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Chapter 1

| NTRCDUCTI ON
Thomas Barr in 1846, was anong the first to attenpt
an objective and systenatic approach to the probl em of
assessing hearing loss and site of lesion testing. S nce
his days there has been a rapid increase in technol ogi cal
procedures which has served to inprove the status of audio-

| ogy and hearing | oss testing.

In the early part of the century tuning forks were the
only neans of testing hearing | oss. Wth the devel opnent
and commercial production of audioneters hearing assess-

ment has inproved in finesse and sophistication.

Pure tones were considered as the ideal stimulus for
quite sorme tine, as they are standards easily quantifiable.
However, when used in testing children and ot her naive
| i steners pure tones are not the best of stimuli. Speech
audionetry is easier and |ess abstract than pure tones.

Oten it is the only neans of testing difficult to test
children (Martin, 1978). Speech audionetry not only hel ps
determne type of hearing loss and the general site of patho-
| ogy but also the type of rehabilitative neasure to be

adopted and its prognosis.

Pure tones, though a valuable stinmulus item has not
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found nmuch validity in the testing of central auditory
di sorders. Hodgson (1967) reported on a patient with a
conpl ete cerebral hem spherectony who showed nornal heap-
ing on pure tone tests. It has been found necessary to
devel op new and refined speech tests to evaluate the central

audi tory pat hways.

The eval uation of central auditory skills has becore
a subject of wdening interest. It is now well established
that a series of unique physiological events occur in the
CANS (central and nervous systen) which reshape or nodify
auditory signals between their initiating and cul mnating

activities.

Behavi our seen in children with central auditory disorder-

Childrenwith central auditory problens are found to
exhi bit unusual auditory behaviour such as -

1. poorly executed direction taking

2. defective vocal nonitoring, especially excessive

| oudness

3. dislike of loud sound stimuli simlar to recruiting
ears
defective serialization of phonenes and syl | abl es
relating of events in a non-sequential nmanner

word finding problens

N o o A

difficulty functioning in noise or other distracting
background conditions

8. del ayed devel opnent of |anguage (WIleford, 1977).
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Hodgson (1967) says the following 5 effects nay be
observed in the presence of a central auditory system

pat hol ogy.

1. pure tone thresholds are essentially nornal in both
ears.

2. supra threshold pure tone tests are essentially nor-
mal in both ears.

3. speech di scrimnation scores may be reduced in the
ear contralateral to the danaged portion of the brain.
This becones nore evident if the speech is distorted.

4. D chotic listening tasks are nore difficult than
for person with intact CANS (central auditory nervous
systen).

5. when speech is presented to one ear and a conpeting
signal to the other ear, poorer discrimnation may be

evident in the ear contralateral to the | esion.

Mencher and Stick (1974) noted that there were sone
neonates in the high risk regi ster who showed peculi ar
behavi our on sound stinulation, viz.,

1. Chi | dren who gave no response when they had nor nal

heari ng.

2. Chi I dren who gave response to broad-band noi se

3. Chi l dren who gave a gross response or a noro reflex and
4. Children, no matter how often stinulated failed to

adapt and continued to respond.

He suspected that such neonates nmay have auditory
.4
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probl ens, other than peripheral hearing | oss. Based on
this prem se he devel oped a procedure called MAST(Mencher
and Stick Auditory screening test). It is not actually a
formal test but a list of items which are admnistered in
any room It is designed to screen for auditory discrim-
nation, auditory association, auditory closure, auditory
menory, auditory localization and auditory figure-ground
perception. It is applicable with children 3-4 years of
age. This sinple test can be admnistered routinely by a

pediatrician, public health nurse, or audiol ogist.

Fi ndings of CAD tests:

The auditory systemcontinually refines auditory infor-
mation fromthe tine a signal enters the ear canal till
it is processed in the brain. Hence a clear cut demarkation
of central and peripheral parts of the system is diffi-
cult to make with precision. However, the systemupto and
including the eighth nerve is called peripheral and the

brain stemand brain are called central (Katz, 1978).

As the site of |esion, ascends the auditory system
its manifestation becones nore subtle(Jerger, 1965). The
detection of these lesions involves the use of sensitized
speech tests or degraded speech tasks, since the conventiona

test battery does not reveal the deficit(Katz, 1978).

It is generally seen that on a central auditory test
battery, that brain stemand retrocochlear |esions show

.5
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poor perfornmance on the ipsilateral ear, while cortical
| esions show contra |ateral ear deficit. However, the centra
auditory tests by virtue of their design tap different aspects
hearing. Hence no one test can he used to test the entire

auditory system

Lynn and A lroy (1977) have been particul arly successful
in denonstrating the clinical value of central auditory system
tests. They used |low pass filtering, staggered spondi ac
word test, WIlleford s conpeting sentence test and rapidly
alternating speech discrimnation test. The first three
are useful in identifying superficial and deep lesions in the
cerebrumand the last in identifying lesions |ower brain
stemlesions. Jerger and Jerger (1975) investigated the vali -
dity of central auditory tests and found that SSWstaggered
spondi ac word) is useful for cerebral lesions and SS|-ICM
(synpathetic sentence tests in the ipsilateral conpeting

node) for brain steml esions.

Smth and Resnick (1972) found that dichotic tests
were useful in identifying brain steml esions.

Lynn and Glroy (1977) found that in corpus call osum
section (anterior conmsure) the non-dom nant ear shows

decreased functi oning.

Wlleford and Bilger (1978) found that children with
| earning disabilities show poor perfornance on central

auditory tests.



Findings in children with learning disability:

Benton (cited by Pinhero, 1977) describes |earning
disabilities "as an inexplicable failure to learn to read
inchildren", inspite of nornal intelligence; nornmal sensory ,

capabilities and normal notivation to learn in the begi nni ng.

Several investigators have shown that children with
| earning disabilities show auditory perceptual disorders
(Pinhero, 1977; WIlleford, 1978; Beasley, et al. 1972;
Wl leford and Bil ger, 1978; and Beasl ey and Freeman, 1977).

e of the nost widely used tests, for allegedly
evaluating auditory perception is ITPA (Illinois test
for psycholinguistic ability). The battery has 5 subtests
whi ch measure reception, association, nenory, closure
and sound bl ending. However, it has the limtation of being
unstandardi zed, i.e., admnistered by |ive voice and by

different examners in uncontrolled environnent.

Wlleford and Bilger (1978) admnistered the follow ng
battery to children suspected of central auditory probl ens
and found that the children failed on at |east one sub test.

1. Dichotic conpeting sentences.

2. Fltered ONO(consonant nucl eus consonant) words.

3. A binaural fusion task.
4

An alternating speech task.

They found that on the dichotic conpeting task, the
right ear was dom nant nost often though the left also was

T
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also domnant at tinmes. Wth increasing age the perfornance
in the weak ear inproved. Cenerally 5 and 6 year ol ds

scored 100%in their strong ear and poorly in the weak ear.
At 9 years the 2 ears were found to show equal skill and

at this age the MCR (nessage conpeting ratio) could be expan-
ded without further deterioration in performance. This is

believed to be due to the maturity of the auditory processes.

The filtered or frequency distorted speech was prepared
by renoving nuch of the high frequency energy by electronic
filtering procedure. The frequencies above 500 Hz. were

selectively attenuated at the rate of 18 dB per octave.

The binaueral fusion task utilizes the principle of
presenting low frequency information froma stinmulus word
to one ear, while the other ear receives high frequency in-
formation fromthat sane word. Because both portions of the
word have sharply restricted information and/ or energy con-
tent each is difficult for normal |isteners to perceive when
presented separately. However, when both segnents are
pl ayed sinmultaneously the intact central auditory systemis
capabl e of reconbi ning these conplenmentary stimuli into a
fairly intelligible nessage. The test is presented at
30 dB above 500 Hz. threshold for the |ow frequency conponent
and 30 dB above 2000 Hz. for the high frequency conponent.

Maturation pattern can be observed on this test too.

The last test, i.e., alternating speech was perforned
w th conparative ease by 5 year old children. This test was
found to be of the |east diagnostic significance.
..8



Wlleford (1977) found that the dichotic |istening task
was the nost useful in the diagnosis of |earning disabled
children. (e subject studied showed no domnance at all,
I.e., 0%in both ears. He cites several case studies in

which this batter has been found useful in diagnosis.

Speech in noise tests have al so been widely used in
t he di agnosis of auditory perceptual disorders (Katz, 1978).
Wl leford (1978) has criticized the use of several nea-
sures of "auditory processing functions" on the basis of
| ack of normative data and poor descriptions of test pro-
tocol. He states that "ignoring or over-sinplifying the
many conplexities of the process that can or may occur
when presuming to assess auditory functions with a sinple
test in aclass room wthout exercising proper control of
the stimulus or the environment can lead to erroneous
conclusions." WIlleford (1977), Beasley and Freenman(1977)
state that control is even nore inportant when testing

children, as variability is greater with children than adults,

They attenpted to overcone these limtations by using
tine conpressed speech test. They admnistered the tinme
conpressed version of the WPI (word identification by
picture index) in a closed response task and PB-1C 50 in
open response task, to 60 children from4 to 8 years of age.
The results showed that WPI, a visual painting task was

easier than PB-IC 50. Intelligibility decreased as a
.9
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function of increasing tinme conpression, decreasing age
and sensation |level. They conclude that PBK-50 could be

used with older children and WPI w th younger children.

Freeman and Beasley (1976) presented the tine com
pressed version of WPI to 2 groups of children; norna
readers and reading inpaired, in an open and closed set
format. At 0%tine conpression the results for the 2
groups were simlar. At 60%tine conpression the open set
yi el ded poorer discrimnation scores especially for reading

i npai red chil dren.

When nonosyl | abl es are used as stinulus material,
factors of vocabulary, word famliarity, word |length play
amjor role indiscrimnation. Mreover it is not suffi-
ciently challenging to test higher auditory centers. Hence
sentences have been found to be nore appropriate stinulus

(Keith, 1977).

Hence, Freeman and Church (1977) developed s tine com
pressed version of sentential approxinmations. A 40%tine
conpression, it was found to differenti ate between norna
reading children fromreading inpaired children. Cel sch-
| aeger and QO chik (1977) also found tine conpressed speech
discrimnation task, useful in the differential diagnosis

of children with central auditory dysfunction.

Jerger, et al. (1968) gave the synthetic speech identi-
fication test. This test in the ipsilateral conpeting node,

.10
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Is a useful test for site of lesion testing of brain stem
pat hol ogy. However, no data on |earning disabled children
has been provided. Moreover the test necessitates a know
| edge of reading and hence is not suitable for use with

reading inpaired children.

Costello (1977) found that the Fl owers Costell o test
of central auditory abilities (CAA) was also useful in differ-
entiating learning disabled children fromnormals. In this
test, to there are atotal of 48 itens. 24 are |ow pass
filtered sentences and 24 are sentences with a running dis-
course as conpeting nmessage. The child is required to com
plete the test sentence by pointing to an appropriate pic-

ture froman array.

Though the authors report that the Flowers Costello
test of central auditory abilities (CAA) was useful in
differentiating learning disabled children from other
probl ens. However Hodgson (1966) found that tests using
speech passed through a single low pass filter did not
separate normal children fromthose with |earning disabi -
lities. Mreover Treisman (1964) notes that conpeting sig-
nals that are irrel evant eg. runni ng di scourse are di scarded
during their identification. Conpeting nmessage delivered by
the sanme speaker and involving then a simlar content nma-
terial provide anore difficult task. S nhadri (1977) also
found that when the conpeting nessage is of a different

| anguage fromthe primary sentences, they are |less effective

11
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as conpetition. Hence it is possible that the CAAis not as

useful as the authors claim

Fi ndi ngs with conpeting sentence test (CST):

Keeping this in mnd WIlleford (1978) devel oped the
conpeting sentence test in 1968. The test involves a dichotic
listening task. The target sentence and conpeting sentence
are of simlar length and have a common thene. According to
Wlleford (1978) "The CST would seemto challenge a subject's
skill for a task that occurs continuously in everyday |iving."

The test is admnistered at a- 15 dB signal to a
conpetition ratio, viz. the prinmary nessage is given at
35 dBSL (re:pure tone average) and conpetition at 50 dBSL
re:pure tone average. The puretone average was chosen as
reference as in individuals, with hearing sensitivity within
20 dBHL the pure tone average is nearly the same as speech
reception threshold. Hence either of the two may be taken as

r ef er ence.

Since 1968, the CST has been w dely used. Lynn and
Alroy (1977) found it useful in detecting lesions in the
brain, in addition to nonitoring changes in a patients neuro-
l ogic status with respect to tine or as the result of treat-
ment or surgery.

Pinherio (1977) admnistered the follow ng battery of
tests to learning disabled children.

1. Aternating speech perception test

2. Binaural fusion tests

3. Low pass filtered words

.12
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Conpeti ng sent ences
S mul t aneous sent ences

The staggered spondiac word test and

N g &

Pitch patterns.
She found the conpeting sentence test a useful neasure

in the diagnosis of reading inpaired children.

Lynn and Glroy (1977) note that the conpeting sentence
test is highly sensitive to lesions in the posterior region
of the tenporal | obe.

Wl leford (1978) states that the conpeting sentence
test can be used to follow changes in performance wth
mat uration, training, counselling and environnmental control.
This neans that the conpeting sentence test is a very useful
tool in the effective identification and rehabilitation of
| earning disabled children. It provides cues as to the

appropriate theraputic channels to be tapped.

Wiy assess central auditory disorder in Children.

Central auditory testing is done nmainly for 2 reasons.
1. For site of lesion testing.
2. For the diagnosis, evaluation and rehabilitation of

children with auditory perceptual disorders.

Central auditory dysfunction in children is not a nyth.
It occurs and is associated with |anguage and/or | earning
problens. It nmay lead to behaviorial disorders at hone or
school. Early intervention is required to prevent or at

| east aneliorate the resultant difficulties in |anguage
.13
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reading and behaviour. This requires reliable and valid

use with very young children to
techniques to/identify and assess auditory ability.

Young a nd Pratti (1981) have recently found that when
peri pheral hearing loss is conbined with central auditory
probl ens, hearing aids should be prescribed. However, if
the prescription is done simlar to the manner in which it
is done for the hard of hearing child, the ad will be of
no use and may even lead to further problens. They suggest
that when a nonoaural aid is prescribed, it should be done
to the ear contralateral to the dom nant hem sphere. Wen
bi naural aids are prescribed, they suggest that the 2 aids
have different frequency ranges. The aid with high fre-
guency boosting is prescribed to the domnant ear and that
with | ow frequency boosting be prescribed to the non-dom -
nant ear. This entails a testing of dom nance before pre-

scription of aid. Each test devel oped for testing central

auditory dysfunction taps a different aspect of hearing, i.e.

auditory function. Hence no single test is adequate to
evaluate the entire auditory system Hence WIlleford (1977)
recommends the use of a test battery approach in the di agno-

sis and eval uati on of children.

Need for the study:

So far, inlIndia, no test for the identification of
| ear ni ng di sabl ed has been devel oped. Two tests for central
audi tory probl ens have been developed in India, i.e., the
SSWtest in Indian English (Chandrashekar, 1977) and the
14
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SSI test in Kannada | anguage (Nagaraja, 1977).
Central auditory disorders testing is still inits in-
fancy in India. However, one cannot ignore the presence
of such an entity. To detect the patients of central audi-
tory disorder it is essential to have standardi zed tests
of central auditory disorder. Hence an attenpt has been
nmade to devel op and standardi ze conpeting sentence test in

Kannada | anguage.

It is hoped that the test would be useful in detecting
the children with auditory processing problens and al so that

the test would be useful to detect central auditory disorder

cases.

Statenent of the probl em

In addition to providing the normative data for
CST (conpeting sentence test) in Kannada the follow ng nul
hypot hesi s are nade.
1. There is no significant difference between right ear
scores and |eft ear scores obtained on CST.
2. There is no significant difference between the scores

obtained for test A and test B

In addition to verifying the above null hypothesis, the
present study was designed to find answers to the foll ow ng

guesti ons:

1. Can the test be used for finding ear dom nance in nornal
hearing subj ects?

2. Can the test identify the children with auditory process-
i ng probl ens? .. 15
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Brief plan of Study:

The study was conducted in tw stages. The first stage

i nvol ved the devel opnent of the conpeting sentence test. In
the second stage three experinents, viz., |, I, Ill were
carried out.

Devel opnent of the Test:

25 pairs of Kannada sentences were devel oped such that,
the sentences were of approximately equal length and had the
same theme. Care was taken to ensure that the |anguage |evel
of the test does not penalize children and individuals wth

low intelligence |evel.

-

o ) ) , .
o) N LD 1A 30 ~

" - (o] .
2L - £ ¥ rTar

- g, '!I 4 . LA VA o
(o) I < anf LWL RAUL

a) Ranu wi || cone for breakfast now
b) Raju will go honme for |unch.

The two pairs were recorded on two tracks of a speed tape
recorder ( Uher SG631 logic) and later the recorded sen-
tences were transfered to a cassette. The recording was such
that the sentences began and ended at the same tine.

Adm nistration of the test:

Instructions for experinments | (a &b) and Il (a &Db)

"First you w || hear pure tones, when you hear the sound
raise your finger, when the sound stops drop your finger.
You shoul d raise your finger even if the sound is very soft."”

"Next you will hear two sentences in your ears sinul-
taneously. Your job is to ignore the sentences in your
right/left ear and to identify those in the left/right ear
by repeating. Have you understood?"

16
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In Experinent la and 1b ear effect was tested. The

experinmental let up was as shown in Fig. 1 and 2.

Fig, 1
(test ear) Rt. Lt. ( non test ear)
— { h
'q ,'"-d ﬁ:’ L e e g 'L\ -[I / A — ;'-:]Ofi_ Q:; IJ
\._ .-/).’
Be 2
Rt. \ Lt. (test ear)
(non test ear)
A .
50 apst —>( P& 35 dBSL

The test was admnistered to 15 native adult Kannada
speakers (4 nales and 11 fenal es). They first received
the test sentences in the right ear and conpeting sentences
inthe left ear. After an internal of one nonth ( to over-
cone any effect of nmenory) the test was admnistered to

the same subjects in the reverse order.

In Experiment Ila and Ilb list effect was studied.
15 native adult Kannada speakers (4 nales and 11 fenal es)
who were different fromthe subjects used in the above study

were tested
The experinental set up was as shown in Fig. 3 and 4.

.17
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:‘?’.rt. [Tq (Fig,.3)
(test ear) Rt _ — Lt (non test)
, S .
35 dBSL [ \ 50 dBSL
»( Il. .’ ) é—
List A N 4 List B
Expt. I (Fig.4)
(test ear) Rt Lt (Non test ear)
35 dBSL 50 dBSL
> I". J\'l I:|‘\ x
I.ist \\._. // Tiat A
Inlla, list A served aa the target sentences while |ist
B was the conpeting nessage. In Ilb sentences of list B were

used as the target sentences and the sentences of list Awere
used as conpeting sentences. The target sentences were given
at 35 dBSL and conpeting sentences were presented at 50 dBSL

(relative to pure tone average)

Experinment Il was simlar to Experinments Ila and I1b.
Here the subjects had to repeat both the sentences (target
and conpeting). The sentences were admnistered at 35 dBSL.

This was done to determne dom nance.

I nstruction for Experinent |11:

"You will hear the sentences presented sinultaneously
to the two ears. Your job is O to repeat both the sentences.
Do not try to concentrate on any one ear while ignoring the
other. The task is a bit tough; hence you should concentrate

on the task". ...1S
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Definitions of terns used:

1. Dchotic stimulation: S multaneous presentati on of two

different sentences to the two ears.

2. Target and conpeting sentences:. |n the conpeting sentence

test two sentences are presented to the two ears. The sen-
tences presented to one ear are at 35 dBSL (re pure tone

average). These are referred to as target sentences. The

sentences presented to the other ear are at 50 dBSL (re pure

tone average). These are referred to as conpeting sentence.

3. Learning Disability; This refers to the inexplicable

failure to learn to read by a child whose intelligence |evel,
oral |anguage devel opment and sensory capacities appear to
be fully adequate to permt the devel opnent of reading
skills (Pinheiro, 1977).

4. Central Auditory Disorder: Auditory disorders resulting

froma | esion to the auditory pathway beyond the |evel of
the cochlea nuclei upto the auditory cortices (WIIeford,
1977) .



Chapt er 2

REVI EW CF LI TERATURE

Structure of the auditory system

The auditory systemin man is conplex consisting of:
a sound conducting apparatus (the outer and mddle ear),
the organ of corti with its hair cells i%?%ochlear cana
of the inner ear, and a nunber of inter-connected nuclei -
the spiral ganglion, the cochlear nuclei, the superior
olivary nucleus and the trapezoid body, the inferior
colliculi, the medial geniculate body and the auditory

cortex.

There are several levels of relays and conussures
whi ch nmake for a wide representation of infornmation in al
auditory nuclei, fromthe right and left cochlea. A uni-
| ateral lesion of all structures |ocated higher than the
cochlear nuclei can give rise only to partial dimnution
of hearing due to the presence of these crossed and un-

crossed fi bers.

The Rationale and principle of CAD testing:

D sturbances of hearing discovered with the aid of
"classical" nethods of investigation, viz. pure tone audio-
netry, speech reception threshold, speech discrimnation
score and inpedance audionetry, frequently yield identical
results regardl ess of whether the pathol ogi cal systemis in

the brain stemor cerebral cortex.

.20
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Jerger (1975) gave the subtlety principle which is
as follows: " The nore centrally the lesion is |ocated,
the nore subtle is its manifestation". In other words
central auditory lesions are nore elusive to di gnose.
Such cases may pass of a normal in a conventional audio-

netric battery.

Barn and Karaseva (1972), state that "lesions of all
central parts of the auditory systemare characterized by
absence of sound lateralization in Wber's test despite
asymmetry of the threshold of audibility, shortening of bone
conduction and absence of the rapid increase in |oudness

phenonena” .

They also report that the entire tenporal |obe can be
removed w t hout causing a decrease in hearing of pure tones.
However, they report a few cases with bilateral tenporal
| obect ony i n whom conpl ete deaf ness resulted. However, such

reports are rare.

This only goes to show the conplexity of the hearing
mechani sm and the sophistication required by any test to
identify site of lesion in the higher centers. It also goes
to show the inadequacy of the classical test battery in the

identification of such | esions.

The validity of a test procedure for the eval uati on of
auditory disorders rests in that the test yields expected
results in patients with auditory disorders and that false

21
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positive results usually do not appear in patients

w thout auditory di sorders.

Jerger and Jerger (1975) in investigating the poten-
tial sources of errors in central auditory testing found
t hat
1. The physical disconfort characterizing central nervous
syst em pat hol ogy does not produce abnormal test results in
a central auditory disorder test battery.
2. If the direct involvenent of auditory pathway is not
present then abnornal test results on any test is not
pr obabl e.
3. The presence of aphasia reduces the val ue of degraded
speech audionetry but this deficit is seen both contra-
|aterally and ipsilaterally on nonotic presentation.
4. Auditory tests do not differentiate between brain

stem and 8th nerve | esions.

Wlleford (1977) and Katz (1968) have stated that con-
ventional auditory tests lack the structure and sensitivity
for the identification of lesions in the auditory cortex.
Hence they have attenpted to design special auditory test
measures which require the cortical integration of conplex
signals, in order to assess the function of higher auditory

centers.

Central auditory tests have used both pure tones and
speech stimuli. Speech happens to be the nost conpl ex and
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sophisticated stimuli which is,also, highly redundant as
occurring in natural situations. This extrinsic redundancy
of speech should be mnimzed sufficiently to challenge

the integrity of higher auditory centers (WIlleford and
Bilger, 1978).

According to Berlin and Lowe (1972) this is one of
the cardinal principle of central auditory disorder eval ua-

tion.

Speech signals lend thensel ves to nore conplicated
mani pul ation in frequency, time and intensity domain than
do tones. Wrds and sentences can be filtered, split,
Interrupted, conpleted, accelerated, reversed and have
their redundancy reduced. Hence, speech has been used nost
extensively in central auditory testing. Booca and Cal ero
(1963), were the first to attenpt reduction of redundancy
by filtering speech.

Several authors have attenpted to develop tests for
central auditory problens (Katz, 1978; Jerger, Speaks and
Tranvel , 1968; Mencher and Stick, 1976; WIleford, 1978:
Beasl ey and Freeman, 1977; Matzker, 1959; Booca and Cal ero,
1963) .

Attenpts have been nade to use localization audionetry
in the detection of central problens. Rosenweigh (1951)

found that lateralization of sound is disturbed in patients
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with a unilateral |esion of the tenporo-parieto-occipital
and inferior parietal region of the brain. Sahchez-Longo
and Forster (1958), and Jerger (1963) found di sturbances
of localization of sound in patients with unilateral

| esions of the tenporal | obe.

Tests based. on use of nonosyllabic words as test sti-
mul i were proposed by Bocca, Calero and Cassinari (1954),
They found that |ow pass filtered speech tests using PB
wor ds vyi el ded poorer scores in cases with tenporal |obe
| esi ons. Hodgson (1967) confirmed the utility of |ow
pass filtered PB words as diagnostic and prognostic indi-
cators, in pre-and post operative hem spherectomes. Con-
ventional test battery showed no difference in results
Post operatively, however, |ow pass discrimnation scores

were drastically reduced in the ear contralateral to |esion

The Rush Huges/ W22 test was also found to be useful

in the diagnosis of tenporal |obe and subcortical | esions.

The test is performed by adm ni stering nonoaural word
discrimnation test using the recorded version of W22
tests at 40 dB above Speech Reception Threshold and the
Rush Huges Test at 50 dB above SRT or bel ow the uncom
fortabl e | oudness | evel, whichever is lower. The diffe-
rence scores of the 2 ears are determned by subtracting
the Rush Huges score fromthe W22 score. The diffference
score of 30%or greater in one ear i s suggestive of contra
| ateral tenporal |obe lesion (Martin, 1975).
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Jerger, Speaks and Trammel (1968) proposed a new test
for CAD. The test nakes use of synthetic syntences. In
ol der to overconme guessing by subjects. They are nade nore
difficult to identify by using conpeting nessage. The SSI -
ICMi.e., inthe ipsilateral conpeting node is nore
susceptible to brain stemlesions and SSI-CCMi.e. in the
contral ateral conpeting node is nore susceptible to tenpo-

ral | obe | esions.

Beasl ey and Freeman (1977) gave a tine altered speech
test called 'Tine Conpressed Speech Test'. They used as
el ectronechani cal tine conpressor/expander Jto conpress the
speech signal. The end product was sone specific percentage
shorter (conpressed)or |anger (expanded) than the origi nal
signal. This tine conpression of speech reduced the exter-
nal tenporal redundancy of be the normal speech signal,
thereby increasing the difficulty of the processing task by

the internally redundant central nervous system

As the percentage of conpression increased the scores
contralateral to the |esion decreased. The difference
scores between 0% and 60%tinme conpression was greater in
the/ggatralateral to the lesion as conpared to the

| psilateral ear.

Mat zker (1959) gave a test using binaural resynthe-
sis of 2 bands of filtered speech. He used a. list of
German PB words which were low pass filtered (500-800 Hz.)
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and fed toone ear and high pass filtered (1815-2500 Hz.)
and fed to the other ear. The test was given in both,
a dichotic and diotic nmode and the results of the 2 nodes
are conpared brain stem pathol ogy cases showed poorer
scores in the dichotic node than diotic node of presenta-

tion.

D chotic conpeting tests are a way of reducing redun-
dancy. Matzker (1959) gave one of the earliest dichotic
integration tests. Jerger (1964) devel oped the SWAM
(speech with alternate masking index) test which is a

dichotic integration test of brain stem

Katz (1978) devel oped the SSW (staggered spondi ac word)
test which is adichotic listening test using spondee
words at supra threshold levels. D fferent spondees are
presented to each ear, with sone overlaps for both ears.
The test is perforned at 50 dB above SRT. The patient is
requested to repeat both spondees. The scoring and inter-
pretation of SSWtest requires a special formwhich is
commercially available. This is one test in which precau-
tionto rule out peripheral disorders is maintained. Poor
scores on the SSWtest suggest a lesion in the higher brain

centers on the contral ateral side.

2. Dchotic vs. Dotic listening;

In dichotic stinmulation both ears are stimulated but
each ear receives a different nessage fromwel | separated
. 26
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channel s of a tape recorder or simlarly independent signa
sources via ear phones. It is neither binaural hearing
nor true stereo hearing both of which are simlar to diotic
stimulation. Indiotic stimulation identical nessage is

given to both ears simltaneously.

3. Acoustic variables in dichotic stimulation

3.1 Target stimuli and conpeting nessage:

Various types of stimuli such as CV' s (consonant-vowel)
nono- syl | abl es; sentences and nusi cal chords have been used

intichotic stinmulation tests (Berlin, 1972.Dh)

The right ear is seen to show an advantage in the per-
ception of linguistic stimuli. Natural words gave snaller
|aterality effects than nonsense syllables. This may be
due to linguistic differences in listening capability and
inword famliarity. This linguistic and phonetic effects
Is an inportant variable and nust be dealt within dichotic

| i st eni ng.

Wen CV' s (consonant vowel) are used as stimuli in
dichotic listening tasks, the tenporal onset becones very
critical indichotic perception . |In cases of sentences,
however, the tenporal onset is not so critical (wlleford,
1978). Matzker (1959) was anong the first to give dichotic
Integration test using speech sentences. The conpeting
sentence test (CST) developed by Wlleford (1977) also uses

sentences stimuli.

The length of the conpeting and target stimuli should be
.27
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approxi mately the same. The use of conpeting digits that
have different syllabic length and phonetic content is an
I nher ent net hodol ogi ¢ short-comng in nost teats, e.g. it
Is easier to differentiate 'one' from'six' but not sowth

[upa/ and /bal.

Usual Iy a continuous discourse or a babble of several
voi ces, environnental noise, w de band noi se, accel erated
speech, backward speech, et., have been used as the com
peting nessage. This type of conpetition differs fromthe
test stimuli. Triesnman (1964), suggests that the use of
simlar content material, delivered by the sane talker
prooves a nore difficult listening task. WIleford (1977)
has adopted this in his conpeting sentence test (CST). The
sentences in the conpeting sentence test (CST) contain a
common thene, are of simlar length and content and are
spoken by the same talker. This is supposedly assuned to

resenbl e the everyday |listening task which nornmals face.

Musi cal chords, have al so been used for dichotic
listening tasks. It was found that the left ear perforns

better (Berlin, 1972b).

3.2 Intensity of stimuli:

In dichotic listening tasks the conpeting nmessage has
got to be nore intense before it is effective.

When dichotic C/ s were given at 80 dBSPL the right
ear out-perforns the left. As the signal to the right is

attenuated the right maintains its superiority over |left
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till the CVs in the left are d 20 dB nore intense than
those inthe right. A 50 dBSPL the right ear advantage
(REA) is overconme when left is only 10 dB nore intense

than right (Qullen, et al. 1974).

Oh the whole it can be concluded that the attenuated
ear perforns nore poorly and the unattenuated ear inproves
its performance in a reciprocal fashion.

et al.
Berlin/(1973) suggests that in dichotic |istening

tests, the conpeting sentences do not serve as maskers
but the 2 ears interact. Since, a narked drop in perfor-
mance of weak ear is seen only with speech stimuli and

not noi se.

3.3 SNratio variations:

An 18 dB SN ratio to the left ear is enough to
overcome REA(right ear advantage). This 18 dB SN ratio
is barely enough to interfere with connected speech though
it will interfere, to sone extent w th nonoaural syllable

intelligibility.

WIlleford (1978) uses a SNratio of -15dB in his

CST (conpeting sentence test) to overcone ear effect.

3.4 Band w dth:

When the band width of left ear is |ow pass filtered
at 4000 Hz. but the right ear nessage is |low pass filtered
at 3000 Hz. the REA (right ear advantage) is overcone. The
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total nunber of syllables perceived by both ears renains con-

stant. As one ear decreases in accuracy the other increases.

3.5 Tenporal offset:

In dichotic listening tasks the tenporal onset of paired
V CV' s should be simultaneous; otherwise the 'lag effect' is
seen. This is a condition where the del ayed channel is heard
better than the lead channel. Wen left ear signals follow
those presented to the right by 30-90 nsec; the REA(ri ght
ear advantage) is overcone; conversely, when the nessages
are lagged to the right ear the REA(right ear advantage) is

enhanced, to that seen in sinultaneity.

Berlin, et al. (19733 suggests that perhaps the contra-
| at eral pat hways conduct faster hence the |agging stimuli

Is perceived better. This may be related to dom nance.

4.0 Non-Acoustic variables in Dchotic testing:

4.1 Articulation and reauditerization interaction:

An interesting difference in the witing down and
speaki ng back response node of dichotic experinments has
been found. The itens recalled second in dichotic digit
testing tasks were nore accurately recalled when the sub-
jects wote down the answers than when they repeated. This
may be due to interference by the vocal output of the re-
call of the digit spoken. The notion that speaking inter-
feres with recall of recently perceived verbal stimuli
suggests that there may be an interaction between articul a-

tion and reauditerization (Berlin, 1973 c).
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Abbs and Smth (1970) used DAF and found that nore
articulatory errors were nade when DAF was given to right
ear and conclude that a control or interaction between
right ear and articulatory novenents is possible. This
finding supports Studdert-Kennedy and Shankwhi el er (1970)
that | eft hemsphere nonitors primarily, the consonants and

bot h hem spheres nonitor vowel activity.

4.2 Senantic levels of infornation:

Lewis (1970) did a study to determ ne whet her an
unattended nessage in adichotic listening task is per-
ceived. He concluded that an unattended nessage is per-
ceptially analysed and can interfere wth the perception

of an attended nessage.

4.3 Oder of report vs. order of arriva

O der of report refers to the subjects reporting al
t he nmessages fromone ear before all nessages to the other
ear. Oder of arrival refers to the tenporal order, i.e.
first one inis the first one out. @ ven enough tine bet-
ween nessages the subjects organize the stimuli into per-
ceptual whol es regardl ess of the order of arrival (Yates,
1970).

Gerber and Goldman (1971) did a study using 3 types
of reporting strategies, viz. free recall, ordered before
and ordered after. |In free recall subjects reported as
they heard or in whichever order they felt confortable.

In ordered before, the subjects were informed as to which
ear to report, before the stinulus was presented. Thus they
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|istened to one ear while ignoring the other. In ordered-
after the subjects were asked to repeat the sentences

whi ch had been given to a particular ear. The right ear
was superior in all three conditions. The immediate
channel was nore accurate than the del ayed channel in all
three conditions. 1In the free recall right was reported

first.

Pizzamglio (1974) report that results were 30%i n-
consistent in test retest correlation with he the sane
sane subjects when dichotic listening tasks were used. The

ear preference of subjects was consistent.

4.4 Role of Syntax

Zurif and Salt (1970) report that on using structured
and unstructured stimuli they found that the structured
stimuli had connective words |ike- to, for, be, etc., left
in. Therefore the sentences could be read w th nornal
i ntonation and prosody. The unstructured stimuli was read
like alaundry list. The structured was found to generate

a larger laterality ear effect.

Sussaman (1971) suggests that the neuro-psychol ogi c
systens whi ch process the effects of Intonation, rhythm
pause, stress with constituent structure are |ateralized

and these enhanced processing at the phonetic |evel.

4.5 Developnent of Brain laterality:

Berlinet al. (1973 a) found that girls have the adult
pattern of ear dom nance for speech earlier than boys.
Nagaf uchi (1970) found that 6 year old children and young
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adul ts achieved al nost identical dichotic results for the
right ear. At 3 years of age girls are superior to boys
on both dichotic and nonotic listening tasks. By 5-6 years

boys and girls show about the sane laterality effects.

Berlin, et al. (1973,a) have found that REA (right ear
advantage) is fixed by 5 years of age and is independent of
sex. The ability of the speech processor to correctly
identify two simultaneous stimuli increased with age, on a
doubl e report paradigm However, on a single report para-
digmRBA (right ear advantage) did not vary with age of sub-
jects.

Wl leford (1978) clains that CST (conpeting sentence
test) can be used to follow changes in performance with
maturation. According to himdom nance is established by
9 years of age as established by CST (conpeting sentence test)
However, there is a great deal of variability as to when

this skill is achieved.

Beaunont (1976) states that MBD (mninmal brain
damaged) children develop laterality [ater than norma
children. They had | onger reaction tine when stimuli was
given to left ear than to right. Left ear had nore errors.

Their performance is simlar to nornals.

5.0 FRole of left hemsphere in dichotic |istening:

Berlin and Lowe (1972) state that when normal ears
are individual ly tested they show simlar PTA (pure tone
average) and WbS(word di scrimnation score). However,
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when two simultaneous or nearly simltaneous signals are
presented dichotically, asynetrics in ear function rel ated

to brain asynetry are uncovered.

St uddert - Kennedy and Shankwei | er (1970) i nvestigated
REA (right ear advantage) using CV/C (consonant-vowel - conso-
nant) nonsense syllables presented dichotically. Only one
sound of the CVC was nani pul ated systematically and they
found significant REA (right ear advantage) for consonants
but not for vowels. Hence they conclude that specialization
of the dom nant hem sphere in speech perception is caused by
Its possession of a linguistic device which anal yses pri -
marily, consonant-features independent of nost other acoustic

features of speech.

Lowe, et al. (1970) reported that noi sel ess consonants
were nore intelligible dichotically than voiced consonants
regardl ess which ear received the noi sel ess consonant. The
REA (right ear advantage) could be overcone by putting
noi sel ess consonants in the left ear and voi ced consonant

inright ear.

According to Dobie and Simons (1971) the ipsilateral
pat hway to the dom nant hem sphere is adequate in nornal
| i stem ng conditions, but becanme strongly inhibited during
di chotic conpetition. According to Lowe (1970) in dichotic
|istening tasks both ears are suppressed as conpared to nono-
tic |istem ng tasks.
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Ascribing REA (right ear advantage) to |left hem s-
phere dom nance does not explain the function of the left
ear indichotic listening tasks. Berlin, et al. (1975)
note that in normal |isteners, both ears receive inforna-
tion that prevents either ear fromreaching the 100%
performance level. 1In short it can be concluded that di-
chotic listening does not involve masking but the interaction
between the ears. In normals the right ear may be nore

effective in suppressing conpetition.

Cor pus cal | osum sectioni ng produces simlar assynetry
indichotic listening and supports that non-dom nant hem s-
phere plays an inportant rule in processing speech. The
effect of corpus callosumsectioning is manifest in the

ear ipsilateral to the speech and | anguage hem sphere.

6.0 Findings in pathol ogi cal cases:

The various tests of central auditory dysfunction,
by virtue of their design are not equally sensitive to the
effects of brain |esions. However, findings in selected
pat hol ogi cal groups is discussed bel ow

Baru and Karaseva (1972) report that in patients
with local lesions of the tenporal |obe, there was a dis-
turbance of the perception and reproduction of fast
r hyt hns.

Kimura (1961) showed that heal thy subjects made
fewer errors in the recognition of tunes presented to
the left ear and fewer mstakes in the recognition of verbal
material, including nunbers, presented to the right ear.
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Lesions in the parieto-tenporo-occipital region
leads to inpaired |ocalization ability. The ability to
identify the duration of the tone is also lost in tenpora

| obe patients (Baru and Karaseva, 1977).

Lynn and G lroy (1977) state that in left tenporal
| obe lesions and brain stemlesions the contral ateral ear
shows depressed function on sensitized speech tests.
Subj ects who had their corpus call osum sectioned found
difficulty in understanding digits in left ear when pairs
were presented- dichotically. Parietal |obe tunors and

nascul ar tunors showed sim/lar results.

Berlin, et al. (1975) studied several pathol ogica
groups and found t hat
1. I n tenporal |obectonees, as the weak ear's perfor-
mance declines the strong ear may perform better than
normal in aright tenporal |obectonee. However, despite
chance perfornmance in the weak ear, the strong ear, never

reaches 100%l evel .

2. By contrast, as the weak ear of the hem spherectonee
perforns near chance, the strong ear al nost always perforns
at 100%Il evel. Apparently sone information is still being
transmtted, in a tenporal |obectonee fromthe weak ear to
the strong side, which is sufficient to interfere with the
strong ear's performance. In contrast, no infornation is

transmtted fromthe weak ear of the hem spherectonee that

interfere with the processing of Information fromthe stronger.
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In tenporal | obectonees there is no lag effect and
the strong ear continually out-perforns the weak ear even
at 90 nsec. |In hemspherectonees no |ag effect was seen
but the strong ear performed with unusual efficiency as
conpared to the strong ear of either nornmal or tenpora
| obectony. In the hem spherectonee, the weak ear is
drastically suppressed but the strong ear is functioning
at virtually a 100%level. This inplies that the weak ear
information is not interfering at all with the processing

of the information comng to the strong ear.

In the right tenporal | obectony the weak ear perforns
poorly but the strong ear tends to performbetter than that
innormals. In contrast, inthe left tenporal |obectonee
the strong ear perforns less efficiently than the strong
ear innormals. Patients with sectional corpus callosum
behave simlar to hem spherectonees, with little or no

interference fromthe left ear in dichotic |istening.

Wl leford (1978) admnistered CST (conpeting sen-
tence test) to several pathological groups and found that
with parietal |lobe tunorss, no ear difference was obtained
on nonotic stinmulation. Wth dichotic stinmulation diffe-
rences were seen in deep seated tunors. |In frontal |obe
tummors, variable results were obtained. Some subjects
showed abnormal results on dichotic stinulation. Wth
other brain | esions, eg. vascular and degenerative types of
| esion CST (Conpeting sentence test) showed significant

resul ts.
.37



37
Lynn and Glroy (1977) admnistered CST (conpeting
sentence test) and found poor results on corpus call osum
sectioning. In parietal |obe, tenporal |obe and Thal amc
| esions nornmal scores were obtained. This is in contrast
to Wlleford s (1978) findings. He states that tasks

requiring a response to both stimuli is nore difficult.

Berlin, (1970) found that patients w th agenisia
of corpus callosumshowed no strong laterality effect but

those with comm surectony did.

Wlleford (1978) clains that CST is hel pful for noni-
toring changes in patients neurologic status as a result of

treatment or surgery.

7.0 Fndings in children with learning D sabilities:

Children with hearing loss are difficult to identify
at an early age. Mre so it is to establish threshol ds
children are difficult to notivate, they are not very co-
operative and they have short attention span. So any test
designed for children should be short, attractive and con-
crete. |If the child has multiple handicaps then the problem

becones conpounded.

In recent years auditory perceptual disorders in
children is gaining nore and nore inportance. The diagnostic
and theraputic aspects are receiving rigorous research in-
vestigations. These children with auditory perceptual de-
ficits have been variously designated as |earning dis-
abl ed, mninal brain danaged, etc.
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Pinhererio (1977) has cited the definition of |earn-
ing disabled children as proposed by the National Advisory
Commttee on handi capped children, i.e. children with speci-
fic learning disabilities exhibit a disorder in one or nore
of the basic psychol ogi cal processes involved in understanding
or using spoken or witten | anguage. These nmay be nanif es-
ted in disorders of listening, thinking, talking, reading,
witing, spelling or arithnetic. They include situations
whi ch have been referred to as perceptual handi caps, Brain
injury, mninal brain damage, dyslexia, devel opnent al
aphasia, etc. They do not include |earning probl ens which
are due to visual, hearing or notor handi caps, or to
mental retardation, enotional disturbance or to environnen-

tal di sadvantage."

Fromthis definition we can see that these children
show a reading failure inspite of nornmal intelligence,

and nornal sensorinotor devel opnent.

In order to provide effective rehabilitation at the
earliest stage early diagnosis is essential. Several in-
vestigators have studied auditory processing in |earning
di sabl ed chi | dren( Mkl ebust 1967, Wtkin 1970, Dobic and
Simmons 1971, Beasl ey and Freeman 1977, Pinheiro 1977, WI I e-
ford and Bil ger 1978, and Freenman and Beasley 1976).

The investigators have shown that |earning disabled
children have auditory perceptual difficulty. Normal chil-
dren first learn | anguage through their auditory systens.
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Readi ng is a secondary | anguage skill which depends on
visual auditory integration. Since nuch of the |earning
i n school depends on reading, those children wi th problens
inintegrating the visual synbols of printed words with
the auditory representati on of that word, are under-
achi evers. Mreover there may be a nore specific central
auditory processing deficit - tenporal sequencing nmay be

deficient. These children show the foll ow ng behavi oral

probl ens.

1. Dfficulty in localizing sound source.

2. Inability to conprehend neani ng of environnental
sounds.

3. D scrimnation anong sounds and words.

4. Dfficulty in reproducing the pitch, rhythm and

mel ody of nusic
5. Inability to distinguish and select the signifi-

cant or inportant fromother sounds.

6. Dfficulty in speech to conbining syllables to form
words and words to nake sentences.
7. They have normal intelligence.

In order to detect any central auditory disorder in
children any one of the several central auditory disorder
tests can be used. However, each test taps on a different
site of lesion and on a different aspect of auditory ex-
perience. Mreover not all have been standardized with
children. The follow ng tests may be used with children.
1. A ternate speech perception test.
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Bu Binaural fusion test.
Low pass filtered word tests.
Conpeting sentence test.
. S mul t aneous sent encet est .

Staggered spondiac word test.

N o oA N

Pitch patterns.
Al these tests were admnistered and a profile was
drawn up; inwhich it was seen that all |earning disabled

children had simlar profiles (Pinheiro, 1977).

Casetello (1977) reports that the Flowers Castello
test of central auditory abilities (CAA) was useful in the
di agnosis of central auditory disorders in children. 1In
this test, there are atotal of 48 itens. 24 are |ow pass
filtered sentences and 24 are sentences with a running dis-
course as conpeting nmessage. The child is required to
conplete the test sentence by pointing to an appropriate

picture from an array.

Beasl ey and Freeman (1977) have admnistered tine
conpressed speech test to learning disabled children and
found that it was a useful neasure to differentially dia-
gnoi se the learning disabled children fromnormal children,

Normati ve data has been provided by them

Beasl ey (1977) used nonotic stimulation with tine
conpressed speech and found a REA (right ear advantage).
Beasley et al. (1976) used tine conpressed versions of
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WPl (word identification by picture index) and PBK-50
(phonetical Iy bal anced words for kindergarten) etc., and
found that average intelligible scores increased as a
function of increasing age, sensation |evel and decreased

with increasing anounts of tine conpression.

Manning, et al. (1977) found that auditory per-
ceptual |y disordered children perfornmed just as nornal s
when the rate of presentation was normal, i.e., o0%tine
conpression or slightly faster, i.e., 30%. However with
60% conpr essi on perfornmance decreased. Since the |earning
disabled childs problemis with short termnenory. Tine
conpression facilitates short termnenory function in
| earning disabled children. This nay be the reasons for

normal performance at 30%¢tine conpression.

Wlleford and Bilger (1978) suggest that the reticul ar
activating systemnay be faulty in |earning disabled child-
ren and it allows too many sensory stimuli to stimulate
the child. This discrimnation is faulty. The other
auditory stimuli, i.e., conpeting nmessages act as distrac-
tors, hence poor results on dichotic listening tasks is

obt ai ned.

Wiite (1977) has provided normative data on the SSW
(staggered spondiac word) test and CST (conpeting sen-
tence test) in normal and |earning disabled children. Both
tests provide information about the devel opnment and mat u-
rity of the auditory centers besides providing site of |esion

testing.
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Willeford (1978) used CST (conpeting sentence test)
with learning disabled children. The CST (conpeting sen-
tence test ) reveals subtle dysfunction in auditory beha-
viour. It can be used to follow changes with maturation,

training, counselling and environnental control.

8. Speech Audi onetry in Indian Languages

Several Indian authors have attenpted to devel op and
standardi ze several tests in speech audi onetry(N kam 1968;
Abrol 1971; Kapur 1971; Chandrashekar 1973; Swanal at ha
1972; Samuel 1976; Nagaraja 1973; Rajashekar 1976; Malini
1981; Sood 1981).

Anong t hem Chandr ashekar (1973), Nagaraja (1973) and
Sood (1981) have devel oped the SSW (Staggered spondi ac
word test), SSI (synthetic speech test) and tine conpressed
speech. Al these tests can be used in central auditory

di sorder testing.

However, the time conpressed speech test and SSWare
both in Indian English; hence cannot be used with the | ocal

popul ati on.

The SSWtest involves an elaborate scoring systemwhich
requires intensive training before it can be admnistered

easily and accurately with speed.

The SSI test is in Kannada and provides a reliable nea-
sure of higher order testing. However a continuous di scourse
Is used as the conpeting nessage. According to Trei sman
(1964) this is a gross limtation in conpeting message tasks
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as the conpeting message is ignored, since it is regarded
as irrelevant. Hence the task prooved to be easier and not
sufficiently challenging to the higher cortical centers.
Simadri (1977) noted that when the conpeting message was of
the same |anguage as the target sentence the task was nore
difficult. Hence poorer results were obtained. Hence it
can be concluded that the closer the conpeting nessage
approaches that of the target sentence the nore difficult
is the task. This is what is done in the conpeting sen-

tence test.

The conpeting setence test when admnistered under a
doubl e report paradigmis a very difficult task (Lynn and

Glroy, 1977).



Chapter 3

METHCDOLOGY
Subjects: Thirty seven native Kannada speakers in the
age range 18 years to 25 years were selected. O them 30
subjects (22 females and 8 nmal es) were used to establish

the nornative data for conpeting sentence Test.

7 adults (5 females and 2 nal es) were used in another
study which required the subjects to repeat sentences pre-

sented to both the ears.

Al the subjects had nornmal hearing ( 20 dBHL ANSI
1969). MNone of themhad any history of otol ogic or neuro-
| ogi ¢ disorder. Incidental sanpling was done. The sub-

jects' sanple was drawn fromthe urban literate popul ati on.

Al'l subjects were right handers except for one fenal e
subj ect who was | eft handed. However, no tests were adm -
nistered to determne the dom nant hem sphere ot her than
enquiring as to which hand was nost commonly used for

activities such as witing, eating, etc.

Materials: 25 natural sentences in Kannada were used
as test itens. The sentences were of simlar length and
contai ned approximately equal nunber of words and syl |l abl es.
Bot h t heconpeting sentences and target sentences contained

a coomon thene, i.e., famly, food, safety, etc.
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Transl ati on:

a) Ramu will cone for breakfast now.

b) Raju will go hone for |unch

The conplete list with translation is given in
Appendi x 111.

The sentences were recorded on a two channel tape
recorder using the sanme talker, wth a M/sore dial ect.
The sentences began at the same tine and ended at approxi -
mately the sane tine. The sentence construction was such
that they could be easily inter-changed, i.e., The first
half of the target sentence and the second half of the
conpeting sentence could be conbined to nmake a third sen-
tence which was syntactically and semantically acceptabl e.
The sentences were designed to mnimze perception by key
words alone. The itens were enpl oyed in an open set

par adi gm

The | anguage | evel was selected so as not to penalize
low intelligence people, lowliteracy |evels. The vocabu-
lary used in the sentences was well within the range of

chi | dren.

Apparatus and test equi pnent:

The fol |l owi ng equi pnent was used for the recordi ng of
the test materials.
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A 4 track stero spool tape recorder (uher SG 631
Logic) with a omnldirectional mc (uher M534) and
a stereo cassette tape deck (cosmc co 83xD) with a
review and cue system For the admnistration of the test
itemthe equi pnent used was a dual channel diagnostic
audi oneter (Beltone 200 C) . The audi oneter was coupl ed
to the right and left channels of the stereo cassette tape
deck (Cosmc Co-88xD) via the tape input and externa
input. The list itens were delivered to the right and
left ears through the Transducers TDH 49 housed in supra

aural cushion (MK - 41/ AR

Test envi ronnent:

Pure tone audionetry and speech audionetry was done in
a two roomsituation. The sound treated roons of the All
India Institute of Speech and Hearing were used. The noise
| evel s of the roons were neasured using sound pressure
| evel neter (B&K 2209 with B&K condensor mc 4144). The

| evel s are tabulated in the Appendix I.

Recor di ng procedure:

Primary recording of the natural sentences was nade
in asound treated roomof the Al Indian Institute of

Speech and Hearing using an omidirectional mc (uher Mb34).

The two lists were recorded on track | and Il of a
4 track stereo spool tape recorder ( uher SG 631 | ogic)
at 7¥%/sec tape speed. The recording was done such that
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the onset of the paired test stimuli was sinultaneous.
This was achieved by nothing the counter |eading, on the
spool tape recorder, at the beginning of each target sen-
t ence. The conpeting sentences were then recorded by
rewi nding the spool and starting the second |ist of sen-
tences at exactly the sanme counter reading as that of the
target sentences on Track I. The speaker practised this
several tines in order to achieve accuracy. This node of
recording was found to be accurate, hence no oscill ograph

was used to align the sentences.

Berlin et al. (1973) have stated that tine natching
of the onset of the stimulus pairs is a critical factor
in the dichotic listerning tasks involving CV' s, where the
brief signals differ by only by a single consonant. How
ever, Wlleford (1978a) has shown that exact tine natching
of the onset of the paired stimuli is not so critical as
several other on going factors, viz., the nature of test
stimuli and conpeting nessage, play a najor role in the

dichotic listening of sentences, unlike that in CV s.

The two sentences, however, had nearly the sane onset
and termnation tine
An inter stimulus interval of 6 sec. was given bet-

ween each stimulus pairs for the subject to respond.

A 1000 Hz. calibration tone with RVS val ue, the sane
as the vocalic anplitudes of the syllables in the sentences
was placed on the tape as a reference calibration signal.
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The test itens were read by a native adult fenale
Kannada speaker whose fundanental frequence was 250 Hz.

The test itens were spoken naturally, peak intensi-
ties of the sentences were nonitored on the recorder's

VWU neter, to avoid distortion.

The entire recording was nmade in a single session.
This was the naster tape.

The sentences fromthe master similtaneous tape was
t hen dubbed on to a dual track cassette using a stereo
tape recorder (cosmc co-88xD) which was found to be
conpatible with the stereo spool tape recorder (uher SG
631 logic). This cassette was used for the test admni -

stration.

Instructions for Experinents la and Ib and Ila and

"First you w |l hear pure tones; when you hear the
sound raise your finger; when the sound stops drop your
finger. You should raise your finger even if the sound

Is very soft."

Specific instructions for Experinent No.l

"You wi I | hear two sentences in your ears sinmulta-
neously. Your job is to ignore the sentences in your
right/left ear and to identify those in the left/right

ear by repeating. Have you under st ood?"
.49
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"You will hear the sentences presented simultaneously to
the two ears. Your job is to repeat both the sentences. Do
not try to concentrate on any one year while ignoring the
other. The task is a bit tough, hence you shoul d concen-

trate on the task."

Procedur e:

Two experinents were conducted. Experinents la and Ib
were conducted to study the ear effect on the perfornance
of normal hearing subjects for the conpeting sentence test.

Experinments Ila and Ilb were conducted to study whe-

ther the two lists would yield different results.

The target sentences were delivered at 35 dBSL (re.
pure tone average 0 dBSRT = 13 dBSL) and the conpeting
nessage was given to the other ear at 50 dBSL (re.pure
tone average. 0 dBSRT - 13 dBSBL). Thus a signal to conpe-

tition ration of -15 dB was adopt ed.

Experinment la and Ib were carried out to study ear
effect. The sane 15 subjects were used in both experinents.
In Experinent la the subjects received the target sentences
in the right ear and the conpeting sentences in the left ear.
After an interval of one nonth, to overcone any effect of
nenory on the results, the sane subjects were retested in
Experi ment | where they received the sentences in a reversed
order, viz. the target sentences were in the left ear and the

conpeting sentences in the right ear. See Figs. 1 and 2
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To control list effect another 15 subjects were used.
In Expt. Ila , the subjects first received list A (target
sentences in right ear and |ist B (conpeting sentences) in
left ear. The target sentences were always given at

35 dBSL (re:pure tone average 0 dBSRT = 13 dBSPL) and

t he conpeting sentences were always given at 50 dBSPL
(re.pure tone average. 0 dBSRT - 13 dBSPL). In Experinent
IIb, the same subjects were then given list B (target
sentences) in right ear and list A (conpeting sentences)

inleft ear. See Figs. 3 and 4.
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(test ear) Rt. _—_ Lt. (non test ear)
35 dBSL / \ 50 dBSL
| - -
List A \ y, fist- B
Nl e P
Fig.3
Expt. Il
(test ear) Rt. — Lt. (non test ear)
35 dBSL / 50 dBSL
—(| r ]S
List B \\ / List A
Fig.4

Experinment 111 was conducted to find out if the CST
could be used as a test for domnance. Both the sentences
(target and conpeting) were admnistered at 35 dBSL (re.
pure tone average). Subjects were required to repeat both

sent ences.

Rt LT
Target sentence ey Competing sentence

35 dBSL \ J°" 35 aBsL
For this study 7 subjedts ( 2 males and 5 fenmal es) were
tested. Al subjects were right handed and net the sane

criteria as for the above two experinents.

The single left handed subject was tested again in
Experinent 111 to check for dom nance. However care was taken
to ensure that the results would not be contamnated by
menory effect. This was done by interposing an interval of

1 nonth after Experinment |l and before conducting Expt. 111
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Response node and scoring:

A single report paradigmwas enployed for the conpeting
sentence test. The subjects listened and reported the itens

presented to one ear while ignoring the other ear.

Two types of responses were scored in this paradigm
I.e., either correct response or error. FError was defined as:
1. Any instances where portions of the two sentences were
i nterchanged resulting in a new sentence.

2. I nstances of syntactic confusions.
3. QOm ssion or substitution of any crucial words which

would alter the meaning of the given sentences.

In the two responses paradi gm subjects repeated both
the conpeting and target sentences. Three types of res-
ponses were scored.

a) Both the sentences were correct (double correct).

b) Only one nember of the stimulus pair was correct

(single correct).

c) Neither menber of the stinulus pair was correctly

identified (double error).

In the single report paradi gm absol ute accuracy was
stressed. In the double report paradi gmthe sentences
were scored correct even if the words were changed provided

the neaning of the sentences renained the sane.

Each sentence received a score of 4% . I|f all the
sentences were correctly identified a score of 100%was
det ai ned. .. 53
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Pl an of Anal ysis:

Mean a val ues of the percentage of correct response
was calculated for right, left and both ears, in the single
and double report strategy. The scores obtained fromthe
mal es and fenal es was conpared using the WIIl coxon natched

pairs signed ranks test.

The single left hander's scores was conpared w th the
performance of right handers. The conpeting sentence test

scores for nornal adults was establi shed.
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Chapter 4

ANALYSI S, RESULTS AND DI SQUSSI ON

Thirty seven nornal hearing subjects were tested
(10 nmal es and 27 fenal es).

The nunber of itens repeated correctly by the subjects
was converted into percentage scores. The mean percentage
score was conputed for each experinent. The WI coxon natched
pairs signed ranks test was used to find the significance of
the difference between the scores obtained in -

1) In Experinents la and Ib

2) In Experinents Ila and IlDb

3) In Experinent |11

Results and di scussi on:

The results of the experinment | (la and Ib ); Experi-
ment Il (lla and IIb ) and Experinent |1l are presented
intables 1, 2 and 3 respectively. 1In a single report para-
digm the nmean percentage score for right ear was 95% and
for the left 93% There is a slight difference(2% bet-
ween the nmeans of Rght and Left ears. However, this was
found to be statistically not significant as determned by
the WIicoxon natched pairs signed Ranks test. Hence it
can be concluded that the test results are not likely to be
based by the ear effect. This is in accordance wth
Beasley, et al. (1972). According to them" In order to
validly use the sane test for both right and left ear
performance of nornal subjects would warrant that test re-

sults between ears be essentially equal."
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However, nost of the subjects did report greater
ease in attending to the right ear. They subjectively felt
that they had to concentrate nore when the left ear was
tested, and had greater difficulty in ignoring the right
ear conpeting nmessage. This is in accordance with Berlin
et al. (1973 c). He state that the contralateral pathway is
stronger and since the left hemsphere is domnant for

speech, listening in the right ear is easier.

The neans for right and left ears in the case of nale
subj ects were; 96%and 89%respectively. The neans for
right and left ears in the case of fenale subjects were:

95%and 94%respectively.

The results show that there is slight right ear advan-
tage in nmal e subjects.

By conparing, the results of Ila and Ilb , any possi-
ble difference in the results due to different |ists was
evaluated. The results showed that there was just 2%

di fference between the neans obtained for the lists A and B.
This difference between the scores obtained for list A

and list Bwas not statiatically significant at 0.5 | evel
(W1 coxon natched pairs signal ranks test). The results

show that the two lists are simlar.

In Experinent |1l a double report paradi gmwas used.
A nean score of 79%in right ear and 47%in left ear was
obtained. This difference was found to be statistically
significant at 0.05 level of significance as determned by
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EAR EFFECT
Table 1
{ lll\'\-\,\% 5

M F -

F 100% 92%
F 92% 100%
F | 00% Lt . hander) 92%
F 96% 100%
F 96% 100%
F 92% 100%
F 96% 92%
F 100% 80%
F 88% 96%
F 96% 100%
F 96% 88%
M 100% 100%
M 92% 88%
M 100% 76%
M 92% 92%
Mean 95. 73% 93%
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LI ST EFFECTS
Table 2

F 100% 88%
F 96% 96%
F 100% 96%
F 100% 84%
F 96% 92%
F 100% 96%
F 96% 92%
F 100% 96%
F 100% 100%
F 96% 92%
F 88% 92%
M 100% 88%
M 92% 92%
M 96% 96%
M 68% 100%
95. 2% 93. 3%
..58




DOUBLE REPCRT PARAD GM

Table 3

R. Lt.

88% 56%
56% 22%
88% 52%
68% 22%
88% 60%
84% 36%
84% 84%
79% 47%

.. 99
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W coxon matched pairs signed ranks test. Hence it can be
concl uded that when the CSTfconpetlng sentence test) is
used in a double report paradigm it can be used to identify
dom nance and to study ear effects. Fromthe table 3 we
can see that neither of the two ears reached 150%] evel
in any of the subjects. This supports Berlin et al.(1975)
statenent that even the ipsilateral pathway participates

i n dichotic |istening.

When used in a double report paradigmthe test nay
serve to be sufficiently challenging to detect any subtle
differences in auditory perception. Hence it wll be usefu
inthe differential diagnosis of |earning disabled children
who show essentially normal results on the conventional test

battery (WIlleford, 1978).

It was also seen that fatigue of any form- nental or

physi cal resulted in poorer scores.

The single fenale left handed subject revealed 100%

scores in both ears. No ear difference was seen.

Sane subjects showed better perfornmance in left ear -
upto 8% This may be due to chance of fatigue or other

irrel evant vari abl es which could not be controll ed.



Chapter 5

SUMARY AND COONCLUSI ONS
In recent tines with increasingly advanced and sophisti -
cated tools at our finger tips, audiologists are begi nning
to take a greater interest in the diagnosis and eval uation of
probl ens whose manifestation is very subtle, viz. Centra

Auditory D sorders.

Recent literature is flooded with reports about the inci-
dence of auditory perceptual disorders in children and the
difficulties associated in their eval uation (Hodgson, 1967;
Martin, 1978; WIlleford, 1978 a, b., 1976; 1977; Manning et al .
1977; penheiro, 1977; Beasl ey and Freeman, 1977).

These children seemngly failed to benefit from nornma
education procedures inspite of normal intelligence, natura-

tion and sensory abilities.

They show nornal hearing sensitivity to pure tones
(Hodgson, 1967).

Del ayed devel opment of |anguage is seen along with
poor reading skills. These children are often m sdi agnoi sed
due to the confusing picture they present. They are m staken
as having hearing | oss, nental retardation or just beha-

vioral problens (Martin, 1978).

Faulty diagnosis can lead to drastic problens in these
children as they are wongly penalised and fail to receive
appropriate renedial help. This leads to social and educa-

tional retardation.
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Attenpts have been nade for the identification of
such children at the earliest possible stage. Mencher and
Stick (1974) gave MAST (Mencher and Stick Auditory screen-
ing test) a procedure by which children 3-4years of age can

be ruled out for central auditory disorders.

Beasl ey and Freeman (1977) and Manning, et al. (1977)
have found conpressed speech tests useful in h the identifi-
cation of |earning disabled children.

These chil dren show nore nunber of errorson the SSW

test (Wlleford, 1978).

The F owers Castello test of central auditory abili -
ties (CAA) was used by Castello (1977) and found useful in
differentiating auditory perceptual disorders from norna
chil dren.

W/ | eford devel oped the CST (conpeting sentence test)
in 1968. Pinheiro (1977) found this test was useful in

di agnosing children with central auditory disorders.

Lynn and G lroy (1977) reported that the CST was use-
ful in the diagnosis of deep tenporal, frontal and parietal
| obe tunors. The CST is also useful for nonitoring the natu-
ration process and establishnent of domnance. It can be used
to assess surgical or other treatnent procedures used wth

patients with central auditory di sorders.

In view of the many clinical applications of CST, a
simlar test in Kannada | anguage was consi dered essenti al
. 62
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to test the subjects (patients) who know Kannada | anguage only.

An attenpt was made in this study to devel op such a
test. A kannada version of Wlleford s conpeting sentence
test wag devel oped and standardi zed on the normal adult popu-
| ati on.

25 pairs of Kannada sentences of equal |ength and
common thene served as stinmulus material. Care was taken 1
to ensure that the |anguage |evel was appropriate for child-
ren. The sentences were admnistered in a dichotic node to
a total of 37 subjects (27 females and 10 nales) in 3 experi -

nent al nodes.

Concl usi ons:

In Experinment | (a and b) ear effect was determned. The
results showed no significant(as determned by WIicoxon
nmat ched pairs signed rank test) difference between the scores

of the right and left ear at .05 level of significance.

In Experiment Il (a and b) list effect was determ ned.
The results showed no significant (as determned by WIicoxon
nmat ched pairssigned ranked test) difference between the
scores obtained on the lists (Aand p) at .05 |evel of signi-

fi cance.

In Experinent 111 laterality effect was studied. A
doubl e report paradigmwa s utilized. The scores of the right
and left ears showed significant (as determned by WIicoxon
nmat ched pairs signed ranks test) difference at the .05 |eve
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of significance. A right ear advantage was seen in nost
of the subjects.
No difference in the performance of nmales and fenal es
could be seen. This may be due to the snmall nunber of sub-

jects tested.

The single left hander's performance was conpared wth
the perfornmance of right handers. No difference was noted
either in the single or double report paradi gm

Hence it can be concluded that any results obtained
usi ng the Kannada version of CST, are not likely to be
based by ear or list effects. It is- asufficiently challen-
ging test to be used with cases of central auditory dys-
function or in the identification of children with |earning

disabilities.

Nor mal subjects obtained a score of 95%in right ear
and 93%in left ear.
When presented in a double report paradigmthe test

can be used to determ ne dom nance.

Recommendati ons for further research

1. It can be admnistered on clinical population for
greater validity.
2. The effect of different nessage to conpetition
rati os shoul d be expl ored.
3. Effect of handedness and sex differences can be
determned by studying a | arger popul ation.
. 64
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Limtations of the study

1

2.

Cinical population was not tested using the devel oped
CST in Kannada | anguage.

Normative data on children could not be obtained due
to limted tine.
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Appendi x|

Nbi se level in dBSPL inside the audionetric
test room

Central Frequency SPL value in the 1S0(1969) SPL

Sl. of the Cctave room (re. val ues in the
NO. band in Hz. 0. 0002 dj/cnt audi onetric
room

1 125 37 31

2 250 35 25

3 500 26 26

4 1000 25 30

5 2000 36 38

6 4000 28 51

7 8000 39 56



Appendi x |11
Cal i bration.

The fol | owi ng procedure was adopted for the cali -
brati on of the audi ometer (Beltone 200 C for puretones
and speech.

For intensity calibration purposes, the test ear
phones (TDH 49) of the audi oneter (Beltone
200 c¢) was coupled to an artificial ear (B& Type 4153)
The sound | evel nmeter (B&K type 2203) with its associ at ed
octave band filter set ( B&, 1613) was connected to the
artificial ear. The attenuator was set at 60 dBHTL. The
out put of the sound | evel meter was checked at each fre-
guence from250 Hz. to 8000 Hz. The values are as shown

i n Tabl e 4.

Linearity was checked at 1000 Hz. The intensity
of the pure tone was increased in 5 dB steps and the out-
put was neasured using the sound | evel nmeter. The corres-
pondi ng increase in SPL value was noted. The dial was

found to be linear.

For frequency calibration, the test frequencies
(500, 1000 and 2500 Hz) was fed to the standard frequency
counter (ITI 203). Keeping the intensity constant the
frequenci es were checked. They were found to be w thin

the permssible limts as indicated by ANSI 1969.

Cali bration of the speech audi oneter.

The set up of the instrunents was the same as for pure

tones. The vowel 'a' was uttered into the m crophone, such



that the VUneter peaked at '0' |evel. The output SPL
was neasured with the sound | evel meter. '0' dBSRT was

found to be equal to 13.5 dBSPL.



Table 4

. EARpHNECAIBRATIONVA
LUES

R ght ear phone

Test
Fr oquency dBHTL dBSPL
250 30dB 102
500 80 89
1000 80 83
2000 80 86.5
4000 80 87
6000 80 89
8000 80 87.5

Left ear phone

250 80 97
500 80 85. 6
1000 80 78.5
3000 80

. 8;5
6000 80 84.5

8000 80 82.5



APPENDI X 111 ( a)

KANNADA SENTENCES USED AS STI MJLUS I N THE COVPETI NG

SENTENCES TEST

Conpeti ng Sentences

1.
2
3
4.

5.
G
7
8.
9.
10.
11.
12.
13.
14.
15.
16.
17+
18.
19.
20,

21
22.
23.
24.

25.
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Appendi x |11

English translation of the Kannada sentences used for CST

Tar get sent ences.

1.

10.
11.

12.

13.

14.

Qur not her has cone hone
Ramu wi || come hone for
br eakf ast now

The boys are pl ayi ng
The teacher goes to
school everyday

Qur not her is going
shoppi ng

Gang near the fire is
danger ous

She sings songs wel |

The ryots work hard to
earn

The cows eat green grass
Ravi reads the Ramayana
Qur not her wor ks hard
Gopl hag no noney with
hi m

Qur dog i s very beauti -
ful

There is a market near

our house

Conpeti ng Sent ences.

M/ el der brother will have
| unch now
Raju will go hone for |unch

now
The girls are sw nm ng
The students wite on the
board

Your father is com ng hone

W should not go to the
forest al one.
Rama wi || teach me singing

The coolies are very poor

The buffalow lies in the swanp

Suresh | ooks at the pictures
Your brother is going there

Ranmu has to give ne noney

The cat is running on the roof

There is afair in your

vil | age



15.

16.

17.

18.

19.

20.

21.

28.

23.

24.

25.

There is afeast in his
house t oday

There is a rose pl ant
in Sita's garden

There i s a wooden drain
there

The cock crows every
nor ni ng

There is heavy traffic
in this road

Shoba is wearing a red
| unga

That bird is flying in
the sky

/ W can sail in a boat
over water

There is a shop near

our house

| had gone to the tenple
on Sat ur day

My younger sister has

sone bangl es

(Appendix 11l Contd.)
There is a carnival in his
vi |l | age tonorrow
There is a jasmne bush in
Kanmal a' s gar den

There is a steel table there

It 1s dark by 6 Oclock in the
eveni ng

That day, there was an acci dent
her e

Leela is wearing a green saree

The ciow s col our is black

W can go fromplace to place
in a ship

Your textile business is good

You have to conduct prayers
t oday
Your el der sister's chain is

good



