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Moore and Weidner, 1975). Right handed individuals al so
exhibit left ear advantage (LEA) indicating right hem -
sphere processing for nonverbal acoustic functions (M| ner,
1962; Kimura, 1964; Channey and Webster, 1966; Berlin and
Mc Neil, 1976).

But, when this dichotic listening technique is used
for stutterers t hey exhi bited an absence, reduction or
reversal of right ear advantage, i.e. there is |lot of con-
trovery. Sone investigators could not denonstrate right
ear advantage in stutterers (Curry, Gregory, Quinn, 1972).
Sonme investigators have not found any ear preference diffe-
rence when they tested normals and stutterers. (Slorach &
Noehr, 1973; Kinura, 1963; G uber and Powel |, 1974; Dorman
and Porter, 1975). Based on EEG study Moore and Haynes,
(1980) have recently reported that stutterers use right

hem sphere for both verbal and nonverbal stinuli.

Nandur (1976) reported that stutterers and trained nusi-
cians did not show any ear preference in nonverbal task,
whereas the normal males or femal es have shown significant

ear preference in nonverbal task.

In the light of the above nentioned studies it seens
logical to think that normal subjects have ear preference
whereas the stutterers nmay or may not have ear preference in

dichotic listening tasks. Historically investigators have



searched for physiological differences between stutterers and
nonstutterers (Van Riper, 1971). One enpirical and theoritica
enphasi s has been that stutterers may |ack cerebral dom nance
when conpared to normal population (Orton, 1927; Travis, 1931).
After many years this cerebral dom nance hypothesis enjoys

renewed i nterest (More, Haynes, 1980).

Central auditory function in stutterers too have been
tested by investigators. The evidence of central auditory
deficiency has been also found in stutterers (Toscher and Rupp,

1978; Hall and Jerger, 1978, Liebefran and Daly, 1981).

Psychophysi cal tests and audi ol ogical tests like Dichotic
listening. Masking level difference (M.D), staggered spondi ac
word test acoustic reflex anplitude function, synthetic sen-
tence Identification and Ipsilateral conpeting nmessage, synthe-
tic sentence identification with contral ateral conpeting mess-
age have been used to assess the central auditory function in

stutterers.

Any lesion in the central auditory system has been reported
to interfere interaural intensity difference for intra cranial

| ateralization (Pinheiro and Tobin, 1969, 1971).

Schoeny (1968) has observed an asymmetry of the two ears

for the magnitude of intensity required to lateralize the tone



| NTRODUCTI ON

A popul ar theory concerning stuttering contends that
stuttering results frominconplete cerebral dom nance; that
too much | anguage in the nondom nant hem sphere results in
an interhem spheric rivalry causing speech disfluency. This
thesis was initially formulated by Orton (1928) and Travis

(1931) and was repopul ari zed by Jones (1966).

For decades scientists have believed that the two cere-
bral hem spheres in humans are specialized to performdiffe-
rent function. The initial indication of possible functional
difference cane fromthe studies of the effects of damage to
t he one side of the brain (Broca, 1865; Wernicke, 1875).
Typically patients with |left hem sphere damage have difficulty
in linguistic tasks whereas those with right hem sphere |esions

often denonstrated little or no linguistic inpairnment.

A well established inferential neans of determ ning hem -
spheric specialization is the dictotic listening technique
(Berlin and Lowe, 1972; Kinmura 1961; 1963; Moore and Wi dner,
1975). The technique consist presentation of two different stimuli
in each ear. Cenerally, when confronted with dichotically
presented |inguistic stimuli normal right handed subjects indi-
cated a right ear preference and which suggest a left hem -

sphere appears nore specialized for nonlinguistic stimli that



are presented dichotically because subjects evidence a |eft

ear preference (Knox and Ki nura, 1970; Kinmura, 1973).

Sone investigators have used a tachi stoscopically pre-
sented visual stinmuli (Hnes, 1972; M Keever and Hul i ng,
1971; Mc Keever, Suberi and Van Deventer, 1972; More and
Vi dner 1974; Moore, 1976). These studies show a right visua
field preference for linguistic materials in normal speaking
subjects indicating | eft hem sphere processing and a | eft
visual half field preference for nonlinguistic stimuli (visua

spatial tasks) suggesting a right hem sphere advant age.

Anot her nethod of studying hem spheric specialization is
anaest hi ze tenporarily one hem sphere by injecting sodium
anytal intothe internal carotid artery (Wada, 1949). This
procedure typically results in a transient aphasia if one
hem sphere that specializes in linguistic processing (usually

the left) is tenporarily anaesthesi zed.

A nore recent technique for studying hem spheric process-
ing inthe nmonitoring of cortical blood flow (R sberg and
I ngvar, 1973). Increased cortical blood fl owhas been observed
inthe | eft hemsphere during linguistic tasks and in the right
hem sphere when the subject is engaged in perception of nusic

(Carnon et al 1975).



The nmonitoring of averaged evoked responses (ARR) during
visual and auditory stinmulation has al so been used as an
i ndex of hem spheric asymetry. M Adam and Whitaker (1971)
and Cal |l away and Harris (1974) have shown that AER anplitude
is increased over the left hem sphere as conpared to the right

hem sphere during verbal tasks.

Rel ati ve amount of |left wave (alpha) activity (8-13 Hz)
is an indicator of hem spheric asymetry. Wen the stinulus
is presented, the anplitude of left wave is reduced or suppressed
(Adrian and Mat hews, 1934). Final asymetry is inferred by
observing the differential is inferred by observing the diffe-
rential suppression over the right hem sphere for visual,
spatial and nusical activities, More and Haynes (1980) studied
t hree groups of subjects - normal speaking mal es, normal speak-
ing femal es, and male stutterers with EEG techni que. The
result indicated that stutterers showed significantly |ess
al pha suppression in their right hem spheres for both verbal
and nonverbal tasks. This indicated that stutterers were pro-
cessing both kinds of information into the right hem sphere,

sex differences were al so observed by the authors.

Aw stated earlier in dichotic Iistening the normal right
handed subjects tend to show right ear advantage (REA) i ndi -
cating |l eft hem sphere processing for verbal and linguistic

materials (Berlin and Lowe, 1972; Kinura, 1961; 1962; 1963;



fromthe ear to the nedian plane. |t has been reported that
the right ear required less intensity than the left ear for

nmedi an plane lateralization for normal subjects.

In order to validate the existance and nagnitude of the
reported ear bias Vargo and Carhart (1972) conducted an expe-
riment on 10 normal subjects. They also reported an ear bias
for median plane lateralization. Result showed that slightly
less intensity was required in the left ear than in the right
ear to achieve a mdline experience. But the nagnitude of the
observed differences in intensity between the ear was not sta-
tistically significant. Moreover, it was of opposite polarity

to that reported by Schoeny (1968).

Revi ewi ng the previous investigators (Von Bergaijk, 1962;
D anond et al 1964, 1967; Bekesy (1967), Boca et al 1967,
Pinheiro and Tobin, 1969, 1971; Qullen et al) it is evident

that cortex is involved in the task of |ateralization.

Meena Devi (1967) tested 15 right handers and 10 | eft

handers. Two kinds of stimuli - CV syllables (pa, ba, ka,
ga, ta, da) and pul sed tones were used as stimuli inthe ex-
periment. In right handers significant difference in the

anmount of intensity was required to shift the fused auditory

image of CV syllables. The intensity required to shift the



fused auditory inmage for CV syllables in |left handers was

not studi ed.

Many tests to assess the central auditory function have

been used with stutterers and nonstutterers.

The present investigation was undertaken to determ ne
whet her significant difference exists in Ear to Ear |aterali-
zation test between adult stutterers and age and handedness

mat ched nonstutterers (normals).

The present study ains to answer the follow ng:-

(1) WII there be any significant difference in shifting the
auditory imge of the CV syllables fromright ear to

left ear and vice versa in normal subjects.

(1) WII there be any significant difference in shifting the
auditory image of the music stimuli fromright ear to

left ear and vice versa in nornals.

(I'1)WII there be any significant difference in shifting the
auditory image of CV syllables fromright ear to |eft

ear and vice versa in stutterers.

(I'V) WII there be any significant difference in shifting the
auditory image of the nmusic stimuli fromright ear to

left ear and vice versa in stutterers.



BRI EF PLAN CF THE STUDY

Six CVsyllables pa, ba, ka, ga, ta, da by a nal e good
speaker are to be recorded on cassette. The speaker will be
instructed to speak these syllables continuously keeping the
intensity constant. There should be no variation in the dura-

tion between the two syl |l abl es.

Western nmusic is to be recorded in the same cassette.
These two stimuli (verbal and nonverbal) w |l be used through-

out the study.

Two groups of subjects will be selected for the study.
G oup A consists of non stutterers (nornals) and G oup B,

consists of stutterers.

Al the subjects of Goup A and G oup B should neet the
following criteria - (I) They should be right handers (I1)
They shoul d have the hearing sensitivity within 25 dB HTL for
frequenci es 500, 1000, and 2000 Hz (The difference between the
threshol ds of the two ears not exceeding 10 dB). (I111) Age

range shoul d be between 16 to 30 years.
Each subject will be tested in the follow ng manner:

() C/ Syllables: The recorded CV syllables will be presented

dichotically at 20 dB SL. Subjects will be required to

report conplete ear lateralization of the fused auditory



image. At first the intensity of the signal woul d be kept
constant in left ear. The intensity in the right ear wil |
be raised in 1 dB steps until the subject: hears conpletely
inright ear. Next, the intensity inthe left ear will be
increased until the auditory inage etc. shifts to left ear.
The anmount of intensity required to shift the fused audi -

tory image fromright ear to left ear will be obtained.

Smlarly, a fused auditory image will be found at
left ear first then it will be shifted to right ear. The
amount of intensity required to shift the fused auditory

image fromleft ear to right ear will be obtained.

I'1. Misic: The recorded western nusic purely nonverbal in

nature will be played dichotically at 20 dB SL. The same

above nentioned experinents will be repeat ed.

DEFI NI T1 ONS:

Il D CHOTI C STI MLATI O\

D chotic listening usually involves the simultaneous
presentation of two different auditory stinmuli, one to the
subject's right ear and other to his left ear (Broadbent,

1954; Kinura, 1961, 1963).

1) DI Ol CLISTEN NG

In diotic listening both ears are stinmulated by the
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sound source. In nbst cases the sound source is external,
the perception is experienced as "out there" and the judge-

ment is referred to as | ocalization.

I 11) LATERALI ZATI ON Vs. LOCALI ZATI ON:

The ternms lateralization and |ocalization have been used
interchangeably in the literature. Usually, "localization"
refers to position of a sound source in one's imedi ate sound
field. The "lateralization" on the other hand, has been
reserved for intracranial sound inmages (Sullivan, 1967; Berlin

and Lowe, 1972).

| V) SH FTI NG THE FUSED AUDI TORY | MAGE FROM RI GHT EAR TO LEFT EAR

A fused auditory inmage is generally forned when the stinuli
are presented at equal sensation level (20 dB SL) to both the
ears. Gadual increase in the intensity in right ear wl
shift the image, right ear. Now, by increasing the inten-
sity of the stinulus in the left ear, the fused inmage can be

shifted to right ear.

V) SH FTING THE FUSED AUDI TORY | MAGE FROM LEFT EAR TO RI GHT EAR:

A fused auditory inmage is generally formed when the stinuli
is presented

at equal sensation level ( 20 dB SL)/in both the ears. G adual
increase in the intensity of the stinulus in left ear, wll

shift the image to the left ear. Now, by increasing the inten-
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sity of the stimulus in the right ear, the fused imge can be

shifted to right ear.

V) |INTER AURAL | NTENSI TY DI FFERENCE

The difference in intensity between the dichotic signals

that is needed to lateralize the sound inmage to the test ear.

VIT) 1g- o

The amount of intensity required to shift the fused auditory

image fromright ear to left ear.

VITL) 1, - g

The anmount of intensity required to shift the fused auditory

image from left ear to right ear.

| X) CEREBRALI TY:

Cerebrality refers to the typical human ability of asymetric
speci ali zation of the tw hem spheres for verbal and nonver bal

functi ons.

X) STUTTERERS:

Stutterers are those whose speech is characterized by repe-
titions, hesitations, and prolongations of sounds and syl abl es
with or without secondaries. They should have been so di agnosed

by a qualified speech pathol ogi st.
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REVI EW OF LI TERATURE

CEREBRAL DOM NANCE

The Cerebral hem spheres are paired organs. The anatom c
appearance of the two hem spheres is nore or less synmetrical.
Functionally there is a considerable degree of symetry, each
hem sphere serving the opposite side of the body for many notor
and sensory functions. |In the human, however, several functions
are distributed between the hem spheres in a distinctly asyme-
trical fashion. The tendency for one of the cerebral hem spheres
to predom nate in certain functions has been terned as cerebral

dom nance (Benson and Geschwi nd, 1968).

The two hem spheres, of the human brain are connected
t hrough interhem spheric pathways. They also receive inforna-
tion fromand send information to the brain stem Mst of the
progranm ng and processing of |anguage is done in the hem spheres.
Al nost all the right handed individuals have majority of their
| anguage in their left hem sphere. A lesion in the left hem -
sphere of 99%of right handed individuals results in aphasia;
the lesion in the right hem sphere does not (with few exceptions).
It is not known how | anguage cones to reside primarily in one
hem sphere. Language is usually fairly well lateralized by the

age of 8 years (reviewed by Satz et al 1975).
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CEREBRAL DOM NANCE AND STUTTERI NG

The theory that a |lack of cerebral dom nance creates a
m stimng of notor inpulses to the bilateral speech nuscles
and thus produces stuttering was first formulated by Stier

(1911) and by Sacks (1924).

A popul ar theory concerning stuttering contends that
stuttering results from inconplete cerebral dom nance; that
too much | anguage in the nondom nant hem sphere results in
an interhem spheric rivalry, causing speech dysfluency. This
thesis was initially pronmulgated by Orton (1928) and Travis

(1931) and was repopul ari zed by Jones (1966).

R K Jones (1966), a neurosurgeon was preparing to operate
on 4 patients who had stuttered severely since chil dhood, but
who had recently devel oped brain pathol ogy, and he had deci ded
to use a new techni que pioneered by Wada (1949). The technique
consi sted of injecting sodium anytol directly into first the
right and then the left carotid arteries while the patient is
conscious and tal king. As Wada and Rasnussen (1960) denon-
strated, when thisdrugis introduced into the systemin this
way, a tenporary aphasia results, provided the artery serving

t he dom nant hem sphere of the brain is the one injected.

To this surprise Jones found that all four of the stutte-

rers devel oped transi ent aphasia when drug was injected into
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either in the right or left carotid arteries thus indicating
that they had a bilateral certical control of speech, that
these were "speech centers” in both hem spheres. Jones then
perfornmed his surgery on the damaged hem sphere and found

that conplete rem ssion of stuttering took place in all his
patients. After recovery he adm nistered the sodium anyto

as before and discovered that now the exstutterers becane
aphasic only when one artery was injected and (the one serving
t he nonoperative hem sphere). They no |longer had certi cal
representation for speech in both hem spheres but only in one.
Jones renmarks that "the results on stamrering of a one sided
operation for unrelated lesions in these four patients were
quite starting and can only be expl ained by the view that
stammrering is associated with an interference by one heni sphere
with the speech performance of the other. No occurance of
stuttering was noted after periods ranging from 15 nonths to

3 years.

DI CHOTI C LI STENI NG

There are various techniques to determ ne cerebral dom -

nance. One of themis dichotic |istening.

Broadbent's (1954) and Kinura's (1961, 1963) dichotic
tests are very well known. Many authors wote these tests

whi ch essentially consist in simnmultaneous and different stinuli
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on nessages fed to each one of the ears, after presenting for
instance the two different degits or words together, the exa-

m ner asks the subject what the nunber of the word he heard was.

The reason for enthusiastic reception of such a test pro-
bably was the acceptance of the fact that each hem sphere was
receiving a different nessage, in spite of the division of the
auditory pathways in both hem spheres. If only one nessage
was repeated, therefore the ear that received it was dom nant
and the opposite side of the brain was considered to be the
dom nant hem sphere. This was because functionally auditory

pat hways act as crossed pat hways.

When Dichotic listening (Broadbent, 1954) of speech was
presented to normal right handed subjects tend to report the
stimuli presented to the right ear nore accurately than stimnuli
presented to the left ear (Kinmura, 1967). Because the path-
ways fromthe ears to the cortex are primarily crossed the
right ear advantage has been interpreted as an indication of

| eft hem sphere dom nance for auditory verbal recognition.

The right ear preference has been typically observed for
verbal and linguistic materials under dichotic testing (Berlin
and Lowe, 1972; Kinura 196l1la, 1961b, 1963; Moore and Wi dner,
1975).
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Bl unst ei n, Goodgl ass and Tarter (1975) enploying a test
retest experinment contend that 85%of normal right handed
mal es have a right ear advantage (REA) in dichotic |istening

and that any such test contains 15%m scl assified subjects.

Left ear advantage (LEA) indicating right hem sphere
processing for nonverbal acoustic functions have been reported
(Mlner, 1962; Kinura, 1964; Channey and Webster, 1966; Berlin
and Mc Neil, 1976).

DI CHOTI C LI STENI NG I N STUTTERERS:

Curry and Gegory (1969) enployed dichotic listening to
investigate stutterers. They tested 20 adult stutterers (19
Mal e and 1 Femal e) and 20 appropriate controls. Al were the
all agedly right handed. They enployed several dichotic tasks,
one of which was Dichotic Wrd Test. This involved the recog-
nition of pairs of consonant - vowel - consonant words of high
famliarity, presented in groups of 6 pairs with 0.50 sec sepa-
rating each pair. After each group of 6 words had been presen-
ted the subjects attenpted to recall the 12 different words,
in any order and wi thout any concern of which words had been
presented to any particular ear. There were 12 groups of 6
pairs in the test. The anticipated right ear superiority was
sufficiently less for stutterers than for nonstutterers. 75%
of nonstutterers had right ear scores than were higher than

their left; that was true for only 45%of the stutterers.
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Quinn (1972) also investigated dichotic listening in stu-
tterers. His nethod was simlar to that of Curry and G egory;
nei ther evaluated the order of report. He exam ned 60 right
handed stutterers (53 male and 7 femal e) and matched controls.
He noted no difference between the two groups but did observe
that 12 individual stutterers had |left ear scores that were

hi gher than right ear scores.

Sl orach and Noehr (1973) exam ned 15 stutterers age
6.25 - 9.0 years. They dichotically presented digit pairs and
tested not only the free recall of degits but also the perform
ance on instructed order of report fromparticular ears. The

stutterersdid not differ fromcontrol s.

Kimura (1963) failed to find significant differences bet-
ween ear performances on dichotic listening tasks presented to

7 - 9 years old girls.

G uber and Powel | (1974) dichotically exam ned 28 ri ght
handed children stutterer and controls using degit pairs. They
failed to find significant inter-ear-differences for either

group. The subjects report was that of free recall.

Dorman and Porter (1975) evaluated 16 right handed adult
stutterers (12 males and 4 femal es) and conpared themto 20
controls (10 nmal es, 10 females). Subjects had to wite in res-

ponse to nonhuman speech consonant - vowel dichotic stinuli.
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There was no difference between stutterers and nonstutterers.

Sussman and Mac Neilage (1975) enployed a dichotic |isten-
i ng paradi gm and anot her paradi gm pursuit auditory tracking.
They contentended that dichotic listening tested el enents of
laterality pertaining to speech perception whereas the tracking
par adi gns tested speech production. This paradi gminvol ved
matching a tone in one ear to an externally varied tone in the
other ear. The fornmer tone was altered by transducer attached
to the tongue or jaw. The subject varied this tone appropria-
tely nmoving the tongue or jaw. Subjects were required to match
this transducer related tone to the externally varied tone.
The authors tested right handed male and fenale stutterers and
nonstutterers for laterality pertaining to speech perception.
(dichotic listening) and speech production (tracking paradi gm.
They noted a right ear advantage (REA) for both nonstutterers
and stutterers on the dichotic study. Stutterers did not
differ fromnonstutterers in laterality related to the verbal
hearing. On the tracking paradigmnormals had a right ear
advant age whereas stutterers did not (i.e. nonstutterers best
altered the transducer tone when they heard it in the right ear
and had to match it against the externally varied tone in the
| eft as opposed to having the transducer tone in the left and
the externally varied tone in the right). This indicated a
| eft hem sphere dom nance for nonverbal output. Stutterers did

not denonstrate this laterality for nonverbal output.
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Wiy is so much contradiction in these studies; Sone
aut hors have found that stutterers have nornal laterality,
others do not. Whilereviewing dichotic tests Rosenfield
(1980) opines that "stuttering may well be a syndronme com
pl ex and not a unitary honbgenous di sturbance. The above
studies tested different variables and different stinuli.
Per haps the above authors were in error by mxing males with
femal es since the preval ence of stuttering differs so nuch
among mal es vs. femal es. Since many children | oose their
stutter perhaps it is an error to m x children or adol escents
with adults in these experinmental paradigns. Since handed -
ness is an issue in stuttering perhaps one should not m x
strongly right handed stutterers with stutterers of any other

handedness".

The study of Goodgl ass and Rosenfield (1980) was wel |
controlled. They evaluated strongly right handed adult male
stutterers on a dichotic consonant vowel (human speech) para-
digm and on a nelody dichotic paradigm 19 right handed nal e
stutterers and 20 matched controls were tested. All were
right handed in all areas of Edi nburgh Handedness Inventry
(Adfield, 1971) native speakers of English and had no known
hearing | oss. The nean age of the stutterers was 26.8 years
while that of controls was 26.1 years. The nean grade |evels

were 14.8 and 14.9 respectively.
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Subj ects were tested in a quiet room and heard the nusic

and consonant vowel tapes appropriately counterbal anced.

For the consonant tape they were told that they would
hear two different syllables sinultaneously, each taken from
a set of six syllables (pa, ta, ka, ba, da, ga). These six
syl l ables were on the top of the answer sheet. They then
bi naurally heard the syllables. The subjects wote the two
syl | abl es which they heard first. The subjects were instructed

to always wite two syllables, even if they had to guess.

For the nusic tape, the subjects were told that they
woul d hear two different nel odies simnmultaneously followed
by four binaural nel odies which were separated by 3 sees pauses.
They had to match each of the dichotically presented nel odies
with one of the four binaural nelodies by marking on an answer
sheet the appropriate letter (A B, C, D) corresponding to
position of binaural nelody in the sequence. They were

instructed to guess when uncertain.

The findings of this study (Goodglass and Rosenfield, 1980)
confirmed the findings of Curry and Gregory (1959) i.e. Mre
stutterers than the normals failed to have a left ear (right
hem sphere) advantage for nelodies. G oup analysis of ear

advant age for consonant vowel stinmuli failed to distinguish



21

stutterers fromcontrols.

EAR PREFERENCE FCR MUSI C:

Nandur (1976) devel oped a test based on his pilot study.
The test consisted of Western classical tunes, purely instru-
mental in nature with no verbal conponent. It was considered
as nonverbal stinmuli. The reason for selecting these tunes
were to reduce the famliarity and thus it makes difficult for

the subjects to identify.

The test had 13 events out of which 10 were test events
and 3 were control events. In each test event one ear received
a constant piece of tune and the other ear received the distorted
version of the constant tune and two other distorted tunes, one
at atime in a dichotic fashion. After listening to the whole
event, the subject was asked to find out as to which one of the
three distorted tunes resenbled the constant piece of tune in
the other ear. In the control event, the distorted version of
the constant tune was not present and it was replaced by another
di storted tune. The subject was expected to indicate that
t here was no resenbl ance between the constant and the three

di storted tune.

First, each subject was presented 13 events and then the
ear phones were reversed and the whol e tape was played back.
The total nunber of correct identifications from 10 test events

was converted into the Percentile scores.
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Three groups of subjects were tested in his study - 50
normals (25 males and 25 femal es), 10 stutterers and 10 trai ned

musi ci ans. Their ear preference for nusic was conpar ed.
The foll owi ng conclusions were drawn: -

1) In normals there was a significant difference between the

two ears for the perception of nusic.

1) Both normal males and normal fenales had a significant
ear preference, however, the magnitude of preference was

greater in males.

I11) No significant difference between two ears in stutterers
and trained nusicians was found i.e. these groups did

not exhibit a clear cut ear preference.

AUDI TORY PROCESSI NG AND PERCEPTUAL OF ORGANI C AND FUNCTI ONAL

STUTTERERS

Li ebetrau and Daly (1981)'s investigation was undertaken
to determne whether significant differences in auditory pro-
cessing and perceptual abilities exist between (1) stutterers
as a supposedly honogeneous group when conpared with controls
(2) two differentiated sub-groups of stutterers and (3) either
of the stuttering sub-groups when separately conpared with
controls. Dichotic listening and masking |evel difference (MD)

tasks were adm nistered to the two groups of school age
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stutterers and an age matched nonstuttering control group.
Stuttering subjects were differentiated into organic and
"functional" sub-groups on the basis of neurophyehol ogi cal
test performances. Oganic stutterers perforned signifi-
cantly poorer than did controls on one M.D experinental con-
dition. Functional stutterers performed nore |ike control

subjects than like organic stutterers.

CENTRAL AUDI TORY FUNCTI ON | N STUTTERI NG

Hal | and Jerger (1978) have assessed Central Auditory
Function in 10 stutterers and 10 nonstutterers. The perfor-
mance of the two groups was conpared for seven audionetric
procedures including acoustic reflex threshold, acoustic re-
flex anplitude function, performance intensity function for
synthetic sentence identification, synthetic sentence identi-
fication with ipsilateral conpeting nessage, synthetic sen-
tence identification with contral ateral conpeting nessage and
the staggered spondaic word test. Relative to the control
group, the performance of the stuttering group was depressed
on three procedures - the acoustic reflex anplitude function,
synthetic identification with conpeting nessage and staggered
spondaic word test. As a group, stutterers presented evidence
of central auditory deficiency. The pattern of the test results

suggest a disorder at the brainstem|evel.
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Toscher and Rupp (1978) assessed central auditory func-
tion in stutterers and nonstutterers using synthetic sentence
identification test (Speaks and Jerger, 1965). The perfor-
mances were conpared. An analysis of variance reveal ed that
the performance of the stuttering group was significantly
poorer (0.01 level of confidence) than that of the nonstutterers

on the Ipsilateral Conpeting Message Subtest.

Many of the other tests too suggest a neurol ogical dys-
function within the central auditory apparatus as at | east

one of the underlying causes of dysfl uency.

LATERALI ZATI ON VS. LOCALI ZATI ON

The terns lateralization and | ocalization have been used
interchangeably in literature. Usually "localization" refers
to position of a sound source in one's imediate sound field,
"l ateralization" on the other hand, sound i mages. The arbi-
trary nature of this distinction may be denonstrated as a func-

tion of instructions to the patient.

Position a Bone Conduction vibrator on the subjects
m dline forehead with ears occluded. Then give one or two
alternative sets of instructions (A C ose eyes == point to
an i magi nary novabl e | oudspeaker which a producing the tone

in question or simlarity. (B) Indicate sone point on or
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within the confines of the skull at which the sound seens to
be located. |In either instance the subject routinely follows
directions with ease in (A pointing to sone spatial |ocation
(localization) and in (B) selecting a site on the crani um

(lateralization) (Sullivan, 1967).

| NTERAURAL | NTENSI TY RELATI ONS FOR MEDI AN PLANE LATERALI ZATI ON:

Under conditions of binaural earphone listening a diotic
acoustic stinmulus results in the perception of a unitary
image within or immediately adjacent to the head at the m d-
sagittal plane. This phenonenol ogi cal experience can be nade
to lateralize toward either ear by sinply adjusting the inter-
aural intensity between earphones. Thus, increasing or de-
creasing intensity in sufficient magni tude to oneear phone wl|

cause the inmage to |lateralize toward or away from that side.

Intracranial |ateralization behaviour has been used to
study binaural auditory processing in tinme intensity trades
as a theoritical nodel for binaural release from masking
(Hafter, 1971) and clinically in gaining diagnostic information
on auditory brain stemlesion (Jerger, 1960, |1959; Carhart,
1969, Groen, 1969).

Vargo and Carhart (1972) used 10 normal adults, who adjusted

signal intensity at one ear at .25 and 2 KC/S to achieve a md
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sagittal image with the same train of 0.5 sec pulses at 60 dB
SPL in the other (fixed-level) ear. 10 judgenents were nade
for each frequency at each of two sessions 1 week apart. Ear
order (L-R) was counterbal anced within each session. Ear

order was not found to be significant. A standard devi ation

of about 5 dB indicates that an interaural intensity difference
of 10 dB shoul d adequately describe the range of nornal beha-

viour in this task.

EFFECT OF FREQUENCY AND AURAL ACUI TY ON LATERALI ZATI ON:

In an experinent applying signal detection rating to the
study of auditory lateralization (Elfner and De |'Aune, 1969)
the sensitivity to a shift of sound inmage left or right of
centre seened to be facilitated at |ower frequencies. MIls
(1960) had reported a frequency effect, but Elfner and Tonsic
(1968) did not. In conparing his interaural intensity thresh-
old data with interaural intensity differences produced by
the m ni mum audi bl e angle (ma.a.) about the medi an pl ane,
MIls found that the earphone data agreed with the Freefield
data over the/range from1.5 - 6 Kc/S. At about 6 Kc/S, the
freefield interaural intensity differences increased and the
interaural intensity threshol ds decreased. Elfner and
De |"Aune (1969) also noted slight differences in sensitivity
for right and left direction of shift when the subject had

bi naural differences in absolute threshol ds.
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El fner and De L' Aune (1977) used rating method to deter-

mne sensitivity to intensity produced lateral shifts in a

bi naurally fused and centred auditory image. Stimuli were
pure tones at 0.5, 1, 2, 4, or 8KC/S at 30 dB SL. A signi-
ficant trend was found for the higher frequencies to yield

di m ni shed sensitivity. No effect of interaural intensity

t hreshol d i nbal ance was observed on the detectability of R
Vs L direction of the shift. However, Ss with audionetric

i nbal ance of > 5.dB perforned at a significantly higher

| evel than those with synmmetric audiogranms at the test frequency.

EAR TO EAR LATERALI ZATI ON OF AUDI TORY | MAGE

Meena Devi (1977) conducted an experinent to see whet her
there exists any significant difference in shifting the fused
auditory image fromright ear to left ear and vice-versa for

ri ght handers and |eft handers.

15 right handers and 10 |eft handers served as subjects
in her study. Pulsed tones (500 Hz - 4 KHz) and GV syl |l abl es

(pa, ba, ka, ga, ta, da) were used as stinuli

The stimuli were always presented dichotically at 20 dB
SL. A fused auditory inmage was formed in right ear first,
by increasing the intensity of the signal in right ear. This
i mage was later shifted to the left ear. The anount of inten-

sity required to shift this fused image to left ear was found
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out. Simlarly, a fused auditory imge was formed in |eft
ear first and then it was shifted to right ear. The anount
of intensity required to shift the image fromleft ear to
right ear was also obtained. The obtained results for right
ear to left ear lateralization and left ear to right ear

| ateralization were conpared. The data were anal yzed sepa-
rately for both right handers and left handers. The con-

clusions drawn were as foll ows: -

(1) I'nright handers, there was no significant diffe-
rence in the amount of intensity required to shift the fused
auditory image of the pul sed tones(500 Hz and 1 KHz)from right

ear to left ear and vice-versa.

(I'1) Inright handers, there was a significant difference
in the anount of intensity required to shift the fused audi-
tory imge of the pulsed tones (2 KHz and 4 KHz) fromright

ear to left ear at high frequencies.

(I'11) In left handers, there was no significant difference
in the amount of intensity required to shift the fused audi-
tory image of the pulsed tones at all frequencies tested

(500 Hz - 4 KHz) .

(I'V) There was a significant difference in the amunt of

intensity required to shift the fused auditory imge of CV
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syll ables fromright ear to left ear and vice-versa, in right

handers.

(VM) No significant difference was found in the perfornance
of right handers in shifting the auditory imge fromright ear
to left ear and vice-versa for both the nonverbal and verbal

stinmuli (pure tones and CV syl | ables).

(M) The study has suggested that there is involvenent of

cortex in lateralization task
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METHODOLOGY

SUBJECTS:

The study is conprised of twelve nornmals and ten stu-
tterers. For easier analysis and conparison normals are
termed as Goup A and stutterers are terned as G oup B.

G oup Aconsisted of 9 males and 3 fermales, ranging their
age from17 years to 21 years (Mean = 18 years). Goup B
consisted of 9 nales and 1 fermale ranging their age from 18

years to 21 years (Mean = 18. 2).

The criteria for selecting the subjects were the
followng: (A They should be right handers. (Handedness
was determ ned by asking the subject how he/ she woul d brush
teeth, conb hair, use hamrer and wite) (B Their hearing
t hreshol d | evel shoul d be wi thin 25 dB, for the frequenci es 500,
1000 and 2000 Hz. (Q The difference between the threshol ds

of the two ears should not be greater than 10 dB.

RECCRD NG OF THE TEST MATERI ALS: Two ki nds of test stimuli

were used in the study. They were (1) CV. syllables and

(1) Music.

(1) CV. Syllables: Pa, ba, ka, ga, ta, and da were recorded

in the cassette. Tape recorder used was philips F. 5112 Stereo

Cassett e deck.
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A mal e speaker spoke these syllables, keeping the

intensity constant. The V.U. neter of tape recorder,

gave the indication, so that the intensity was kept con-
stant. The speaker was asked to keep the duration between
two syllables constant. The recording was done for about

20 m nut es.

(I'') Music: For the second part of the experiment. Western
nmusi ¢ was recorded in the sanme cassette used for C. V.Syll abl es.
The recording was done through Stereo tape recorder for

about 40 m nutes. The stinmuli were considered nonverbal .

EQUI PMENT AND TEST ENVI RONMENT:

Mainly two instrunents are used in this experinent
nanely a dual channel clinical Audioneter (Beltone 200-C)

and a tape recorder(Philips F 5112 Stereo Cassette deck).

The operating control and rear jack pannel of the audi o-
meter is shown in figure-1 and figure-2 respectively. The
audi oneter was equi pped with dynam c ear phones Tel ephonics

Type TDH-49.

The tape recorder was used to record the test material
and it was played, while testing. The output of the tape
recorder was connected to the input "tape" jack of the audio-
meter (fig.2). The connection was done through a cable.

The presentation levels in each ear could be controlled sepa-

rately.
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Testing was always conducted in two sound treated room
set-up which fulfilled the levels prescribed for audionetric

pur poses.

The noise levels inside the roomat octave intervals
wer e neasured using Sound Pressure Level Meter (Bruel and
Kj aer type 2203 with Cctave filter set Bruel & Kjaer type
1613) and a condensor mi crophone(Bruel and Kjaer type 4145).

The noi se | evel s have been presented in Appendix "A.

CALI BRATI ON OF THE AUDI OVETER

The audi ometer was calibrated to ANSI 1969 specifica-
tions,using Bruel and Kjaer equipnment. The headphones (Tele-
phoni cs TDH- 49) of Beltone 200-C was coupled to the condensor
m crophone (B & K type 4145) of the SPL neter (B& type 2203)
with its associated octave band filter set (B & K type 1613)
by means of a standard 6 cc coupler. The SPL output of each
ear phone of both the channels 1 and 2 were checked at octave

band intervals from 250 Hz to 8000 Hz (Appendix B) .

Audi oneter was checked for its linearity. Frequency

calibration was done by coupling first, the TDH 49 earphones

34

of the audioneter to the condenser mcrophone (B & K type 4145)

of the SPL neter ( B & Ktype 2203) with its associated

octave band filter set (B & K type 1613) by neans of 6 cc
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coupler. The output of the SPL neter was then fed to the
frequency counter (Radart type 926 B) to check its fre-

quency calibration at different frequency settings.

Harmoni ¢ distortion of the signals was checked at one
octave higher than the test frequency signals and was found

to be less than 3%di stortion.

Calibration of the audi oneter was done once in fifteen

days.

PROCEDURE:

Each subject was tested as follows: -

Right and left ear pure tone thresholds for 500, 1000

and 2000 Hz were determ ned. Pure tone average was cal cul at ed.

S.RT. was determ ned by using spondee words (Standardized

by Swarnl atha for english and devel oped by Mythili for Kannada).

Further, Ear to ear | ateralization test was conducted

for (1) CV syllables and (I1) Music.

For both CV syllables and nmusic Ir - | and I, - r Were

obtai ned as foll ows: -

(1) C.V.Syll ables:

The subj ect was instructed "at first, you will hear
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speech sounds |ike pa, ba, ka, ga, ta, and da in both the
ears sinmultaneously. Later, when you hear these sounds
inright ear, raise your right finger, or, when you hear

these sounds in left ear, raise your left finger. Wen you
can not decide in which ear you are hearing the sounds, do

not raise your finger. Raise your right finger or left finger
only when you are sure that you have heard the sounds in

right or left ear, respectively. Do you have any doubt?"

otaining g _ | : The C V. syllables through tape recorder
were fed to the audioneter and the subject heard these syll ables

t hrough ear phone.

1. At first the stinmuli were presented sinultaneously

to both the ears at 20 dB above the SRT.

The intensity of right ear and left ear signals were
controll ed by channel one and channel two respectively. Let
the dial readings of right ear and left ear be X; and Y; dB
respectively. At this time the subject will be hearing

centrally or in both the ears.

2. Now the intensity in right ear was raised in 1dB
steps (keeping the intensity constant in the left ear at
Y:, dB, until the subject had indicated that the sound inmage
had lateralized to his right ear. The dial reading of the

right ear was noted down. Let it be X, dB.
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3. Nowthe intensity in the left ear (which was at
Y, dB) was raised in 1 dB steps keeping the intensity con-
stant in the right ear at X, dB until the subject indicated
that the sound inmage had lateralized to his left ear. The

dial reading of left ear was noted down. Let it be Y, dB.

4. The intensity required to shift the fused i nage
fromright ear to left ear I | = (Y2, - Yy )dB, was cal cu-

| at ed.

(btaining I, g The test procedure to obtain |, Rris

simlar to that of obtaining I | except that the inage
was first formed in the left ear. However, the procedure

was as foll ows: -

1. CV. Syllables were presented at 20 dB above the
SRT to both the ears. The dial readings of right ear and

| eft ear were noted down. Let it be X; and Y; db respecti vely.

2. The sound inmage was first fornmed in the left ear.
This was done by raising the intensity in the left ear until
the subject had indicated that the sound i mage had | atera-
lized to his left ear. Let the dial reading of the left ear

be Y, dB.

3. Next, the intensity in the right ear (which was at
X; dB) was raised, keeping the dial of left ear at Y, dB.
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The intensity was raised until the imge had shifted from
left ear to right ear. Let the dial reading of right ear

be X5 dB.

4. The intensity required to shift the imge fromthe

left ear to right ear i.e. I R = (X2 - X;) dB was cal cu-

| at ed.
(1) Music:

The subject was instructed as follows: - "Initially you
will hear nmusic in both the ears. Later, when you hear nusic

in right ear, raise your right finger. O when you hear to
your left ear, raise your left finger. |If you cannot decide
as to which ear you are hearing the nusic, do not raise your
finger. Raise your right finger or left finger only when you
are sure that you have heard nusic in your right or left ear

respectively. "Do you have any doubt ?".

otaininglr |

1. The nusic was presented sinultaneously to both the
ears at 20 dB above the SRT. Let the dial readings of right
ear (channel one) and left ear (channel two) be X; and Y;
dB respectively. At this tinme the subject will be hearing

centrally or in both the ears.
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2. The intensity of the signal in the right ear was in-
creased, keeping the intensity constant at 20 dB above SRT
inthe left ear (Y; dB). Intensity was increased in 1 dB
steps until the subject indicated that the sound inage had
|ateralized to his right ear. The dial reading of right ear

at this level was noted down let it be X; dB

3. Nowthe intensity in the left ear (which was at Y;
dB) was raised in 1 dB steps keeping the intensity constant
inthe right ear at X, dBuntil the subject indicated that
the sound inage had lateralized to his left ear. The dial

reading of left ear was noted nowmn. Let it be Y, dB.

4. The intensity required to shift the image fromri ght

to left i.e. Ir L = (Y2 - Yy dB, was cal cul at ed.

(btaining I, g The test procedure to obtain I, Rris
simlar to the procedure of obtaining Ir _ | except that
the inmage was first formed in the left ear. However, the

procedure was as follows: -

1. The stimulus was presented at 20 dB above the SRT

in both the ears. The dial reading of right ear and |eft

ear were noted down. Let it be X; and Y; dB respectively.

The sound image was first formed in the left ear. This

was done by raising the intensity inthe left ear until the
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subj ect had indicated that the sound inmage had lateralized to

his left ear. Let the dial reading of the left ear be Y, dB.

3. Next the intensity in the right ear (which was at X;
dB) was raised, keeping the left ear's dial at Y, dB. The in-
tensity was raised until the subject indicated that the sound
image had shifted fromleft ear to right ear. Let the dia

reading of right ear be X, dB.

4. The intensity required to shift the fused i mage frow
the left ear to right ear i.e. I, _r = (X - X;) dB was cal -

cul at ed.

The experinent was repeated in the sanme setting to check
thereliability of the experinment, i.e. Ir_ L andl__r

were found out twice for both CV syllables and nusic.

Tn order to see that there is any channel difference in
t he audioneter; four normals were tested. At first, channel 1
was used for right ear and channel 2 was used for left ear.
Il _rLand I, _ g were found out. Then right ear intensity was
controlled by channel 2 and left ear channel was controlled by
channel 1. Again Ig _ [ and I, _ r were found out. No signi-

ficant difference between two channels was observed.

Since there was nointensity difference, all the studies were
done with fixed channels viz. R ght earphone was controlled by

channel 1 and Left ear phone was controlled by channel 2.
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RESULTS:

Results of this experinment are described in the follow ng
steps: (1) Finding the channel difference i.e. an attenpt was
made to find whether there is difference between two channels
of the audioneter. (I1) Results obtained fromG oup A subjects,
(1''l') Results obtained from G oup B subjects (stutterers).(IV)
Conparison of the results obtained from Goup A and G oup B

subj ect s.

| . FINDING THE CHANNEL DI FFERENCE: To determ ne whether there

is difference between two channels of the audi oneter or not, 4
normal subjects were tested using the two stinuli CV syllables

and nusi c.

Firstly, right ear intensity was controlled by channel 1
and left ear intensity was controlled by channel 2. Two read-
ings were taken to find I _ L and I, _ r for both stimuli.

Means of these two readi ngs were found out.

Secondly, right ear intensity was controlled by channel 2
and left ear intensity was controlled by channel 1. Simlarly

two readings were taken tofind I _ and I, _ g fO both

stimuli. Means of these two readi ngs were found out (Table-1).
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From the Teble-1a and 1b it is evident that the error due to
the channel differences ranged fromO dB to 3 dB. Since this
error was negligible, the subsequent studies were done using

channel 1 for right ear and channel 2 for l|eft ear.

Table-la : Igr _ | and I _ g values for CV syllables from changing
t he channel of the audionmeter. Key: R E. - R ght Ear;
L.E - Left Ear. Ir _ | - intensity required to shift
fused imge fromright ear to left ear; I, _r - inten-
sity required to shift the fused inmage fromleft ear to
right ear.
CV Syl | abl es
Sub. RE Chan. | RE Chan.2 FError RE Chan.| RE Chan.2 FError due
No. LE Chan. 2 LE Chan.| due to LE Chan.2 LE Chan.l todiffe-
diffe- rence in
rence channel s.
in
chann-
el s.
Il r - L IR - L L - R
( Mean) ( Mean) ( Mean) 2&6&53
1 6 6.5 .5 7 7.0 0
2 7.5 9.0 1.5 8.5 7.0 1.5
3 10.5 13.0 2.5 8.5 10.5 2.0

4 6.0 8.0 2.0 7.5 6.5 .5
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Table-1b : Ir _
channel

L and I, _rvalues for Miusic from chancing the
of the audioneter. Key: R E. - R ght ear;
L.E. - Left Ear. Ir _ | - intensity required to
shift fused image from right ear to left . _r
intensity required to shift the fused inmage from
left ear to right ear.

ear,

Musi ¢
Sub.
No. RE Chan. | RE Chan.2 FError RE Chan. | RE Chan.2 Error
LE Chan.2 LE Chan.| due to LE Chan.2 LE Chan.| due to
diffe- di ffe-
rence rence
in cha- in Cha-
nnel s. nnel s.
lr - L lr - L L - R L - R
(Mean) (Mean) (Mean) (Mean)
1 10 9 1.0 8.5 9.5 1.0
2 12.5 12.0 .5 12 15 3.0
3 13.5 14.0 .5 14.5 17.5 3.0
4 12.5 11.0 1.5 13.0 13.5 .5

I . RESULTS OBTAI NED FROM GROUP A:

required to shift the fused inmage fromright ear

(g _ L )and the intensity required to shift

(I, _Rr for

|l eft ear

to rioht ear

music in normals (Goup A

both stinmuli

to left

Table 2 shows the intensity
ear

the fused inmage from

CV syl |l abl es and
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Tabl e-2: Showi ng the anpunt of intensity required to shift fused
auditory image fromright ear to left ear (Ig _ () and
fused auditory inmage fromleft ear to right ear(l. _ R
for CV syllables and nusic in normals (Goup A

CV Syl l abl es Musi ¢
Sl . No.
I- R- L L - r Il r - L ' w
(in dB (in dB) (in dB ( in dB)

1 6 7 10 8.5
2 7.5 8.5 12.5 12.0
3 10.5 8.5 13.5 14. 5
4 6 7.5 12.5 13.0
5 16.5 8.5 24. 5 18.0
6 10 8.5 12.5 9.5
7 3.5 15.5 12.0 9.0
8 10.0 5.0 8.0 6.0
9 9.5 10.5 6.0 10.5
10 10.0 8.5 12.0 15.0
11 13.5 12.5 22.0 17.5
12 9.5 10.0 9.0 11.0

Mean (M) 9.37 9. 20 12. 87 12. 04

St andar d

Devi ati on

(S.D 3.45 2.71 5.35 3.68
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For CV syllables the nmeans for Ig _ | and I, _ r Were
found to be 9.37 and 9.20, respectively. The differences
were not statistically significant. The SDs were found to

be 3.45 and 2.71 for Ig _ | and |, _ r respectively.

For Music, the nean values for Igr | and I, _r were
found to be 12.87 and 12.04. The differences between these
two means were not statistically significant. The SD for

lr L was 5.35 and for I _ g was 3.68.

The nmean value for Ir _ | for CV syllables was 9.37

and the nean value for Ir | for nusic was found to be

12.87. These nean differences were statistically signifi-
cant at 0.05 level. Normal subjects required significantly
| esser intensity to shift the fused, auditory inage from
right ear to left ear for CV syllables than nmusic. To shift
the fused change for nusic fromright ear to the left ear,

normal subjects required nore intensity.

Simlarily the mean values for |, _ g for CV syllables
was found to be 9.20 whereas for nusic it was found to be 12.04
Again, the differences between these two nmeans were statistically
significant at .05 level. i.e. normal subjects required signi-
ficantly lesser intensity to shift the fused inmage from | eft

ear to right ear for CV syllables than nusic.
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I'11. RESULTS OBTAI NED FROM GROUP B SUBJECTS:

Tabl e- 3A shows the anobunt of intensity required to
shift fused auditory image fromright ear to left ear (lr _ L)
and fromleft ear to right ear (I, _ g for CV syllables and

music in stutterers.

For CV syll ables the nmean values for Ig _( andl _ R
were found to be 14.6 and 14.15 respectively. These nean
di fferences were not statistically significant. The S. D. for

lr L was 6.49 and for |, _r was 9.89

For music the nean values for Igr | and I, _r wWere
found to be 15.95 and 14.80 respectively. The differences were

not statistically significant. SDs were 10.62 and 11.13 res-

pectively.
The mean val ues for Ig _ | for CV syllables andIlg_|

for nusic were found to be 14.6 and 15.95 respectively. These

mean differences were not statistically significant.
Simlarity the nmean value for I, _r- for CV syllables

was found to be 14.15 and I, g for nusic it was found to

be 14.8. Again, these nean differences were not statisti-

cally significant.



Tabl e-3A: Showi ng the amount of intensity required to shift
fused auditory image fromright ear to left ear
(g _ 1) and fused auditory inage fromleft ear to
right ear (I, _ g for CV syllables and nmusic in
stutterers (Goup B).

CV Syl | abl es Musi c
S . No.
(i o 05 a5 (Fn dp) (n db)
1 10 8.5 7.5 10.5
2 8 55 8.0 5.5
3 14.5 4.5 9.0 11.0
4 25.5 22.0 17.0 17.5
5 16.5 22.0 17.0 19.0
6 14 7.0 10. 0 8.0
7 9 15.0 18.0 19.5
8 7.5 5.5 14.0 4
9 25.0 34.5 44.0 42.5
10 16. 0 17.0 15.0 10.5
Mean( M 14. 6 14. 15 15. 95 14. 8

S. D 6. 49 9.89 10. 62 11. 13
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In this group there was only one subject (subject No.?9)
who devel oped stuttering at later age (stuttering was not
reported since childhood). He required nore intensity to
shift the fused auditory inmage fromright ear to left ear
and left ear to right ear, for both CV syllables and nusic.

The reliability of his responses was checked tw ce.

Mean values forlg _ [ and I, _r for CV syllables and

nmusi ¢ are conputed excluding this particular case.

Tabl e 3B sc?ows lr L and I, _ r values (with neans) for
an

CV syl l abl es/nusic for nine subjects (subject No.9 is excluded).
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Tabl e- 3B: Showi ng the anmount of intensity required to shift

fused auditory image fromright ear to left ear
(g _ 1) and fused auditory image from left ear
to riaht ear (I, _ g for CV syllables and Misic
in stutterers for only 9 subjects (excluding sub-
ject No.9).

CV Syl | abl es Musi ¢
Sl . No.

IR - L L - r IR . L L. R
(in dB) (in dB) (in dB) (in dB)

1 10 8.5 7.5 10.5

2 8 5.5 8.0 55

3 14.5 4.5 9.0 11.0

4 25.5 22.0 17.0 17.5

5 16.5 22.0 17.0 19.0

6 14.0 7.0 10.0 8.0

7 9.0 15.0 18.0 19.5

8 7.5 5.5 14.0 4.0

10 16.0 17.0 15.0 10.5
Mean 13. 44 11. 88 12. 83 11.72
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COVPARI SON OF RESULTS OBTAI NED FROM GROUP A AND GROUP B

Qoserving the nmean values of Table 2 and Table 3A, it can
be interpretated that stutterers require nore intensity to
shift the image fromright ear to left ear and vice versa for
both CV syllables and nusic. The neans are conpared using

t-test the results are as foll ows: -

1. The nean val ue for for CV syllables in normals
was 9.37 whereas in stutterers it was found to be 14.6. These

nmean differences were statistically significant at .05 |evel.

2. The mean value for I, g for CV syllables in normals
was found to be 9.20 whereas in stutterers it was found to be

14.15. These nean differences were not statistically significant.

3. The nean value for Ig | for music in normals was
found to be 12.87, whereas in stutterers it was found to be

15.95. These nean differences were not statistically significant.

4. The nmean value for I, g for nusic in normals was
found to be 12.04, whereas it was found to be 14.8 in stutterers.

These nmean differences were not statistically significant.

For quick reference, table 4 and Table 5 have been presented.

Table 4 shows the t-values (Paired t - test was used to conpare
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the performances within the groups). Table 5 also shows
the t values (t-test was used to conpare the performnces

bet ween Group A and Group B) .

Figure 13 represents the nmean values of Ir | and
. _rfor CV syllables and nmusic in both the groups.
Mean value is also calculated excluding the subject No.9

of Goup B and shown in the graph.



Tabl e- 4:
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Shows the t val ues. Paired t-test was used to find
whet her these is significant difference in intensity
required to shift the fused auditory imge from one
ear to other ear.

Key: N.S: Not significant - at .05 |evel.

S:

(0]

8 3]

Significant at .05 |level but not at .01 Ievel.

————————— — T —— T A — — ————— S o S —————

Variable egree of t - values
I I (CV syllables) 11 - o122
I\ == N
Vs IT _ (ev sylla- (N.S)
o == Y
bles)
I # (Music) vs 11 - 0,898
I“ ) (Music) (N.S)
L -R V77
I, _ i oV syllables) 11 2.98
o= ot : (s)
L= i & v = |
Vs Io _ 1, (Music)
I, g (CV syllables) 11 3627
ol B i (s]
Vs I, _ o (Music)
Ip ., (CV syllables) a -0.235
i (N.S)
vs. I F(CU syllables)
r _ 1, (Music) Vs, 9 -0.,927
I _ (Music) (N.5)
L - I
I, _ 1 ( CV syllables) 9 0.526
Y e < . (N.S)
vs I, (Music)
R =L
I (cv sylilables) a .435
s & . (N.S)
vs I - (Music)

—— T — — ———— . —— —————— —— —— - —— - — i ——— - — S ———— -



Table:5 - Shows the nmean and t-values. t-test was used to determ ne whether
means obtained from G oup A and Goup B are statistically signifi-
cant or not.

Key :- NS - Not significant at .05 |evel

S - Significant at .05 |evel but not at .01 |evel.

CV syl | abl es Musi ¢
Mean Mean t val ues Mean Mean t val ues
G oup A G oup B G oup A G oup B
| R _ L
9. 37 14.6 2.41 12. 87 15. 95 -0.881
(S) (NS
| 9.20 14. 15 1. 67 12.0 14. 8 . 823
L _R
(NS (NS

Qo



Intensities in decibels(ds)

A

e
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B Group A Q‘Q‘«‘W“lﬂ) : .

B Crovp BC S‘s&u‘\tewe-as)

B Group B excluding Sub,No.9

16

14

!SI A

=t

i i A pen b Tner
(CV sy}.lables} (cv Syllables) (Music) (Music)
| Fiﬂre.B Mean values 6f I, g andI. | o for CV syllables and

music obtained from Group A, Grcrup B and Group B
subjects emcluding the subject No,9.
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DI SCUSSI ON

According to Orton (1928) and Travis (1931) stuttering
results from inconplete cerebral dom nance. The theory has
been repopul ari zed by Jones (1966). After nany years cere-
bral dom nance hypothesis enjoys renewed interest (More and
Haynes, 1980). Handedness seemto be related with hem sphere
speci alization. Dichotic listening tests have been used to
determ ne cerebral dom nance. In such tests right ear pre-
ference has been typically observed for verbal and |linguistic
materials in nost normal right handed persons (Berlin and
Lowe, 1972; Kinmura, 1961; Moore and Weidner, 1975). This
right ear advantage indicates |left hem spheric processing for
verbal and linguistic stimuli. Simlarily left ear advantage
indicating right hem sphere processing for nonverbal acoustic
functions in nost normal right handed persons have been reported
(Mlner, 1962; Kinura, 1964; Channey and Webster, 1966; Berlin
and Mc Neil, 1974). \Wen dichotic listening tests were used
with stutterers they exhibited an absence, reduction or reversa

of right ear advantage for verbal or linguistic materials.

The evidence of central auditory deficiency has been
recently reported in the literature (Toscher and Rupp, 1978;
Hal | and Jerger, 1978; Liebetrau and Daly, 1981). Pinheiro
and Tobin (1969; 1971) opine that any lesion in the central

auditory systemmay interfere inter-aural intensity difference
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for intra cranial lateralization. Therefore the present in-
vestigation was undertaken to see whether there is any signi-
ficant inter-aural intensity difference for lateralization of

auditory image in stutterers as conpared to nornmals.

It has been reported that the cortex is involved in ear

to ear lateralization of auditory inmage (Meena Devi, 1976).

Overstake (1979) in his book "Stuttering”" — A new | ook
at an old problem based on neurophysi ol ogi cal aspects enpha-
sized the role of cerebellum and cerebral cortex in stutter-
ing behaviour. According to himcerebellumis like a |large
conputer that receives the information to act in a notor way.
It conputes the notor behaviours fromnuscle novenents or
patterns that have been |earned and sends the resultant or
conputer readout to the cortex. The notor cortex is a pro-
ject area of the brain fromwhich nerve inpulses are "fired"
So to speak, to initiate nuscle actions. The cerebral notor
cortex carries out the notor behaviour as specified by the
cerebellum The cerebellumis a store house of |earned or
acquired nuscle patterns, actions, behaviours etc. that have
been |earned or progranmed in its cells. Speech is considered
as one of the notor behaviours. Voluntary notor responses are
ordered by the cerebral cortex. They are conputed, programed
and initiated by the cerebellum The finalized or conputed

i nformati on concerning the nature of notor action is forwarded
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to the notor cortex which follow the program  Speaking utilizes
the nuscles of the lips, jaw, tongue, soft palate or velum
pharynx, larynx etc. The actions of the nuscles and nuscle
groups involved nmust be highly synchronized for speech to be
appropriately emtted. Speech appears to be acconplished in
the follow ng manner. The association areas of the cortex are
involved in receiving sensory stinuli, words etc, deciphering
them and abstracting their nmeanings. There areas are concerned
with the thinking process that occur. The person deci des what
he wi shes to say. This nessage is sent to the cerebell umwhich
programs that nuscle behavi ours necessary tosend the nessage
to speak. The nuscle activities for the articulation of speech
phonenmes and the associ ated notor behavi ours of breathing and

| angeal val ving (phonation) are conputed. The resultant or

pl anned program i s neurophysiologically transmtted to the cere-
bral notor cortex. The child between the ages of 2 - 4 pears
stutters because his nervous systemis not yet matured. There-
fore, the cerebellumis not yet able to handl e adequately or
satisfactorily the flow of nessages from the associ ation areas
of the cerebral cortex and convert theminto refined synergic
nmuscl e patterns to be carried out by the cerebral notor cortex.

The person who continues to stutter even beyond five years,
is the child who has thought to behavi our change. This change

can occur at any age at any tine. All peopl e think sonme words or
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sentences before they start tal king whereas the people having
stuttering do not think words ahead, nor do they think senten-
ces ahead while trying to speak at the same tinme. For them

speaking is behind or delayed in relation to thinking.

There are direct neural connections between the associ a-
tion or silent areas of the cerebral cortex, the parietal |obe
etc. and cerebellum |In opinion of Overstake there is confus-
ing state of affairs concerning nessages to the cerebellumin
terns of what is desired in the way of notor behaviours for
speech output. The cerebellum as conputer beconmes jamred, so
to speak so that phase relations are disturbed and nuscle
behavi ours for speech is lacking in synergy. Therefore repe-

tition, hesitation, prolongations and stoppages occur.

Overstake realizes that this theory is not the answer of
all the questions regarding stuttering, but he desires to sti-
nmul ate thinking along new lines of reasoning and facilitate
new research and experinentation that will be eventually result

in finding the correct answers of the problem

The present study is an attenpt to find whether there is
any difference in the performances of normals and stutterers on

ear-to-ear lateralization test.
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The results of the present study show that there is signi-
ficant difference between nean Ig _ | for CV syllables required
for normal subjects and the nean Ig _ | for CV syllables re-
quired for stutterers. The stutterers recruired greater Ir_|
val ues than normals. This finding suggests that the nechani sm
involved in shifting the fused auditory inmage for CV syll ables
fromright ear to left ear may differ fromthat of the norma
subjects. Does this indicate that in stutterers it wll be
difficult to shift the auditory image for CV syllables from
dom nant hem sphere (left hem sphere) to non-dom nant hem -
sphere? Further studies on the sanme lines of the present inve-

stigation may throw sone |ight on the above question.

Anmong the stutterers tested, one of the stutterers required
considerably greater I | and I, _ g values. This shows that
there are individual differences in stutterers. Individual
differences in stutterers are well docunented. The present
study al so showed individual differences in stutterers. Inter-
estingly, the stutterer who showed | arge individual difference
had onset of stuttering at about 12 years unli ke other stutterers
in the group (all the remaining stutterers had early onset of

stuttering).

Nor mal subjects show significant difference betweenlg |

(CV syllables) and Ir _ | (music). This difference inlg_
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between CV syllables and nmusic is not observed in stutterers.

Al so, normal subjects showed significant difference bet-
week I, r(CvV syllables) and I, g ( music). This difference

is not observed in stutterers.

In other words, normal subjects require less intensity
for shifting the fused auditory image of CV syllables from one
ear to other ear and require nore intensity for shifting the
fused auditory imge of nmusic fromone ear to another ear. The
results show that the stutterers required nore intensity for
shifting the fused auditory inmage for both CV syllables and
music i.e. their performance with regard to shifting the audi-
tory inmage from one ear to another ear does not differ for CV
syllables and nusic. Does this nmean that the nechani sminvol ved
in shifting the auditory inage fromone ear to another ear for
CV syllables and nusic is same in stutterers? Further study
on the sanme lines of the present study nay be undertaken to

get the answer.

Perhaps it may be pointed out that the final judgenent of
|ateralization is slightly inpaired in stutterers as they
required nore intensity for shifting the fused inmage. It is
believed that the final judgenent of lateralization is done

at the cortical |evel.
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Wth the above discussion it may be inferred that sone
organi c problem at the cortical |evel mght be responsible
as higher intensities were required for shifting the fused
image in stutterers. The present study shows that there is
sone sort of organic involvenent in stutterers at the cortical

| evel .
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SUMVARY AND CONCLUSI ON

The study is conprised of 12 normals and 10 stutterers.
Al the subjects of this study were right handers and they
had normal hearing in both the ears. Their age ranged from
16 years to 30 years. FEar to Ear lateralization test was
admni stered for all the subjects using recorded CV syll abl es

(pa, ba, ka, ga, ta andda) and Western nusic as follows: -

At first the stinulus was presented sinultaneously to
both the ears at 20 dB above SRT. The intensities of right
ear and left ear were controlled by channel 1 and channel 2
respectively. Let the dial readings of right ear be X; and Y;
dB respectively (20 dB above SRT). At this tinme the subject
heard the stinmulus centrally. Nowthe intensity of right ear
was raised in 1dB steps (keeping the intensity constant in
left ear at Y dB) until the subject heard the stimulus in the
right ear. The dial reading of the right ear was noted down.
Let it be X, dB. Now the intensity of left ear was raised in
1 dB steps (keeping the intensity constant in the right ear
at X, dB) until the subject lateralized the inmage in his left
ear. The dial reading of left ear was noted down. Let it be
Y, dB. The intensity required to shift the fused inmage from

right ear to left ear I _ L = (Y2 - Y1) dB was found out.

62
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Simlarily the intensity required to shift the fused
auditory image fromleft ear to right ear was al so found out
i.e. stinmulus was initially presented at 20 dB above S.R T.
in both the ears. The dial reading of right ear (assunmed X;)
and left ear (assuned Y;) were noted down. Now intensity was
raised in left ear keeping the right ear intensity (X;) con-
stant, until the image shifted to left ear. Let the dial read-
ing of left ear be Y, dB. Next, the intensity in the right ear
(which was at X; dB) was raised keeping the left ear's dial Y;
constant. This intensity was raised until the subject indicated
that the auditory inmage had shifted fromleft ear to right ear.
Let the dial reading of right ear be X, dB. The intensity re-
quired to shift the fused inmage fromthe left ear to right ear

(L _r was calculated as(X, - X; ) dB.

This test was done using two types of stinuli nanel y
CV syl |l ables and western nusic. Each test was repeated in order
to check the reliability of responses. The average score was

consi der ed.
The follow ng conclusions were drawmn from this study:-

1. There was no significant difference between the inten-
Sity required to shift the fused auditory image from right ear
to left ear (C V. syllables) and left ear to right ear (C V.

syl lables) in nornmals.
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2. There was no significant difference between intensity
required to shift the fused auditory inmage fromright ear to

left ear (nusic) and left ear to right ear (nusic) in normals.

3. Nornmal subjects required significantly |esser intensity
to shift the fused auditory inmage fromright ear to left ear
for CV syllables than the intensity required to shift the fused

auditory image fromright ear to left ear for nusic.

4. Normal subjects required significantly lesser intensity
to shift the fused auditory image fromleft ear to right ear for
CV syllables than the intensity required to shift the fused audi -

tory inage fromleft ear to right ear for nusic.

5. There was no significant difference between the inten-
sity required to shift the fused auditory image from right ear
to left ear (CV syllables) and left ear to right ear (CV syllables)

in stutterers.

6. There was no significant difference between the intensity
required to shift the fused auditory inmage fromright ear to

left ear (rmusic) and left ear to right ear (nusic) in stutterers.

7. In stutterers there was no significant difference between
the intensity required to shift the fused auditory image from
right ear to left ear for CV syllables and intensity required to

shift the fused auditory imge fromright ear to left ear for mnusic
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8. In stutterers there was no significant difference bet-
ween the intensity required to shift the fused auditory inage
fromleft ear to right ear for CV syllables and intensity re-
quired to shift the fused auditory inmage fromleft ear to right

ear for nusic.

9. Normals required significantly lesser intensity than
the stutterers to shift the fused auditory inmage fromright ear

to left ear for CV syllables.

10. There was no significant difference in intensity re-
quired to shift the fused auditory image fromleft ear to right

ear for CV syll ables between normals and stutterers.

11. There was no significant difference in intensity re-
quired to shift the fused auditory imge from right ear to |eft

ear for nusic between nornals and stutterers.

12. There was no significant difference in intensity re-
quired to shift the fused auditory image from left ear to right

ear for nusic between normals and stutterers.

LI M TATI ONS:

1. The present study was done on ten stutterers only.

2. Left handers were not included in the present study.
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RECOMVENDATI ONS:

1. It may be worthwhile to study the performance of
subj ects having central auditory dysfunction on the ear-to-

ear lateralization test.

2. As the present study has reveal ed individual diffe-
rence in stutterers nore nunber of stutterers differing in the

onset of stuttering may be tested.

3. The finding that the stutterers require greater in-
tensity for shifting the fused inage from one ear to another

ear, should be confirmed by testing a |arge nunber of stutterers.



REFERENCES



REFERENCES

Andrews, G Qinn, P.T. and Sorby, WA. "Stuttering: An inve-
stigation into cerebral dom nance for speech".
Journal of Neurol ogy, Neurosurgery and Psychiatry,
35, 414-418, 1971.

Adrian, E.D. and Mat hews, B.H C, "Berger Rhythm Potenti al

changes fromoccinital |obes in man", Brain, 57,
355-385, 1934.

Attshuler, MW and Comalli, P.R "Auditory Lateralization and
Body Tilt", JAR, 10, 257-262, 1970.

Benson, D.F. and Geschwi nd, N "Cerebral dom nance and its

di sturbances" Paediatric Clinics of North Anerica,
15, 759-769, 1968.

Benson, D.F. and Geschwi nd, N. "The aphasias and related dis-
turbances” I n: A B.Baker and WM Baker(eds.) Clini-
cal Neurol ogy, Hagerstown, Maryland, Harper, and
Row, 1977.

Berlin, C.1. "Review of binaural effects" |In AAOO Revi ew of
Scientific Papers, 1970.

Berlin, C.1. and Lowe, S. S, "Tenporal and dichotic factors in
Central auditory testing, in Handbook of Cinical
Audi ol ogy, ed. by J.Katz, WIIliamand W/ ki ns,
Bal ti nore, 1972.

Berlin, C. I, and M Neil, R M (ed) "Contenporary issues in ex-
peri nental phonetics", Academ c press, Inc, NY.,1976.

Bl oodstein, O "A Handbook on stuttering” Chicago, National
Easter Seal Society, 1975.

Blunstein, S, Goodglass, Hand Tarter, V "The reliability of
ear advantage in Dichotic |listening”, Brain and
Language, 2, 226-236, 1975.

Bocca, E et al "La D nension Tenporale Delia Percezione Uditiva
In udito Binauricolare"” Atti Delia Societa Italiana
Di Fonetica Foniatria E Audiologia, |X National
Congress, Rome, 1967.



Broadbent, E.E. "The role of auditory localization in atten-
tion and nmenory span" Jour. Exp. Psychol . 47,
191- 196, 1954.

Broca, P(1865) "Du siege de la faculte du | agage article"
Bulletins et nmenoires de la societe D Anthropol ogie
de Paris, 6, 377-393 cited by Moore and Haynes
(1980) .

Bryden, M P. "An evaluation of sone nodels of laterality effects
indichotic listening”". Acta oto-lar.63, 599-604,
1967.

Bryngel son,B "A study of laterality of stutterers and normal
speakers".- J. Speech Di sorders, 4, 231-234, 1939.

Carnon, A, Lavy, S, Gordon, Hand Portnoy, Z (1975) "Hem spheric
di fferences in CBF during verbal and nonverbal
tasks" Brain work, Al fred Benzon Synposium |V
Munksgaard, cited by More and Haynes(1980).

Callaway, E and Harris, P.R (1974), "Coupling between cortica
potentials fromdifferent areas" Science, 183,
873-875 Cited by More and Haynes (1980).

Chaney, R B., Jr. and Webster, J.C (1966) "Information in certain
mul ti di mentional sounds". J.Acoust. Soc. Amer, 40,
447- 455, Cited by Meena Devi, 1977.

Cullen, J.K Jr. and Others (1975), "Speech information flow
A nodel proceedings of a symposiumon Central Audi-
tory processing disorders,” 108-127, Cted by
Meena Devi, 1977.

Curry, F.K and Gegory, H "The performance of stutters on dichotic
listening tasks thought to reflect cerebral dom -
nance" Journal of Speech and Hearing Research, 12,
73-82, 1969.

Danper, R |."Lateralization of Binaural |mages in a Conputer
Control |l ed experinent”, MJ.A 10, 21-30, 1976.

Daniels, EM "an analysis of the relation between handedness
and stuttering with special reference to the Oton-
Travis theory of cerebral dom nance" J. Speech di s-
orders, 5, 309-326, 1940.

Di anond, |.T, and others (1967), J.Neurophysiol, 30, 341-359,
Cted by Meena Devi, 1977.



Dirks, D "Perception of dichotic and nonaural verbal materi al
and cerebral dom nance for speech” Acta O o-Lar.
58: 73-80, 1964.

Dorman, M F. and Porter, R S. "Hem spheric lateralization for
speech perceptions in stutterers" Cortex, 11, 181-
185, 1975.

Elfner, L.F. and DelL' Aune, WR. "Effect of frequency and Aural
Acuity on lateralization", JAR, 17, 1-4, 1977.

Elfner, L.H and De L'Aune, WR "A signal detection approach
to binaural auditory lateralization " Progr. Southern
Psycho. Assoc. New Orl eans, February, 1969.

El fner, L.F. and Tonsic, R T "A nmethodol ogi cal study of auditory
| ateralization" Behav.Res. Methods and Instrum 1,
7-10, 1968.

Fel dman, H "Unt er suchungen Zur Diskrimnation differenter
Schal I'i bi I der bei sinmultaner, nonaurater und binaurater
Dar bi et ung” Arch. Chrenheil k 1795: 600- 605, 1960.

Goodgl ass, H and Peek, E. A "Dichotic ear order effects in
Kor sakof f and Normal subjects,” Neurospychol ogi a,
10, 211-217, 1972.

Gruber, L, Powell, R L "Responses of stuttering and nonstuttering
children to a dichotic listening task"” Perceptual and
Motor Skills, 38, 263-264, 1974.

Hal I, J.Wand Jerger, J "Central Auditory Functions in stuttering"
JSHR/ 21, 324-327, 1978.

Hel tman, HJ "Contradictory evidence in handedness and stuttering"
J. Speech Di sorders, 5, 327-331, 1940.

Hines, D "Bilateral tachistoscopic recognition of verbal and non-
verbal stinmuli" Cortex, 7, 313-322, 1972.

Howard, |.P and Tenpl eton, W B. "Human Spatial Orientation”,
Wl ey and Sons, New York, 1966.

Inglis, J "Dichotic listening and cerebral dom nance" Acta oto-I|ang.
60: 230-238 (1965).

Jeffress, L.A and Taylor, R W "Lateralization Vs.Localization"
J. Acoust . Soc. Aner, 33, 482-483, 1961.



Jerger, J "Qoservations on Auditory behaviour in |esions of
the Central Auditory Pathways" Arch. Ool aryng.
71, 797-806, 1960.

Jerger et al "Bilateral |esions of the tenporal |obe: A case
study" Acta Qtol aryngol ogi ca, Suppl. 258, 28-38,
1969.

Jones, R K (1966) "Observations on stammering after |ocalized
cerebral injury",J.of Neurol ogy, Neurosurgery and
Psychiatry, 192-195, Cted by*Van R per (1971).

Karnon, A, Lavy, S, Gordon, H and Portnoy,Z "Hem spheric diffe-
rences in CBF during verbal and nonverbal tasks",
Brain Wirk, Al fred Benzon Synposium |V, Mnksgaard,
1975.

Kinmura, D "Sone aspects of tenporal |obe danage on auditory
perception" Can.J.Psychol . 15: 156-165 (1961).

Kinmura, D "Cerebral dom nance and the perception of verba

stimuli" Canadi an Journal of Psychol ogy, 3, 166-171,
1961.

Kimura, D : "A Note on cerebral dom nance in |earning" Acta
Oto. Lar.56: 617 (1963).

Kinmura, D "Speech Lateralization in young children as determ ned
by an auditory test" Cortex, 56: 899-902 (1963).

Kinmura, D "Left Right differences in the perception of nel odies"”
Quarterly journal of Experinental Psychol ogy, 16,
355- 358, 1964.

Kimura, D "Functional asymmetry of the brain in the dichotic
listening" Cortex, 1967.

Knox, C and Kinura, D (1970) "Cerebral Processing of nonverba
sounds in boys and girls", Neuropsychol ogia, 8,
227-237, G ted by Miore and Haynes.

Li ebetrau, RM Daly, D A "Auditory Processing and perceptua
abilities of organic and functional stutterers”
Journal of Fluency Di sorders, 6, 233-246, 1981.

Li ebman, J "Lateralization of BC sound as studied with EEA
technique; Prelimnary note", JAR, 12, 121-123, 1972.



Luchsinger, R Arnold, G E. "Cerebral dom nance and Preferred
| aterality, Voice-speech-Languaqge Cinical Conmu-
ni col oqy. Its Physiol ogy and Pat hol ogy”, Wadsworth
Publ i shi ng Conpany, Inc, Belnont, California,
386-403, 1965.

Lussenhop, A J., Boggs,J.S., La Borwit, L.J, and Walle, E. L.
"Cerebral dom nance in stutterers determ ned by
Wada testing" Neurology, 23, 1190-1192, 1973.

M Adam D.W and Wi taker, H A, (1971) "Language Producti on:
El ectroencephal ographic |ocalization in the nornal
human brain" Scientific American, 222, 66-78 Cted
by Mbore and Haynes (1980).

M Keever, WF. and Huling, M D (1971) "Lateral dom nance in
techi stoscopic word recognition performance obtained
wi th simultaneous bilateral input,” Neusopsychol ogi a,
9, 15-20, Gted by More and Haynes (1980).

Mc Keever, Suberi and Van De Venter"Fixation Control in Tachisto-
scopic studies of laterality effects" Conment and
data rel evant to Hi nes experinent, Cortex, 8,
473-479, 1972.

Meena Devi, A "A study on ear to ear lateralization of auditory
i mage" Dissertation, Submtted to University of Msore,
1977.

Mlisen, R and Johnson, W"A conparative study of stutterers,
former stutterers and normal speakers whose handedness
has been changed" Arch. Speech, 1, 61-86, 1936.

M lison, R "The incidence of speech disorders”, In Travis (Ed.),
Handbook of Speech Pat hol ogy, Appleton - Century
Crofts Inc, New York, 246-266, 1957.

MIlls, AW "Lateralization of high frequency tones". J.Acoust.
Soc. Am, 32, 132-134, 1960.

Mlner, B "Laterality effects in audition. In V.B. Munteastle
(ed.), interhem spheric relations and cerebral dom -
nance" Beltinore: Johns Hopkins Press, Cited by
Berlin, C. I, and Lowe, 5, 1972.

Moore, WH. "Bilateral tachistoscopic word perception of stutt-
erers and normal s subjects”, Brain and Language 3,
434- 442, 1976.



Vi

Moore, WH and Haynes, WO "A pha Hem spheric asymetry and stu-
ttering: Sonme support for a segnentation dysfunction
Hypot hesi s", JSHR, 23, 229-247, 1980.

Moore, WH and Weidner, WE "Dichotic word perception of aphasic
and normal subjects" Perceptual and Motor Skills, 38,
1003- 1011, 1974.

Manmdur, S U "A test of ear preference for nusic,"A dissertation

submtted in part fulfilment for the degree of Master
of Science (Speech and Hearing) Univ.of Mysore, 1976.

Neil son, P.D, Quinn, P.T and Neilson, M D. "Auditory Tracking
Measures of Hem spheric Asynmetry in normals and
stutterers”, Australian Journal of Communication Dis-
orders, 121-126, 1976.

Oton, S.T. "A physiological theory of reading disability and

stuttering in Children" New England Journal of Medicine,
199, 1046-1052, 1928.

Orton, 1937, "Reading, Witing and Speech Problens in Children".
New Yor k, Norton.

Overstake, C. P. "Stuttering: A new |look at an ol d probl em based
on neur ophysi ol ogi cal Aspects”, US. A, Charles C
Thomas Publ i sher, Bannerstone House, 301-327, East
Law ence Avenue, Springfield, Illionois, 1979.

Pinheiro, L. Marilyn and Tobin, H "Interaural intensity differences
for intracranial |ateralization" J.of Acoust. Soc.
Amer. 46, No.6, 1482-1487, 1969.

Plenge, G "On the differences b/w |localization and | ateralization"
JASA, 56, 944-951, 1974.

Quinn (1972), "Stuttering, Cerebral dom nance and the dichotic

word test" Medical J.of Australia, 2, 639-643, Gted
by Rosenfield, 1980.

Rhei nberger, M N, Karlin, I.W and Berman, A.B. "El ectroenceph-
al ographic and laterality studies of stuttering and
nonstuttering children" The Nervous Child, 2, 217-133

Ri sberg, J and Ingvar, DH"Patterns of activation in the grey
matter of the dom nant hem sphere during nenorizing
and reasoni ng" Brain, 96, 737-756, 1973.



Vi

Rosenbek, T.C., Messert, B., Collins, Mand Wertz, R "Stutter-
ing follow ng brain damage", Brain and Language,
6, 82-96, 1978.

Rosenfield, D.B. "Cerebral Dom nance and Stuttering”. Journal
of Fluency Disorders, 5, 171-185, 1980.

Rosenfield, D.B. and Goodglass, H "D chotic testing of cerebra
dom nance in stutterers" Brain and Language, 1980
( in press ).

Satz, P, Ascnenbach, K, Pattishall, E and Rennell, E "Oder of
Report, ear assymmetry and handedness in dichotic
listening” Cortex, 1, 377-396, 1965.

Schoeny, Z G (1968) "Conparison of Msking |level differences
for normal hearing subjects and subjects with uni-
| ateral Meiner's disease", Unpub:Ph.D. Diss.,
Nort hwestern University, Cited by Meena Devi (1977).

Sullivan, F "Auditory l|localization: Principles and applications
to audi onetry" Maico Aud. Lib. Ser, 3, 34-38, 1967.

Sussman, H M and Mac Neil age, P.F. "Hem spheric speecalization
for speech production and perception in stutters”.
Neur opsychol ogi a, 13, 19-27, 1975

Tobey, E, Cullen,J, Gallagher, A and Ranpp, D "Performance of
children with auditory processing disorders on a
di chotic stop vowel identification task”". Am Speech
Hear. Associ ati on, Houston 1976.

Tonning, F.M"Auditory Localization and its Cinical Applications”
Audi ol ogy, 14, 368-380.

Toscher, MM and Rupp, RR "A study of the Central Auditory
Processes in stutterers using the synthetic sen-
tence identification (SSI) test Battery," JSHR
21, 779-792, 1978.

Travis, L.E. Knott, J.R "Bilaterally recorded brain potentials
from normal speakers and stutterers" Journal of
Speech Di sorders, 2, 239-241, 1937.

Travis, L.E. "Speech Pathol ogy" New York, Appleton-Century Crofts,
1931.

Van Dusen, C "A laterality study of nonstutterers and stutterers",
J. Speech Di sorders, 4, 261-265, 1939.

Van Riper, C, "The Nature of Stuttering", Englewood Ciffs, N J:
Prentice-Hall, 1971.




Viii

Vargo, S.W and Carhart, R "Interaural intensity relations for
medi an pl ane | ocalization", JAR, 12, 276-278, 1972.

Von Bekesy "Zur theorie des Horens", Phys Z-31, 824-835, 857-868,
cited by Tonning, F.M 1975.

Von Bergeijk, WA (1962), "Variation on a theme of Bekesy: A
nmnodel of binaural interaction". J.Acoust. Soc. Arer.
34, 1431-1437, Cted by Meena Devi, 1977.

Wada, J, "A new nethod for determ nation of the side of cerebra
speech dom nance". Medical Biology, 14, 221-222,
1949.

Wada, J and Rasnussen, T "Intercarotid injection of sodium anyta
for the lateralization of cerebral speech dom nance:
Experinental and Cinical Observation", Journal of
Neur osurgery, 1960, 17, 266-282.

Wer ni cke, C (1874) "Aphasische Synptonen Conpl ex". Breslau: Mx
Cohn and Wigert Cted by Mbore and Haynes (1980).

West "An Historical Review of the American Literature in Speech
Pat hol ogy", In Ri eber and Brubaker (ed), Speech

Pat hol ogy, North Hol | and Publ i shi ng Conpany, Netherl ands,
24-41, 1966.

Zurif, E.B. and Carson, G "Dyslexia in relation to cerebra
dom nance and tenporal analysis" Neuropsychol ogi a,
8: 351-360 (1970)



APPENDI CES



APPEND| X-"' A

NO SE LEVELS I N AUDI OVETRIC ROOM DB ref. 0002 dynes/cn®.

A Net work - 23 dB
B Net work - 28 dB
C Net work - 36 dB

OCTAVE BAND ANALYSI S

CENTRE FREQUENCY LEVEL
125 Hz 25 dB
250 Hz 20 dB
500 Hz 19 dB
1000 Hz 19 dB
2000 Hz 10 dB

4000 Hz 12 dB




APPENDI X - 'B

TDH 49 Earphone (wth MX 41/ AR Qushion) output of Channel 1
and channel 2 of the Audi onmeter Beltone 200-C at different

f requenci es.

Fr equency ANSI - 1969 reference Channel 1 Channel 2
in Hz equi val ent thresh- out put in output in
ol d sound pressure dB SPL dB SPL

|l evel s at 80 dB HL

250 106.0 112 113
500 91.0 99 100
1000 87.0 96 95
2000 89.0 98 99
4000 93.5 99 100
6000 88.5 103 102

8000 91.0 97 96
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APPENDI X- D

Test - Retest and average values for Ig _ and I, _ g for CV syllables and nusic
for each subject of Goup B

1 -l : v
1 10 10 10 7 10 8.5 7 8 7.5 10 10 10.5
2 8 8 8 5 6 5.5 6 10 8.0 5 6 5.5
3 15 14 14. 5 4 5 4.5 9 9 9.0 10 12 11.0
4 24 27 25.5 20 24 22.0 19 15 17.0 17 18 17.5
5 15 18 16.5 22 22 22.0 17 17 17.0 20 18 19.0
6 15 13 14.0 6 8 7.0 10 10 10.0 9.0 7.0 8.0
7 8 10 9.0 17 13 15.0 18 18 18.0 20 19 19.5
8 7 8 7.5 6 5 5.5 14 14 14.0 4 4 4.0
9 25 25 25.0 34 35 34.5 45 43.0 44.0 42 43 42. 5
10 16 16 16.0 15 19 17.0 16 14 15.0 10 11 10.5




