duration and severity of the subjects taken were explained as

possi bl e causes for the obtained results.

A further detailed study was done by Watson and Al fonso
(1983) on the effect of foreperiod and stuttering severity on
| aryngeal reaction time (LRT). The former was assessed by
the use of 13 foreperiod durations. The latter was assessed
by classifying experinental subjects as either mld or severe
stutterers. The study was done on 10 adult stutterers and 5
adult nonstutterers Stuttering Severity Instrument (Rley
1972) was used to assess severity of stuttering. Resul ts
indicated that both factors significantly affected LRT
val ues. Specifically, mld stutterers LRT val ues approached
nor mal values as foreperiod increased, whereas severe
stutterers LRT values remained significantly greater than
normal values at all foreperiods. Delayed Laryngeal Reaction
Time was indicated as due to differential posturing and/or
vibration initiation deficit wunderlying stutterers delayed

LRT val ues.

Borden (1983) studied severe stutterers aged 21-48 years
matched by sex, age and general educational/occupational
level and conpared them with eight normals. Two response
tasks nanely, speech counting and finger counting was taken
up. Results reveal ed severe stutterers to be significantly
slower than control subjects in performng a speech counting

task that was judged to be fluent and in silently counting on
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their fingers. For both counting tasks the tinme taken to
execute the nunmerical series accounted for nore of the
di fference between severe stutterers and controls than the
time taken to prepare and initiate the task. MIld stutterers
were not significantly slower than controls on either

counting task.

St arkweat her, Franklin and Smgo (1984) did a study to
1) assess whether slower reaction times of stutterers are
related to the etiology of the disorder or whether they are a
byproduct of it, and 2) to see if previously reported
correl ati ons between vocal and manual reaction tinmes resulted
fromlarge nunber of trails. 14 adult stutterers and nmatched
controls said 'uh' or pressed a button in response to the
offset of tones varying randomy in duration. Ten trails
were used. The stutterers were significantly slower in both
speech and non-speech tasks, but the correlations between
voi ce and manual reaction tines were not significant. This
suggested that stutterers slower reaction tinmes may be
obtained without using large nunmber of trails and that the
correlation between the two tasks may depend on the nunber of
trails used. The stutterers showed a significantly Iarger
di fference between vocal and nmanual reaction tinmes than the
non-stutterers. This suggested that the slower reaction
times of stutterers are not entirely a by-product of the

di sor der.
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Horii (1984) studied four types of voice reaction tines
for eight adult stutterers and eight control subjects using a
vocal shadowi ng paradigm The subjects were in the age range
of 22-34 years. A conputer was used to generate auditory
target stinmuli and to control the timng and order of the
stimulus presentation. The paraneters were Voice Initation
Time (VIT) and Voice Onset Tine (VOT) and voice frequency-
shift initiation and termnation reaction tines (SIT and
STT) . Results indicated that the stutterers were slower in
Voice Initiation Tine (M T) but were as fast as their contro
subjects in Voice Initiation Time (VIT), Speech Initiation
Time (SIT) and Speech Termnation Tinme (STT). It was
suggested that a [|aryngeal di sco-ordi nation problem of
stutterers lies primarily in the stage of adduction (turning
on the wvoicing) rather than in the stage of abduction
(turning off the voicing) or in finer frequency control at

the | arynx.

Long and Pindzola (1985) studied 10 stuttering and 10
nonstuttering children aged 4-8 years for a notor reaction
task to sinple and conplex linguistic stinmuli. The subjects
reacted by pressing one of four panels on a touch sensitive
board that depicted the appropriate semantic relationship in
response to 30 sinple and conplex linguistic stimuli. There
was a significant increase in the reaction time of both
groups with i ncreasi ng conpl exi ty. No signi ficant
differences were found in the reaction tinme between both the

groups nor in the interaction between group and conplexity.
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It was concluded that stutterers and nonstutterers in this
study did not differ in their reaction time nor in their

processing tinme of linguistic material.

Thus, though contradictory results have been obtained
majority of these studies point unequivocally towards the
fact that stutterers as a group have a longer reaction tine
than normals in all the activities. This delay in |aryngea
reaction tinme has given support to the hypothesis that
stutterers are likely to be neurologically less well equipped

for speech than are non-stutterers.

Peters and Hulstijn (1987) recorded response in the
| aryngeal, articulatory and acoustic donain sinultaneously
and neasured the time between the response signal and the
onset of speech which was divided into two intervals: 1) the
i nterval between the response signal and the first
mani f est ati on of physi ol ogi cal activity (to reveal
programming difficulties), 2) the interval between the start
of the first physiological activity and the onset of speech
(in co-ordination in nuscle movenents). The aim of the study
was to investigate whether a longer reaction tine in fluent
speech utterances of stutterers was the result of progranmm ng

di sorder.

The subjects taken were 11 nale adult stutterers in the
age range of 18-28 years and the control subjects were 10
mal e non-stutterers matched for age. The experinment followed

a reaction tinme paradigmwith two task conditions: an
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Tinme in both groups, nore so in stutterers. The analysis of
subintervals indicated additional tine taken by stutterers in
responding at earlier parts of response particularly for |ong
utterances. The results suggest difficulty in notor

programm ng in speech behaviour in stutterers.

Post ma, Kol k and Povel (1990) neasured speaking rates of
19 stutterers and 19 nonstutterers for three speech
conditions nanely silent, |ipped and overt. Two types of
stimulus sentences were used: tongue twi sters and matched
control sentences. The data showed that stutterers were
slower than nonstutterers for each conbination of stinulus
type and speech condition. The difference between stutterers
and nonstutterers was larger for |ipped speech than for
silent speech and was strongest in the overt condition.
These results suggested that speech planning is inpaired in
stutterers. Speech execution may be independently affected,
or, alternatively, the planning inpairnent may have stronger

repercussions with actual speech notor execution.

Ferrand, Gl bert and Blood (1991) evaluated aspects of
central processing and sinmultaneous |aryngeal function in
stutterers and nonsutterers wusing a recently devel oped
conti nuous flow nodel of phonat ory reaction tinme.
Si mul taneous neasures were nmade of P300 brain potential,
| aryngeal positioning novenents prior to vocal fold closure,
and onset of vocal fold vibration in 10 stutterers and 10

nor mal s. The tenporal ordering of these three events was
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evaluated and difference between the two groups exam ned.
Results revealed no significant difference in the vocal notor
or P300 response. Stutterers and nonstutterers appeared to
be using a simlar tenporal patterning. This nodel could be
used to obtain information regarding tenporal aspects of

central processing and |aryngeal function.

Jancke (1994) conpared 18 male stutterers and 16 nale
nonstutterers who were matched according to age and socia
status on the test words /kakakas/, /tatatas/ and /papapas/
with stress on the mddle syllable at two different speech
rates. Duration of phonation, voice onset tinme, and
coefficients of variation were conputed and analyzed.
Results revealed that stutterers produced, even during
nonstutterering periods, under repetitive articulation an
enhanced variation of voice onset tinme and an increased
variability for the duration of phonation associated with the
production of the first syllable. Further, this experinent
did not confirm the often reported difference in VOI and
vowel duration between stutterers and nonstutterers. The
present study supports the conclusion that the inportant
difference between stutterers and nonstutterers may be in the
relative tenporal variability of their speech notor contro
across repeated trials (Adane, 1987: Weneke and Janssen,

1987; Caruso, 1988).

Wjnen and Boers (1994) studi ed phonol ogi cal encoding in

nine stutterers and nine nonstutterers in a phonol ogical
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primng experinment. In each trial, the subjects were
required to utter one word from a set of five as fast as
possi bl e upon visual presentation of a related cue word. In
the so-called honogeneous conditiones the response words were
phonem cal | y unrel at ed. Results revealed that nonstutterers
had shorter speech onset latencies in honbgeneous than in
het er ogeneous conditions and the difference was |arger for
the words sharing both consonant and vowel than for words
sharing the initial consonant only. In nost stutters a
reducti on of speech onset occurred only when the words shared
both consonant and vowels. These results are taken to
indicate that in stutterers the encoding of noninitial parts
of syllables, particularly vowel, is delayed. The primary
synptons of stuttering-repetition or prolongation of syllable

initial segnents result from attenpts at executing a
syllable prior to the incorporation of correct vowel

information in the articulation plan.

Nl (1995) investigated abnormal articulatory tenporal
coordi nation anong adult stutterers. Five adult stutterers
and four nonstutterers were instructed to produce repeatedly
three target utterances enbedded in different phonetic
contexts. dosing gestures of the upper lip (UL), Lower lip
(LL) and jaw (JA) were analyzed in ternms of the tenporal
sequenci ng of novenment onset and peak velocity. The results
failed to support previ ous reports  of an invariant
articulatory sequencing pattern anong normal speakers. The

frequency of the UL-LL-JA sequency pattern depended not only
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on the nature of the bilabial consonant (/p/ or /m) but also

on the phonetic context surrounding the consonant.

Significant difference in peak velocity sequencing were
found between the stutterers and the nonstutterer's for
/ sapappl e/ . The UL-LL-JA sequence pattern was nore typica
for the nonstutterers speech novenents than for those of the
stutterers. No differences between the two subject groups

were found for any of the other two target utterances.

Sackin and Rustin (1995) conpared fluent and stuttering
children in three tasks (age: 10 years 11 nonths). The tasks
were chosen to cover a range of abilities deenmed necessary
for producing fluent speech. These are (a) Production of
voi ced plosives varying in place of articulation, (b) Moving
the lower |lip to follow the novenent of a sinusoidally
varying target, and ©) Making the mninmum possible
articulatroy novenment either with or w thout attendant visual
feed back. The tasks are indicative of (a) |laryngeal/
supragl ottal coordination (b) supraglottal novenent al one and
(c) use of kinesthetic feed back. The stutterers (a) produce
| onger voice onsets in the plosives, (b) had l|arger tracking
errors, and (c) produced bigger mniml novenents when no

visual feed back was provided conmpared with fluent speakers.

W eneke, Janssen and Brutten (1995) studied the
hypot hesis that the cause of speech disruption in stutterers
is related to excessive variability in their speech notor

system However crucial for this is the contention that the
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excessive variability deemed to be causative stens fromthe
central timng nechanism of the speech production system
24 stutterers and 16 controls served as the subjects of this
i nvestigation. The subjects were required to emt 10 fluent
productions of test sentence. In the baseline, the subjects
were instructed to read the sentence. In the two
experinmental conditions, the subjects, were instructed to
read the sentence. |In the second experinental condition, the
subjects were instructed to nodify their speech rate
according to a nodel presented to them on audiotape. During
this, the vibrations of the vocal folds were recorded by neans
of el ectrogl ottagraphy. Result reveals that there is a
relation between the stuttering reducing effect of slow ng
speech and a normalization of the durational variability at
the central level of the speech production system Thi s
follow the data of previous findings (Weneke and Janssen,
1991), that the timng variance associated with a centra
origin is indeed greater anobng stutterers than anong nornal

speakers.

7) Linguistic Involvenent in Stutterers:

Apart from evidence associated wth deficits in the
pl anni ng and execution of speech (Watson and Al fonso, 1983,
87; Peters and Starkweather, 1990) evidence also suggests
that the onset, devel opnent, and occurrence of stuttering may
be related to demands that |anguage places on speech notor

pl anni ng and executi on.
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Soderberg (1966) studied the relations of stuttering to
word length and word frequency. 20 stutterers recorded nine
ten - worded lists in the presence of a single listener.
There were 17 boys and 3 girls ranging in age from 12 to 44
years. The word lists were conposed of conbinations of three
levels of word length and three |levels of word frequency. An
attenpt was nmade to equate the word lists for stress of
initial syllable, grammatical function, and initial sounds of
wor ds. Results reveal greater stuttering to be associated
with increases of word length and decreases of word

frequency.

Tornick and Bl oodstein (1967), Haynes and Hood (1978)
gave the "overl oad hypot hesis" according to which increase in

[inguistic conplexity leads to overload of the linguistic

notor system and disrupts fluency. Hence an investigation
into linguistic processing efficiency or decoding was
warranted to study the effect of linguistic factors on
stuttering.

Li nguistic involvenent in the form of 1) l|ate |anguage
onset and 2) Concomttent |anguage and speech problens are
commonl y reported characteristics in stutterers to

differentiate them from non stutterers.

Brown (1979) identified and discussed at considerable
length four features nanely grammatical class, initial sound,
sentence position and word length with the occurrence of

stuttering.
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1) content words (nouns, verbs, adjectives, adverbs) as
conpar ed to function words (articles, prepositions,

conj uncti ons, pronouns).

2) words beginning with consonants (as conpared to vowel s).

3) Wbrds occurring very early in a sentence.

4) Wrds that are five letters or |longer, were considered as

the ones which determne the loci of stuttering.

McLaughlin and Cullinan (1989) studied 10 nmale and 10
femal e stutterers for I nteraction bet ween linguistic
conplexity and dysfluency. The subjects were in the age
range of 4 1/2 to 5 years. Spontaneous | anguage sanples were
used and these subjects also participated in nodeling
procedures enployed to evoke four sets of utterances
representing two levels of utterance length and two |evels of
[inguistic conplexity. Analysis indicated that greater rate
of dysfluencies and 'stutterings"™ occurred for nodelling
tasks that evoked Ilinguistically nore conplex utterances.
However, sex and length of utterance appeared to be rel ated,
with mle subjects having nore dysfluency for shorter

utterances.

Taken together, the work of Haynes and Hoods (1978),
Gordon (1986) Ratner and Sih (1987) and Pearl and Bernthal
(1988) appear to provide relatively consistent experinental
support for a dysf |l uency - l'i nguistic conpl exity

rel ationshi p.
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Peters and Starkweather (1990) summarized the findings

with regard to |anguage and stuttering as foll ows:

1) On an average, stuttering children are slightly but
significantly slower in the devel opnment of |anguage skills
than closely matched non-stuttering children (\Vall, 1977;
Kline and Stark Weat her, 1979).

2) Children whose | anguage devel opnent is del ayed often begin
to stutter as l|anguage energes, often during treatnent

(Patterson and Reed, 1981).

3) Stuttering occurs nore often at points in the wutterance
that can be described in linguistic terns, specifically on
words that are close to the beginning of the sentence
(Wngate, 1976), on | onger as conpared to shorter
utterances (Jayaram 1984) and at nmjor clause boundaries

(wall, Strakweather and Cairns, 1981).

4) Normal nonfluencies occur nore often in syntactically
conpl ex sentences when and only when syntactic fornulation
precede their production (Gordon, Luper and Peterson,

1986) .

Freeman, Watson, Chapman, Ml er, Pool and Devour (1991)
st udi ed. 19 male stutterers in the age range of 26-66 years
and 12 normal speakers in the age range of 23-59 years on
l'inguistic performance wusing high - level production and
conprehensi on processes. Responses used to record Laryngea

Reaction Tine (LRT) differed in linguistic and notoric
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conpl exi ty. Results revealed that only [linguistically
inmpaired stutterers showed significant increases in LRT for
conpl ex responses. Findings of this study suggest that
linguistic and notor processes affect the efficiency and

fluency of speech notor control.

Hubbard and Prins (1994) studied the effect of word
frequency and syllabic stress pattern on stuttering frequency
on 10 adult stutterers and non stutterers in the age range of
19-62 years. Specially designed sentences were read orally
by the subjects. Results revealed significant differences in
stuttering frequency between sentences wth |low and high
frequency words, but not between sentences with regular and

irregular syllabic stress pattern.

The word famliarity effect seen in the above studies
bears upon three recent hypothesis concerning the source of
stutter events. Wngate (1988) proposed that Ilack of
"synchrony” in word access and assenbly (that is, encoding
precipitates stutter events by causing a breakdown of
coarticulation, particularly at word and syllable onsets.
Postma and Kol k (1993), propose that people who stutter have

a "deficit in the phonol ogical encoding of an utterance, that

is, in generating the articulatory plan". This deficit
underlies the occurrence of encoding errors. They further
suggest that the activation of "phonemc elements" is too

slow anmong stutterers to support fluency at even average
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speaking rates, providing a rationale for the salutary

effects on stuttering of slow - paced speech.

Perkins (1991) believes that the timng and fluency of
an utterance are disrupted in persons who stutter when
syllable frames are not ready for their segnental filters.
The stutterers reaction with "time pressure to continue" is
then necessary for the subsequent precipitation of stuttered

events.

Howel | and Au-Yeung (1995) studied a group of child
stutterers (and their control) who varied in age and severity
of their disorder to see if stuttering was caused due to
phonol ogi cal difficulty or Brown's factors such as properties
of words (function or content), position of words, their
length etc; In the analysis, the proportion of words
stuttered for words in each phonol ogical category are
anal ysed so that any influence of Brown's factors m ght have
to be renoved. Results revealed that phonological difficulty
does not appear to be a mmjor factors governing the incidence

of stuttering in children.

Thus, literature provides positive evidence for the
presence of an active interaction between |inguistic aspects
and loci of stuttering. As a part of this, Wrd Association
task is being studied for several years now in different

| anguage di srupted popul ation.
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WORD ASSOCI ATI ON TASK

The word association test was introduced by Galton in
(1879) as a probe of 'Mental anatony'. There are severa
reasons to believe that Wrd Association tests may be useful
in assessing | exi cal disintegration in Brain damaged

subjects. It has been reported that;

1) Normals show predictable patterns of responses during word

associ ation task (Palerno and Jenkins, 1964).

2) The frequency of occurrence of words given as response in
word association tasks parallels the frequency of usage of

t hese words in general discourse (Hones, 1967).

3) Word association responses appear to be generated by the
sane mechani sms that produce words In running discourse

(McNei I, 1966).

Thus, responses during word association tests reflect
certain aspects of linguistic know edge and these nmay be
useful in delineating the |anguage deficit that acconpany a
few affected population. These tests have been wdely
enpl oyed by researchers seeking to describe and to understand
their popul ation of interest (Nelson, 1977). Wrd association
responses have been examned in both normal and clinical
popul ati on from the perspectives of psychology, psychiatry,

neur ol ogy, Ilinguistics and speech pathol ogy.
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St udi es on Vrd associ ation have traditionally
classified responses as either paradigmatic or syntagmatic.
Syntagmatic responses are of a different grammatical class
than the stinmulus word in a sentence (eg: run-fast)
Par adi gnmati c responses are of the sane grammatical class and
represent a parallel concept that would occupy the sane
position as the stimulus word in a sentence (eg: run-walKk).
To classify the paradigmatic - syntagmatic distinction some

exanples are listed from Lovel ace and Cooley (1982).

STIMILUS WORD_— > TRUCK
Syntagmati c response: home, away fire, red

par adi gmati c response: cone, drive bus, train.

Ext ensi ve normative data have been collected on the word
associ ation responses of children, young adults and the
elderly. Many researchers have adm ni stered Wrd Associ ation
Tasks on clinical population to see if <characteristic
linguistic patterns of response would energe to differentiate

such popul ation from normal s.

Studies on adults with Aphasia have been found to give
fewer paradigmatic responses and nore anonal ous responses,
although the proportion of paradigmatic and syntagmatic

responses is simlar to that of normals.

Al 't hough word association of normals, Schizophrenic and
neurol ogical ly i mpai red adul ts have been extensively

researched, Ilittle attention has been paid to the clinical
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popul ation of stutterers. As of vyet, there is no
docunentation conparing the proportion of paradigmtic and
syntagmatic responses of stutterers wth that of norma

speakers.

Adans and Dietze (1965) conpared the reaction tine of
stutterers and nornal speakers to neutral and affect
connoting itenms on a Wrd Association test. Subj ects were
instructed to wite their responses in order to circunvent
the problem of possible speech disruption. The stutterers
were found to be significantly slower as a group on al

wor ds, than were the nornmal speaking controls.

Jensen, Mar kel and Beverung (1986) enpl oyed word
association task as a replica of conversation to conpare
turn-taking behaviors of stuttering and normal speakers.
Response |atency, as tined by a stop watch was one dependent
nmeasur e. Unexpectedly, severe stutterers were found to be

significantly faster in responding than normal speakers.

In another study by Crowe and Kroll (1991) the response
|atency and response class for stutterers and non stutters
was neasured using word association task. No significant
differences were found between groups on either response
| atency or response class neasures. The clinical useful ness
of word association task as a neans of objectively exam ning
avoi dance behaviour in stutterers is therefore regarded as
[imted. However, stutterers were a highly heterogeneous

group. The experinmental group was found to be highly
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variable in ternms of the tinme for response and the type of

response.

Thus Wdrd Association task affords the opportunity to
assenble a profile of stutterers particular response |atency
and response class characteristics. Using reaction tine in a
word association task, the present study sought to

investigate the laterality in stutterers.
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CHAPTER - 111

MVETHODOLOGY

Subj ect s:

The subjects chosen were eight stutterers (six males and
two fermal es) and eight nornmals (six nales and two females) in
the age range of 17-40 yrs. Al the subjects were native
Kannada speakers. The stuttering severity ranged from
noderate to severe and none of the stutterers had any other

speech or hearing problens.

Table | shows the subject details

SL. STUTTERERS SL. NORNMVALS

No. ACE SEX SEVERI TY No. AGE SEX
1 40 M Severe 1 22 M
2 25 M Moder at e 2 22 M
3 23 M Sever e 3 23 M
4 27 M Moder at e 4 23 M
5 20 F Moder at e 5 22 F
6 22 F Moder at e 6 22 F
7 25 M Sever e 7 22 M
8 23 M Sever e 8 22 M

Mat eri al :

The stimulus words were chosen using Kannada dictionary
and the two granmatical categories selected were nouns and
ver bs. These words selected were controlled for three

factors, viz;
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1) Length : Long vs Short
2) Abstractness : Abstract vs Unabstract and

3) Gccurrence : Common vs Uncomon.

Based on several conbinations, five words in each

category of stimulus words were selected as follows,

1) Long abstract Noun: Common (5), Uncommon (5)

2) Long abstract Verb: Common (5), Uncommon (5)

3) Long unabstract Noun : Conmon (5), Unconmon (5)

4) Long unabstract Verb : Common (5), Uncommon (5)

5) Short abstract Noun : Common (5), Uncomon (5)

6) Short abstract Verb : Common (5), Uncommon (5)

7) Short unabstract Noun : Conmon (5), Unconmon (5)

8) Short unabstract Verb : Common (5), Uncommon (5)

These words were persented to native Kannada speakers
for a famliarity test and the words which fit the above
criteria and were famliar were selected for the study.
Thus, a total of words (40 nouns and 40 verbs) fornmed the

mat eri al .

METHOD:

| T2 ER | HEADPHON
L L 2
1 * CONTROL RIGH
!
1 * CONTROL LEI
N
A\
| £ )
I 4—{ PREAMPLIFIER i- > MIC II

FIG. 1 : Instrumental set up
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The subjects were seated in an acoustically seal ed sound
proof room Bef ore commencenent of the experinment, the

subjects were instructed as foll ows:

"Now you will be hearing a word. As soon as you hear it

speak out the first word that you can associate with the word

pr esent ed. For instance, if the word you hear is ORANGE you
can say FRUT, EAT etc. Try avoiding responding in
sent ences”.

The words were audio presented one after another,
t hr ough headphones into one of the ears. 50% of the subjects
received the stinulus in the left ear first and the remaining
50% received in the right ear first. Two m crophones were
used. Both the mcs were connected to the taperecorder which
is in turn connected to the preanplifier. The experinmenter
used mc-1 to utter the words which were audi o-recorded and
was heard in right/left ear of the subject through the
ear phones whi ch was connected through the tape recorder. The
subject used the mc-2 to respond, which was also audio-
recorded on the sane cassette. Thus, the experinents
utterance and the subjects responses were audio-recorded.

Fig. 1 shows the experinental setup
ANALYSI S: Two types of analysis were carried out.
1) REACTION TI ME ANALYSIS: (Lower Case)

The DSP sonograph 5500 was used to neasure the tine

taken to respond in nmsec. The stinmulus was fed fromthe tape
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recorder to DSP sonograph 5500 and wave fornms were obtained
on the screen. The cursors were placed between the end of
the stimulus word and the beginning of the response word and

the tine difference was neasured. This gives the reaction

lekiv )

time measure. \
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2) LI NGU STI C ANALYSI S:

The response words were analysed as syntagmatic,
paradi gmati ¢ and unspecified. A Syntagmatic response refers
to responses that are of a different grammatical class than
the stimulus word. A Paradigmatic responses refers to
response which belong to sanme class as the stinmulus word.
Unspecified responses are those that fall wunder neither of
the above categories. Syntagmatic response were assigned a
value of '2', paradigmatic a value of '1', wunspecified

response were assigned a value of '0'.



44

Statistical Analysis:

The data was tabulated and "I" test was perforned to
study differences between the (1) nean reactions tinmes when
the stimulus was presented in right and left ears (2) nean
reaction tinmes of normals and stutterers (3) nean reaction
times of nouns and verbs (4) nean reaction tine of abstract
and unabstract nouns/verbs (5) nean tinme of comon and
unconmon nouns/verbs (6) linguistic responses of normals and

stutterers.

Also percent tinmes the syntagmatic, par adi gmat i c,
unspecified responses wused by normals and stutterers were

anal yzed.
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Chapter 1V

RESULTS AND DI SCUSSI ONS

RESULTS:

|. Reaction Tinme: The mnean reaction tinmes were longer in
stutterers conpared to normals which was significant at 0.05
| evel . Table | shows the nean reaction tinme in normals and

stutterers

Par anet er Mean | Significance

Control group 114
Experimental group 144

Table I: Mean reaction tinme for control v/s experinenta
group (in nmsecs) and the significance of difference
at 0.05 |evel.

(+ significant difference present).
For both the groups, the reaction tinme for stinulus
presented to the left ear was greater than that to the right
ear. However, t-test revealed the difference to be

significant only in normals and not in stuttering popul ation.

Table 11: Shows the nean reaction tine for both the ears.
Also, the reaction tinmes were significantly Jlonger in
stutterers conpared to normals irrespective of the ear (Table

1),
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SL. No. | Par anet er Mean Si gni fi cance
1 Control right v/s 108
+
Control left 120
2 Experinmental right v/s 141
Experimental |eft 146
Table 1l: Mean reaction time (in nmsec)for both the ears of

the two groups and significance of difference.

SL. No. Par anet er Mean Si gni fi cance

: 108

1 Control right v/s +
Experinmental right 141
2 Control right v/s 120

+
Experimental |eft 146

Table 111: Reaction time (in nmsecs) of experinental and

control group and significance.
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Figure 2 shows the reaction tinmes which reveals that the
control group's reaction tinme was shorter than the reaction
times of the experinental group. I ndi vi dual variations were
evident in both the popul ation. Wi | e experinental subject
S1, S5, S6, S7, Ss have longer reaction tines in the |left ear
others do not show the sane. In the control group, reaction
times for right ear of S3 and S5 are longer than that in the

left ear.

300 ~

250 4
200 [—o— Right stutterers |
i —8— Left stutterers !
Reaction .
Time Tho —&— Lefl normals
—&— Right normals
100

50 4

0 T T T T T T T 1

S1 S2 53 S4 S5 S6 S7 S8

Subjects

Figure 2. Reaction tinme (in nsecs) of eight normals and eight
stutterers for both the ears.

I1) Reaction time for various |linguistic categories:

1) Abstractness: 1In general, the reaction tinmes were |onger
for verbs conpared to nouns and were longer for abstract

verbs and nouns than for wunabstract verbs and nouns. Wi |l e
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significant differences between the nean reaction tines of
abstract and unabstract verbs were observed in nornmals, anong
stutterers T-test revealed significant differences between
mean reaction tines of abstract and unabstract nouns and
verbs. Figure 3 shows the mean reaction tines for nouns and

ver bs.

IE:I-|

140 J

100

Mean
Reactlon B0
time

BO 4
40 4

20 4

T
UNC ANC uvc AVC UNE ANE UVE AVE

Control Experimental
U : Unabstract N : Noun C . Control
A . Abstracl V : Verb E ; Experimental

Fig.3: Mean reaction times (in msecs) for abstract and
unabstract nouns and verbs.

I11) Type of Response:

The percentage of syntagmatic responses were (greater
than the paradigmatic response in both the groups and the
stutterers exhibited fewer paradi gnmati c responses than
nor mal s. Al so, the unspecified responses (those which fall
in neither of the above categories) were nore in stutterers
than in normals Table IV shows the percent of various kinds

of responses.
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Vari abl e Cont r ol Experi nent al
Synt agnati c 47 70
Par adi gmati c 38 19
Unspeci fi ed 5 11

Table 1V: Percent of various responses.
Di scussi on:

The results reveal ed several points of interest. First
of all, it was observed that while the normals showed
significant difference between the reaction tinmes of the two
ears (with longer reaction times in the left ear) no such
significant difference was found in stutterers. This is in
consonance with the results of the studies by Curry and
Gregory, 1969; More and Haynes, 1984; Stubs, Naeser and
Bl ack, 1987.

Significant difference between the reaction tinmes of
ri ght and left ear and the shorter reaction time in the
right ear of normals indicates a right ear advantage and a
left hem sphere dom nance. Absence of such significant
difference (though shorter reaction tines were found in the
right ear) in stutterers indicates that stutterers, unlike
normals nmay not have a clear ear advantage and thus a
dom nance. This al so suggests a possible bilateral cerebra
representation in stutterers. The results supports the

theory of cerebral dominance (Oton and Travis, 1927, 1931)
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and absence of laterality in stutterers. However, it appears
that this may be individualistic and not all stutterers show
a lack of ear advantage. This indicates a heterogeneity
anmong stutterers and supports the notion that there may be

subgroups anong stutterers.

Second, stutterers as a popul ation have |onger reaction
times for verbal tasks. This results is in consonance wth
that of other studies (Adans and Reis, 1971; Adans and
Hayden, 1976; Starkweather, Hirschman and Tannenbaun 1976;
Cross and Luper, 1978; Reich, Till and Goldsmth, 1981,
Watson and Al fonso, 1982, 1983; Border, 1983; Starkweather,
Franklin and Sm go, 1985; Peters and Hulstijn 1987; Peters
and Hulstijn and Starkweather, 1989). This increased
reaction time could be indicative of a notor program ng
deficit (Adans and Hayden, 1976; MFarlane and Prins, 1978
Cross and Luper, 1978; Zi merman, 1980; Peters and Hul stijn,
1987; Peters and Hulstijn and Starkweather, 1989). This nay

be a higher level planning or encoding defect.

Increase in reaction times can be explained by severa
nodel s. According to Sternberg's (1978) model, in the first
stage, phonological encoding conprises the <creation of a
fully specified articulatory program which has three
subpocesses; vi z:

1) selection of segments for a word or words
2) sequencing these segments within syllable frames and
3) fixation of internal and tenporal paraneters for each

syl | abl e.
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Sternberg (1978) proposed a nodel for speech notor control as

foll ows:

Phase 1: The progranmm ng stage

The notor plan (phonetic plan (Levelt, 1989)) is
assenbl ed by phonol ogi cal encodi ng. Each notor plan consists
of smaller units or stress groups. The total notor plan can
be stored in a articulatory buffer awai ting further

processi ng.

Phase 2: The retrieval stage

From the articulatory buffer the notor plan is retrived
unit by unit. The nore units in the notor plan, the nore

tine retrieval takes.

Phase 3. The unpacki ng stage

Each uni t or subprogram is unpacked for its
constituents, which are notor comands for the different
phonol ogi cal elenents (syllables) wthin a unit. The nore

conplex a unit, the nore is the tinme needed for unpacking.

Phase 4: The command stage

Each individual notor command is delivered to the neuro-

nmot or system and subsequently execut ed.

Speech notor programming with respect to stuttering has
been investigated in detail by Peters, Hul stijn and

Starkweat her (1989). Their findings |ends support to the
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assunption that stuttering nmay be associated with a deficit

in speech notor progranmm ng.

Phonol ogi cal encoding disruption has been cited as a
possi bl e cause of stuttering by Postma, Kol k and Povel, 1990,
Feerand, Gl bert and Blood, 1991; Jancke, 1994; Wjnen and
Boers, 1994. One could also speculate a lexical access

problem involved as the task involved here is word

associ ati on.

As lexical access could be defective and hence a nmjor
cause of stuttering, it 1is essential to understand the

architectural organization of this process of |exical access.

gammatlor

Levelt (1989)

Fig:4 - Artitectural organisation of |exical access

There is a "fornulator™ receiving as input the (Ilexical)
concept to be expressed and producing as output an
articulatory plan for item usually as part of a plan for a
| arger utterance. The fornulator contains two conponent

processors. The first one takes care of selecting



53

appropriate lexical item from the nental |exicon and of
integrating it into developing syntactic structure. The
second one generates an articulatory program for the selected
lexical itemon the basis of its stored phonol ogi cal code and

t he devel opi ng context of the utterance as a whole.

Several theories have been proposed to explain |exical
access. The nost popul ar of these are the nodul ar two stage

theories and the connectional theories which are explained

bel ow.

Theories of lexical access

g !

/ N g o .
i 1 in 5 \ Phonological encoding

Phonological encoding // "

of selected items onlg/' of any activated item

Modular two stage//
theories

Concept
Lexical selection

Lemma

Phonological encoding

Articulatoy plan

it Pt Wb Pt . S

Semantic activation

Phonological activation ~~ ~ -~ ~~
Semantic alternating activation

Fig. 5: Theories of Lexical Ac

\ Interactive

connectionist
theories

Conceptual features

Lemma's /,\\
i~ ’\T\ N,

Phonemes and Phonetic
features
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Both these nodels are general nodels not intended as an
expl anati on of stuttering phenonena. Yet, they consider both
incorrect as well as correct speech production. The studies
by Kol k and Postma (1990) nentioned earlier can be considered
as extension of these theories to explain the phenonena of

stuttering.

Thus, this theory proposes that the lexical activation
and phonol ogical activation do not overlap and occur one
after the other unlike the connectionist theories. A delay
in reaction time in stutterers could be explained due to a

delay in any one or both the stages.

The net hodol ogi es used for reaction tinme studies include
sinple reaction task which reveals high level on central
programming or choice reaction task revealing |ow |evel
programm ng deficit. The word association task used in this
study is a sinple reaction task and thus increased reaction

time in stutterers could be a result of error of central

pl anni ng.
Third, the results reveal significant differences
between all linguistic categories in stutterers. In both

stutterers and normals reaction tinmes increased as linguistic
conplexity increased. This is in consonance with the results
of the studies by Gordon, Luper, Peterson (1986); Freeman,
Wat son, Chapman, Ml ler, Pool and Devour (1991). However,
this increase in stuttering population is significantly

larger. This suggests that, though processing of
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l'inguistically conmplex material takes longer tinme, stutterers

appear to have nore difficulty than nornals.

Fourth, no significant difference between normal and
stutterers was found for the type of responses in the Wrd
Associ ation task. This result is in accordance with the
study done by Crowe and Knoll (1991).

This indicates that the underlying linguistic disruption
may be mnimal in stutterers and the variation of stuttering
epi sodes in speech could be due to extra linguistic factors
such as conditioning, stress and other |earned behavi our
rather than an intrinsic l'i nguistic disruption. However,
further studies are warranted in this area.

Al so, contrary to reports in literature (Nelson, 1977),
both normals and stutterers in this study exhibited nore
syntagmatic responses than paradigmatic responses. Thi s
difference in response could possibly be attributed to the
[inguistic structure of Kannada. Further studies into the
type of responses for a word association task is warranted.

To sunmmarize, the results of the present study indicate
a longer reaction tine in stutterers, a possible bilateral
cerebral representation, and a possible greater difficulty in
stutterers in processing linguistically conplex signal.
These support the theory of cerebral dom nance and the notion
that stuttering could be a resultant of notor planing
deficit. As the study reveal ed individual differences anong
stutterers it 1is suggested that further studies could be

conducted considering specific subgroups of stutterers.
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Chapter V

SUMWARY AND CONCLUSI ON

For decades now, researchers have been speculating on
the causes for stuttering. Mpjority of the studies report
increased reaction tine for all tasks in stutterers. The
cause of this has been attributed to reverse laterality or
|ack of cerebral domnance in stutterers. This study was
designed to investigate the laterality in stutterers using

reaction tine in a Wrd Associ ati on task.

Ei ght stutterers and eight normals (six nmales and two
femal es) forned the experinmental and control group of this
study. Stinmulus material was prepared, which consisted of 40
nouns and 40 verbs which were chosen according to frequency
of occurrence and abstractness in the |anguage studied
These were presented to the subjects in a sound treated room
with a total of 80 stinulus words being presented to each ear
individually. The subjects were to respond verbally with any
word which they could inmediately associate with its stinulus
wor d. The associated responses were audio recorded on CrG,

tapes along with the stinulus word.

The responses were analysed for reaction time using DSP
sonogr aph 5500. Reaction tinme was neasured as the tine
difference between the offset of the stimulus word to the
onset of the response word on the waveform Li ngui stic

analysis was also carried out to study the response category
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differences if any present in stutterers in conparison with

nor mal s.

Results reveal ed the follow ng:

1) Significant differences were present in the reaciton time
of the rignt and left ears in normals (longer reaction
times in left ear) but not in stutterers indicating that
stutterers lack cerebral dom nance and the dom nance is

distributed equally in both hem sphere than to the left.

2) Stutterers have a longer reaction time for the task used
in this study thereby indicating a possible notor
programmi ng defect or a central planning and encoding

def ect .

3) Stutterers have greater probl em in processi ng

linguistically conplex stimuli when conpared to nornmals.

4) Stutterers do not differ fromnormals in terns of response
category in word association task indicating an intact

underlying linguistic structure.

The results of this study throws light on the several
variables that need to be controlled during a reaction time
par adi gm It is evident that dichotic task is not a very
favourable nmethod for laterality assessnent and nore
sophi sticated nethodology is required in conducting such

st udi es.
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In terns of rehabilitation, a programmng error would
shift the focus towards reduction in speech rate and
prol ongation of speech as this would reduce the information
load and hence a breakdown. Rel apse of stuttering commonly
seen in nost of the stutterers have been a source of puzzle
for the researcher's and distress for the stutterers. An
organic involvenent would explain the occurrence of relapse
nore easily than if the cause is external. Hence while
counselling stutterers these should be kept in mnd to avoid

over expectations and di sappoi ntnments.

"If you root yourself in the ground, you can afford to
be stupid. But if you nove you nust have nechanisns for
noving and nechanism to ensure that the novenent is not
utterly arbitrary and independent of what 1is going on
out si de".

Particia Smth Churchland (1986).

It nmust be kept in mnd where stutterers are concerned
that the cause for the problem is beyond their control and
hence proper understanding and an inquisitive mnd is

required to solve this puzzle.
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