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| NTRODUCTI ON

Speech is a conplex process. The ability to attend to
spoken conversation, to conprehend, renenber, and respond
appropriately involves a series of intricate process that
occur automatically in nost individuals. Rarely does one
consider the conpl ex succession of events that is involved
in the integration of information in our brain during
conver sati on. For effective communication to occur, the
brain, through the central nervous system network, nust
receive, transmt, decode, sort and organize all auditory
i nformation before conprehension is achi eved. Thi s
int.egration nust take place in a rapid and precise nanner
even when background noise and other alterations of the
auditory signal create interference. The anatom cal network
and redundancies of the auditory neural pathways work as an
intricate nechanism to performthese functions (DeConde,

1984) .

Central auditory processing (CAP) is the |abel ascribed
to this neur ol ogi ¢ phenonenon. This term is used
i nterchangeably with other termnology such as centra
auditory ability, central auditory perception and centra
auditory function. Central auditory processing dysfunction,

auditory perceptual disorder, non-sensory deficit, auditory



| anguage di sorder or auditory processing problem are nanes
used to describe the problem that sone i ndi vi dual s
experience as a result of deficiency in the above nentioned

aspects (DeConde, 1984).

Central auditory processing disorder (CAPD) nmay be
broadly defined as an inpaired ability to discrimnate,
identify or otherwi se process auditory information that
cannot be attributed to inpaired hearing sensitivity or

inmpaired intellectual function (Keith and Jerge, 1990).

During the 20th century, an exponential growh in
knowl edge and technol ogy has placed significant stress on
each child s sensory and learning abilities. The child now
needs to listen for long periods in noisy, |arge classroons,

remenber nore conplex information at an earlier age and

menori ze not only for short durations but for | ong
dur ati ons. As a result, reports of children with centra
audi tory processi ng probl ens have al so i ncreased

exponenti al | y.

The assessnment of central auditory processing nust,
thus begin wth careful observation of the child, wth

particular attention to the auditory behaviour patterns.



Wen possible, an in depth history fromthe child' s parent
or guardi ans shoul d be taken. Hearing evaluation to rule

out peripheral hearing loss is also essential.

There are two very different approaches to test central
auditory abilities. The first approach used primrily by
speech-| anguage pat hol ogi sts and reading and | earni ng
disability teachers involves assessing auditory abilities,
assuned by them to be pre-requisites to | anguage
acquisition or reading skills. The tests assess the-
auditory attention, auditory figure - ground, auditory
di scrim nation, auditory nmenory etc. (WIlleford and

Burl ei gh, 1985).

A second and very different approach to assess auditory
perceptual abilities is used by audiologists. This approach
evaluates the child's ability to respond under different
conditions of signal distortion and conpetition. The
principle of the approach assunes that a normal |istener can
tolerate mld distortions of speech and still understand it.
A listener wth an auditory processing deficit wi | |
encounter difficulties wth the distorted stinulus due to
added internal distortion (WIllieford and Burleigh, 1985).
Auditory tests used in accessing devel opnental integrity or

maturation of the auditory nervous system include Masking



Level Difference (M.D), (Hrsch, 1948), Staggered Spondaic
Wrds (SSW, (Katz, 1962), Consonant-Vowel Identification

Test, (Berlin, 1973) and nmany ot hers.

Dichotic tests have been devel oped using both verbal
(Dichotic CV Test by Berlin, 1973; Dichotic Digits Test, by
Kimura, 1981) and non-verbal. The Dichotic Consonant-Vowel
(CY) Test, has been reported to be an effective tool for the
assessnment of central auditory function and for differential
di agnosis of central auditory | esion. Results of testing
cortical lesion patients using CV syllables show decreased
performance, contralateral to the lesion (Berlin et al.
1973;, (O sen, 1983; Speaks, 1975). The test has also been
used extensively to investigate the lateralized |anguage
abilities localized in the left tenporal |obe and to assess
the devel opnent of central auditory processes (Hynd, Cohen

and Qbrzut, 1983, Gslen, 1983).

Dichotic CV tests have the added advantage of Dbeing
least influenced by nenory and linguistic factors (Keith,
Tawf i k, Katbanma, 1984). This is in contrast to the use of
staggered spondaic words which may have nenory factors
operating, simlar to the Dichotic D git recall task.

Simlarly, the Dichotic Sentence task suggested by WIIleford



(1978), seem to have obvious limtations in groups who
characteristically have difficulties wth menory for

sentences and rel ated | anguage processing probl ens.

Research with paediatric tests of central auditory
function accelerated in the 1980"s. Several tests have been
devel oped for children to help identify whether the auditory
system is functioning normally (Keith and Jerger, 1990) .
These tests provide information on whether there is a

neurologic basis for a |anguage |earning disorder as shown

by reserved cer ebral dom nance, depr essed overal |
per f or mnce, immature auditory receptive abilities or
failure of interhem spheric transfer of information. Mor e

commonly, central auditory testing in children is wused to
determine the functional auditory ability. They describe a
child's ability to process speech under various difficult

i stening conditions.

The present study ains at establishing normative data
using dichotically presented CV syllables on a group of
normal children. The CV syll abl es developed by Yathiraj
(1994) was utilized. The stimuli were presented at

sinmultaneity and different lag tines.



Pur pose of the study

The tests of central auditory dysfunction nust be
carefully interpreted according to normative data. The
Di chotic Consonant-Vowel (CV) Test, is one such test wused
for CAD evaluation. Norms for this test have been reported
by Berlin et al. (1973) and Bryden and Allard (1973) for the
Western population. No such study has been done using the
Di chotic Consonant vowel (V) syllables in the Indian
popul ation. Therefore, the present study has been taken up
to establish normative data in the Indian children. Thi s
will help in the diagnosis of children with auditory
perceptual problens, whose scores on the Dichotic CV Test

can be conpared with the norns avail abl e.

When stimuli in the Dichotic CV Test are presented to
the two ears at onset asynchronies of 30-90 ms, the |agging
signal of the pair is received nore accurately than the
stimulus presented first (Studdert-Kennedy, 1970). Because
of this lagging effect, the right ear advantage is overcone
when the lagging syllable is presented to the left ear
(Studdert - Kennedy, 1970). The present study also ains
verify if perception of CV's inprove with increase in |ag

time fromO0-90 msec, in the Indian children.



Auditory capacity, as neasured by the dichotic CV test,
has been found to increase systematically as a function of
age in normal children (Berlin et al. 1973; Mrable et al.
1978; and Rosen, et al. 1983). This reflects the maturation
of the central auditory processing nechanism The present
study, thus, focuses on any systematic increase in auditory
capacity in the two groups of normal children (8-12 years

and 13-17 years).

In a multilinguistic country like India, a test that
could be wused wth individuals from various |inguistic
backgrounds is required. As the dichotic CV test has the
| east influence of linguistic factors it can be used to test

children from varying |inguistic background.



REVI EW OF LI TERATURE

| ntroduction

Interference in the central auditory nervous system
(CANS), fromthe cochlear nuclei to the auditory cortex in
the tenporal |obe, including interhem spheric pathways may
result in central auditory dysfunctions. The interference
can result froma lesion directly or indirectly affecting

the CANS. Such lesions nay be space occupying, neoplasm

degenerative disease, infections, vascul ar di sorders,
congeni t al neurologic deficits or acquired neur ol ogi c
deficits such as that resulting from head trauna. Central

audi tory dysfunction can also result from mniml |esions of
t he CANS which cannot be detected Dby sophi sti cated

radi ol ogi ¢ and neurol ogi ¢ techni ques.

Central auditory testing has been enployed to (Silnan

and Silverman, 1994).

a) detect and localize the site of a central auditory
| esion,

b) to identify children with central auditory processing
disorders who denonstrate learning and conmunication
probl ens,

c) to quantify and describe the deficit of central auditory
processing in order to determne the nature of
remedi ati on,



d) to assess the benefits of educational and nedical,

including surgical remediation on central audi tory
function,
e) to determne ear dom nance and hem spheric

specialization for various types of auditory stinuli,

f) to examne the effects of mturation on centra
auditory processing.

Principles of central auditory testing

A mjority of speech nmeasures that assess CANS are
based on the principle of redundancy expressed by Bocca et
al. (1954). The acoustic properties of speech are redundant
since there is normally a broader range of frequencies,
greater anplitude, longer duration, better speech to noise
(SN ratio), syntactic, semantic and phonol ogical rules of
the language than is mnimally required for understanding
speech. Simlarly, followng the principle of physiologic
safety (Teatini, 1970), the intrinsic or neuroanatomc
pat hways are normally redundant based on nultiplicity of
neural pathways, centers and decussations and bilateral

representation of auditory system
There are two inportant principles that are helpfu
when considering central hearing tests (Jerger, 1960).

(i; Subt| ety principle
(ii) Bottle neck principle



The subtlety principle states that subtlety of the auditory
mani festation increases as the site of I|esion progresses
from peripheral to central. At the peripheral level the
presence of a lesion may be denonstrated with relatively
sinple tests such as pure-tone threshold neasures. At nore
central sites, the presence of a lesion can be denonstrated
only by neans of considerably nore subtle auditory tasks
such as sensitized speech tests where the redundancy of
speech is reduced by a nunber of neans including filtering,

interrupting, conpression of nmessage and so on

The Bottle Neck Principle states that a conpl ex
auditory stinmulus such as speech encounters a point of
neural congestion at the eighth nerve and brain stem \While
lesions at those sites markedly reduce the ability to
understand speech, lesions nore peripheral or central have
relatively less effect on speech discrimnation ability.

Table No. 1 : Diagnostic principles of intrinsic and
extrinsic redundancy, (Keith, 1982).

Extrinsic Intrinsic
Redundancy Redundancy Intelligibility
in message of subj ect
a) NORVAL NORMAL GooD
b) REDUCED NORVAL RATHER GOOD
c) REDUCED REDUCED POCR

10



The table No.1l shows that when extrinsic redundancy is
normal but intrinsic redundancy of the subject is reduced,
speech intelligibility is good. The inplication 1is that
non-di storted speech 1is unable to detect Ilesions of the
CANS. Therefore, sensitized speech tests are wuseful for

di agnostic testing.

Assessnent of Central Auditory Function

The «clinical focus of central auditory testing in
adults and children have taken very different approaches.
Wiile studies of adults proceeded from the identification of
central auditory lesions to functional auditory processing,
studies of children developed for the identification of
auditory perceptual disorders, with little docunentation of

the presence or |ocus of known central | esions.

This chapter will summarize the research on testing for
lesions of the central auditory pathways of adults and on
chil dren. The various tests that have been discussed are

listed and are descri bed thereafter.

11



CENTRAL AUDI TORY PROCESSI NG TESTS

(1) Non-Speech Tests

Pitch Pattern Sequence Test (PPST)

Duration Pattern Test (DPT)

Wchita Auditory Fusion Test (WAFT)
Psychoacoustic Pitch Discrimnation Test (PPDT)
Masking Level Difference (MD)

(I'l) Speech Tests

A. Monosyl | abic Procedures in Central Testing

a) Monaural CANS Tests

(i) Filtered Speech
(ii) Time Altered Speech
(iii) Speech in Noise (SIN

b) Dichotic Tests

Dichotic Digit Test (DDT)
Di chotic Consonant-Vowel (CV) Test
Di chotic Rhyme Test

c) O her Monosyllabic Tests for Children
B. Spondaic Word Tests in Central Testing

(i) Binaural Fusion (BF) Procedure
(ii) Staggered Spondaic Word (SSW

C. Sentence Procedures in Central Testing
(i) Synthetic Sentence ldentification (SSI)
(ii) Pediatric Speech InteIIi%|b|I|ty Test (PSI)

(iii) Conpeting Sentence Test (CST) .
(iv) Rapid Alternating Speech Perception (RASP)

12



Hearing Evaluation to CAD Testing

Assessnent of peripheral auditory function is essential
in t he Central Auditory Processing Di sor der ( CAPD)
evaluation. Pure tone - air and bone conduction threshol ds,
immttance testing should be carried out to rule out any

peri pheral hearing deficit.

There have been sone evidence to suggest that persons
wth CAPD have an abnormal audionetric contour. The
thresholds are often within defined normal limts of hearing
sensitivity, yet they display a rising audiogram Jerger et
al . (1988) conpared three groups of children thosew thauditory
brain lesions, wth known non-auditory brain |lesions and
those wth suspected CAPD Average thresholds were wthin
normal limts (better than 20 dB HL) bilaterally for all
groups. Children with confirmed auditory brain |esions and
suspected CAPD had thresholds significantly poorer in the
low frequencies relative to those in the non-auditory brain

| esi on group.

The connection between the peripheral and centra
auditory systens is not fully understood, nor is the role of
peri phery in auditory perception. Typically, persons are

referred for auditory assessnent because t hey have

13



difficulty in hearing or listening. As the conplaints of
those with CAPD are often simlarities to those wth
peri pheral hearing |oss, nmany speech and non-speech tests
have been adapted for the use in the evaluation of CAPD.
These tests include adult tests for site of lesion and have
adjusted nornms for children with suspected CAPD (Jerger et

al . 1988) .

A) NON- SPEECH PROCEDURES |IN TESTING CENTRAL AUDI TORY
DI SORDERS

The follow ng provides a review of the non-speech pure
tone based tests that have been used for a evaluation of the

central auditory mechani sm

For the non-verbal stinuli, the data are assunmed to be
encoded in the cochlea and transmtted through the VIII
nerve to the ipsilateral |lower brain stemwhere it continues
to the cerebral hem sphere <contralateral to the ear

initially receiving the data.

(i) Pitch Pattern Sequence Test (PPST)

This test was first reported by Pinheiro in 1977 to

assess pattern perception and tenporal sequencing skills.

14



The stimuli include low (880 Hz) and high (1,430 Hz) tones
of 500 ms. duration, with a 300 ms. interval between tones.
The tones are presented in groups of three with six possible
sequences nonotically. Thirty such stimuli are presented to
each ear at confortable listening level at about 50dB at 1
KHz threshol d. Three response nodes are wused - hunmed,
verbal or point. Patients with lesions in auditory cortex
in either hem sphere or patients wth inter hem spheric
dysfunction are detected. However, they do not |ocalize the

| esi on.

PPST in children
The <children's version of the test is simlar but the
duration of both the stinmulus and the interval are | onger,

(Pinheiro, 1977).

Normal listeners can respond well in all three npdes
(Musiek, et al. 1982). He reported that |earning disabled
children could hum the correct response but did poorly on

verbal and pointing tasks.

This test can be used with all ages, but there is a

wi de scatter in performance for children younger than age

15



seven (Pinheiro, 1978). He found a significant difference

bot h normal and dyslexic group using the PPST

(ii) Duration pattern Test (DPT)

This test was reported by Baran and co-authors in 1987.

The design of this test was simlar to the PPST except that

it wused short (250 nms) and long (500 ns) stinmuli. The
subj ects were required to give verbal and poi nting
responses. A 70% correct score was suggested as nornal

performance cut off score. Patients with lesions in the
auditory <cortex in either hem spheres or inter hem spheric

| esi ons showed poor scores.

In 1990, Misiek et al. reported a study evaluating
| earning disabled college students on several central
auditory processing neasures and found that "Duration
Pattern Test (DPT)' to be one of the nbst sensitive test for

this age group.

In 1991, Jerger et al. used the DPT as one of the nany
central auditory processing neasures to evaluate an eighteen
year old college student with suspected CAPD. Although the

student scored within nornmal |limts on all other tests, she

16



had an abnormally |ow score on the short-1long-short sequence

in the left ear.

Ther ef or e, careful exam nation of each pattern nmay
provide useful information regarding the processing skills

of an i ndividual .

(iii) Wchita Auditory Fusion Test (WAFT)

McCrosky (1984) devised this test to evaluate tenporal
functioning. The test uses pairs of tonal stinuli that are
gradually separated in tinme by mlli seconds intervals,
called interpulse intervals. The response required was to
report if one or two tones were heard. A screening version
and an expanded version of the test has been devel oped.
Auditory fusion threshold is calculated for each ear at each

frequency.

There 1is an age effect but no frequency effect. The

younger subjects require longer tine to hear the two tones.

(iv) Psychoacoustic Pitch Discrimnation Test (PPDT)

This is a recently developed test that overcones sone

of the problens of using speech material. it was devel oped

17



by Blaettner et al. (1989). This test was developed to

provide a neasure that -

a) was not confounded by perceptual deficits inherent in the
use of speech materials.

b) would detect unilateral telencephalic hearing disorders

c) would be relatively in sensitive to peripheral hearing
| oss

The procedure uses noise burst to assess discrimnation
changes in intensity and click trains to test discrimnation
of changes in tenporal structure. The mgjor finding was
that the nost promnent abnormality consisted of (greater
m ssed di scrim nation in the ear opposite to t he
t el encephalic | esi on. Pati ent group not havi ng
tel encephalic auditory structure |esions perfornmed the sane
as normals. An interesting observation of this study was
the relation between performance on the PPDT and the
particular vascular involvenment. Clear differences were
obtai ned depending on the branch of the <cerebral artery

i nvol ved.

Bl aettner et al. (1989) showed the auditory evoked
potentials (AEPs) revealed abnormal mddle and/or Ilate
potentials in all cases with abnormal PPDT wthout the

reverse being true.

18



(v) Masking Level Difference (M.D)

The MD test has been useful as a <clinical tool to
assess |lower brain stem function (Hrsh, 1948; WIlleford
(1977). It evaluates the ability of the auditory system to

process subtle interaural time and anplitude difference.

The stinulus nost often used is a 500 Hz pure tone.
The masker is a narrow band noise centered around 500 Hz.
Wen the noise is presented to one ear and the tone to the
other the listener finds the tone clearly audible. However,
when the sane tone is added with the noise in the second
ear, the tone becones inaudible in either ear. If the
polarity of the tone to one ear is reversed, the tone again
becones <clearly audible. The stimulus and the nmasker are
thus presented binaurally for two conditions - in the first
condition, the stinulus and the masker are both in phase
between the earphones. In the second condition, t he

stimulus is out of phase and the noise in phase.

A nunber of listening conditions have been wused to
investigate M_.Ds. The paraneters that have been nmani pul at ed
have included variations of interaural phase, interaura

tinme delay, interaural intensity ratio, interaural noise co-

19



rel ati on and conbi nati ons of nonaural and binaural |istening

(Schoeny and Tal bott, 1994).

Specifically, the MD is the difference in decibels
between the signal level in the reference and out of phase
conditions. It has been seen as a stable aspect of auditory
behaviour and can be reliably nmeasured in the clinic
(Schoeny, 1968). The M.Ds are greater at |ower frequencies,
particularly in the region of 200-500 Hz. The size of M.Ds
increase with the level of masking up to an effective
maski ng | evel of about 40-50 dB. The MD is greatest in the
antiphasic listening condition followed by S M (signal is
presented in phase at one ear relative to the other and the
masker is reversed in phase one ear relative to the other).
At internediate values of phase shift from 180 to O, the
function shows a gradual decrease in the size. The effect
of tinme delay on MD is essentially the sane as that for

phase shift (Schoeny and Tatboli, 1994).

Studies by a nunber of investigators |ike Sahoeny and
Carhart in 1971 have shown that certain peripheral hearing
| osses can have a profound effect on the size of the M.D.

Conductive hearing loss can reduce M.D effect.

20



Quaranta, Cassano and Cervellara (1978) studied the
tonal MD in different groups of patients suffering from
either hearing loss or from central nervous system disorders
with normal hearing. They concluded that tonal M.D may be
used as a test for the diagnosis of CAD only in the presence
of nor mal peri pher al heari ng. In subj ects with
sensorineural hearing loss the MLD loses its diagnostic

meani ng.

M.D's in the Assessnent of Central Auditory Function

Brain stem |lesions have been shown to reduce or
elimnate the M.D (d sen and Noffsinger, 1976) . Cortica
lesions on the other hand rarely affect M.Ds (Cullen and

Thonmpson, 1976).

O sen and Noffsinger (1976) found that high frequency
and noi se induced hearing |oss does not affect MLD for 500
Hz Scores were decreased for Meniere' s di sease group. The
group of patients having CNS disorders attributed to
mul ti ple sclerosis, inflammatory lesions of brain stem
cerebro wvascular accidents had normal hearing according to
conventional pure tone and speech testing, but attained

smaller than normal M.D for 500 Hz. Ther ef or e, M.D tests

21



have uni que value in the detection of subtle |lesions of the

central auditory nervous system

M.D in Children

MLD can be easily and quickly adm nistered to children
and Sweetow and Redell (1978) felt that it holds promse

when used as a part of a test battery.

Hall and Gose (1990) found that M.D for children bel ow
5-6 years of age was snmaller than that found in adults.
This was attributed not only to peripheral factors alone but
was attributed to devel opnental differences probably rel ated

to central auditory processing.

M_.Ds have also been used in assessing children wth
learning disability. Sweetow and Reddell (1978) found
reduced M.D in children suspected to have auditory

per ceptual probl ens.

Therefore, MD w th behavioural assessnment will| provide

the clinician with a powerful approach to assess auditory

functi on.

22



Concl uding, the tonal tests or non-speech tests can be
an inportant addition to a central auditory test Dbattery.
Overall, the tests show inproved performance wth increasing
age. There appears to be no ear effect for normal subjects
on these tests. Considerable variability is generally found
at each age level but severely depressed scores can be
consi dered abnormal and ear asynmmetries can provide useful

information (Stecker, 1992) .

B) SPEECH TESTS
(1) MONOSYLLABI C PROCEDURES | N CENTRAL TESTI NG

Monosyl | abl es are conmmonly used for CANS testing since
nmonosyl | ables represent the linguistic unit wiwth the | east
extrinsic redundancy, distorting the stimulus by filtering,
time conpression or introducing background voice can easily
af fect pati ent performnce. For di chotic tests,
nmonosyl | abl es are frequently chosen because of the relative
ease of obtaining precise tenporal alignnment of the stinuli
presented to each ear. As a result, a dichotic CANS test
usi ng nonosyllables, presents a nore difficult task than
when bisyllable or sentences are enployed for dichotic

testing.

23



a) MONAURAL CANS TESTS
(i) Filtered Speech

The natural intelligibility of speech is degraded by
limting its frequency content. Such stinmuli are perceived

wth difficulty by listeners with tenporal |obe |esions.

As early as 1954, Bocca et al. developed a |ow pass
filtered speech test to reduce the redundancy of the
mat eri al . Wil e various |ow pass filtered conditions have
been used the low pass filtered speech test by WIlleford's
(1976) a cut off frequency of 500 Hz and a rejection rate of
approximately 18 dB/ Cctave has been used nost often for
di agnostic purposes, sone authors such as Lynn and G Iroy
(1972) use a fixed sensation |evel of presentation. They
presented the signal at 60 dB SL. However, others appear
to prefer to run a performance intensity function using the

filtered speech.

Filtered Speech Test in Children

Fancer and Keith (1984) observed that cut off frequency

altered children's recognition of low pass filtered speech.

They denonstrated that the use of either 750 or 1000 Hz cut

off was nore effective in discrimnation between groups of

24



normal s and | earning disabled than a 500 Hz or 1000 Hz cut

of f frequency.

Lynn and Glroy (1977) reported a 74% sensitivity
rating for the low pass filtered speech test (NUJ6 word

lists) for detecting tenporal |obe |esions.

Wlleford (1978) studied children from age five through
ten years and adults. The nost notable feature of the data
was an observabl e age progression, which suggests that task
per f or mance I mproves with maturation of the centra
auditory nervous system It was also noted that performnce
was conparable in left and right ears and that a fairly w de
range  of scores were obtained at all age | evel s,

particularly for younger children.

Farrer and Keith (1981) observed that there was little
overlap between the group of normal children and the group
of auditory-learning disabled children on the |ow pass
filtered PB-Kindergarten word test when the out of frequency
was 1000 Hz; clear separation between the groups was not

obtained at cut off frequencies of 500 or 750 hz.

Willeford and Billger (1978) reported that only 57% of
their 150 Ilearning disabled children obtained abnornal

filtered speech test scores.
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Ferre and W/lber (1986) reported t hat abnor nmal
performance on the Ilowpass filtered NU-CH PS test was
obtained in approximately 92% of the 13 |learning disabled
children Wi th presuned auditory i mpai r ment and
approxi mately 24% of the 13 learning disabled children wth

presunmed normal auditory skills.

Thus, it is evident that studies on filter speech show
varying sensitivity to identifying auditory processi ng
pr obl ens in children with Jlearning disabilities. A

difference in the methodol ogy could account for sone of this

variability. Each study tends to use a different cut-off
frequency and different test material. The difference in
finding could also be an indication that t here s

considerable variability in the auditory perception of

| earning disabled children.

Therefore, the essential finding in filtered speech
tests is that the speech intelligibility score is reduced in
the ear contralateral to a tenporal |obe |esion. The
difference between ears should be greater than 20% to be

significant (Calearo and Antonelli, 1963).
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(ii) Time Altered Speech

Anot her way to reduce the redundancy of a speech signal
is to alter the tenporal characteristics of the signal.
Speech can be tenporally altered in a variety of ways. The
speaker can sinply talk fast, or recorded material can be
played at a high speed. These are <called 'accelerated
speech?. Bocca (1958), and Cal earo and Lazzaroni (1957)
were the first to wuse recorded accelerated speech to
evaluate patients wth lesions of the auditory cortex.
Currently, electronic tinme conpression is used to reduce the
duration of a speech signal without altering the frequency
characteristics. Time reduction is usually described in
ternms of the percentage of tenporal reduction, i.e. 30% of
conpressed speech refers to speech in which 30% of the

signal has been renoved in small units.

Beasl ey et al. (1972) found the recognition of
nmonosyl | abl es decreased gradually from normal |isteners as
tinme conpression increased from 30% - 60% and t hat

recognition was drastically reduced.

Time conpressed speech has also been used to assess
patients wth cortical |lesions. Kurdziel et al. (1976)

reported reduced performance for the contralateral ears of
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patients wth diffuse tenporal |obe |esions. However,
patients with discrete |lesions showed nornal over al

performance bilaterally.

Tine Altered Speech in Children

Test of tinme conpressed speech show nuch | ess
conclusive results wth children. They could possibly

refl ect methodol ogi cal differences.

Freeman and Beasl ey (1976) presented a time conpressed
variation of WPI test, in both closed and open set response
format, to children with and without reading difficulties.
The children with reading difficulties perforned |less well

than the control group on at |east one test condition.

Manni ng, Johnston and Beasley (1977) observed that
chidren suspected of having central processing dysfunction
performed simlarly as normal children on a time conpressed
speech test at a 30% conpression ratio. However, the scores
in the former group was poorer than normal at O and 60%

conpression ratio.

28



Wlleford (1978) , studied a group of <children wth
central auditory dysfunction using the conpressed WPI tests
and WIlleford Battery. He observed no apparent pattern to
the test on which the failure occurs. They thus stted that
children wth central auditory dysfunction form a diverse
group of individuals who can only be evaluated properly by a

conprehensi ve series of tasks.

Wat son and Rastatter (1985), using 50%tine conpression
rate on learning disabled children, with normal intelligence
found that they exhibited auditory processing capacity

equi valent to a younger age group.

In conclusion, it has been found that central auditory
| esi ons are best identified at 60% tine conpr essi on
(Kurdziel, Noffsinger and O sen,1976). Kurdziel and co-
wor kers (1976) found that in some brain |esions, tinme
conpressed speech discrimnation scores were poorer in the
ear contralateral to the lesion, whereas in other cases
scores remained normal in both ears. Children studies

however, showed |ess concl usive results.
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(iii) Speech-in-Noise

One of the nost comon conplaints of individuals wth
CAPD is the inability to process speech in a background of
noi se. The ability to process speech in a background of

noise is tested in a variety of ways.

Baran and Musiek (1990) reported that the npost commobn
speech in noise tests use nonosyl | ables presented at 40 dB
SL with a background of white or speech noise at a 0 to +10

signal to noise ratio.

There is no one way of conducting speech-in-noise test
and several variables such as speech stinuli, noise, SN
rati o and presentation types need to be standardi zed before
usi ng the test clinically. There are however, sone
commercially available speech-in-noise tests - "Test of
auditory discrimnation by Goldman, Fristoe and Wodcock

(1974).

Abnormal scores on speech in noise tests was found to
be associated with VIII cranial nerve lesion (Dayal et al.
1966; O sen, et al. 1975) extra-axial (Dayal et al. 1966)

and intra axial brain stem l|esions (Mrales-Gsccia and
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Pool e, 1972; Noffsinger, 1972) tenporal |obe |esions (dsen
et al. 1975) as well as in split brain patients (Misiek et
al. 1979) patients wth nmultiple sclerosis (Fower and
Nof f singer, 1984) and learning disability (Chernmak et al.
1989) .

Difference scores for each group was calculated by
conparing scores obtained in quiet with scores obtained in
noi se. A difference of 40% or nore between the two

condi tions was considered significant (dsen et al. 1975).

Chermak et al . (1989) in their study wused eight
| earning di sabl ed and eight control adults. NU-6 word |ist
was presented along with speech spectrum noise and three
different linguistic maskers. Ganmatic linguistic strings,
semanti ¢ ananol ous strings and agrammatic strings. These
maskers were chosen to evaluate the strength of t he
linguistic context of the noise A +12.5 dB SN ratio was
used. The results showed that the |earning disabled group
perfornmed significantly poorer on all neasures when conpared
to the control group. Both groups scored worst with speech

noi se masker.
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Speech-in-Noise in Children

Conflicting reports concerning clinical application of
speech in noise testing has led to poor understanding of

normal performance.

Cohen (1980) in a study reported that nine year old
children with PBK - in noise score (SN =0 dB) at or near
60% have auditory perceptual deficits. In contrast, Rupp
(1983) reported that the nean PBK - in noise score (SN= 0
dB) for normal nine year old children was 39% Ther ef ore,
Bess (1983) noted that the reliability of speech 1in noise
testing is a concern. D fference in scores between the ears
was al so noted. These could be attributed to t est

variability.

In summary, the above nentioned sensitized speech tests
do not show a dom nance effect in adults. Also nornma
i ndividuals have equivalent scores for both ears. Wen a
lesion of the auditory cortex is present, sensitized speech
tests yield mld to noderately reduced intelligibility
scores in the ear contralateral to the lesion. Brain stem
lesions affect the sensitized speech scores to a greater

extent than cortical | esions.
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b) Dichotic Tests

The term dichotic refers to the sinultaneous conpeting
presentation of two different speech signals to opposite
ears. Subj ects are asked to repeat back what is heard in

one or both ears.

Generally, when speech is presented dichotically to
normal |isteners, higher scores are obtained in the right
than in the left. This has been referred to as right ear
advantage and 1is believed to reflect the Ileft hem sphere
dom nance for speech and |anguage (Studdert-Kennedy and

Shankwei | er, 1970)

Speaks (1975) proposed a nodel to account for the
contralateral and ipsilateral ear effects. The nodel s
based on the premise that the contral ateral pathways are

nore numerous or stronger than the ipsilateral pathways.

Duri ng nmonotic |istening, either contral ateral and/ or
i psilateral pathways enable recognition of the stinuli. The
nodel assunes that during di choti c i stening, t he
i psilateral pat hways are suppr essed Y] only t he

contral ateral pathways contribute to recognition.
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y | Key:

| , L-Left tenporal |obe
NN = auditory areas.
N R-Ri ght tenporal | obe
associ ati on areas

(L) - Left ear

; ol (R - Right ear
- d _ A - Association
{Ljr~v“ —] (R primary
Fig:l - Ipsilateral and decussating auditory pathways to the
tenmporal |obe and across the corpus cal | osum
(Speaks, 1975).
Fig.l shows the nechanism underlying the ear effect

obtained in a normal hearing, non-brain damaged person for a
di chotic speech test. The left ear is routed cotralaterally
to the right tenporal |obe where acoustic analysis and
possi bly pre-linguistic analysis of the speech si gha
occurs. The signal is then routed fromthe right (R to
left (L) hem sphere for further |inguistic analysis As the
signal is routed between hem sphere it undergoes slight

degradation, so the left scores are slightly reduced.

Ef ron (1985) contended that the use of the hem spheric
speci alization nodel to account for the dichotic speech test
results is weakened by the fact that although nearly al
ri ght handed people are left hem sphere dom nant, only about
50% of normal subjects actually show right ear advantage on

di chotic speech tests. Efron (1985) also commented that the
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hem spheric specialization nodel is further weakened by the
fact that ear effects can be elicited with non-speech as
wel | as speech stinmuli. Sonme of the ear effects may result
from efferent pathways from the <cortex to subcortical
structures rather than from degradation of the signal during
i nterhem spheric transmssion from the non-dom nant to the
dom nant hem sphere, but this needs to be clarified by

further research (Efron, 1985).

DI CHOTI C SPEECH TESTS

Kimura (1961) is credited with the introduction of
dichotic speech tests into the field of central auditory
assessnment. Since then, several variations of the dichotic
digit test, as well as several other dichotic speech tests,
have been introduced. These tests have been shown to be
particul arly sensitive to cortical pat hol ogy, t hough
abnormal results also have been reported for subjects wth

brain stem i nvol venent.

(i) DICHOTIC DIG T TEST (DDT)

Kimura (1961) was the first one to use dichotic digits

to study subjects with brain damage. She used three digits
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presented to each ear of the subject sinultaneously. After
the six digits were presented, the subject was asked to

report all the nunbers heard in any order.

Musi ek (1983) reported that the dichotic digits test is
hi ghly sensitive for detecting both brain stem and
hem spheric pat hol ogy. In a study of nine subjects wth
brain pat hol ogy and twelve subjects wth hem spheri c

| esi ons, Musi ek (1983) reported that eighteen showed

abnormal results at least in one ear. Due to the tests
apparent sensitivity, as well as the fact that it is
relatively wunaffected by peripheral hearing |oss, t he

dichotic digits test has been reconmended by Musiek and his
coll eagues as a quick and easy screening test for ~centra

audi tory nervous system (CNS) dysfunction.

Shivshankar and Harlekar (1991), adm nistered t he
Di chotic digits test to six subjects wth confirnmed
intracranial |esions. Three had hem spheric |esions, one
had subcortical and the remaining had brain stem |esions.
The results indicated significantly abnormal performnce of
these subjects on the task. The test thus, seens to have
clinical valve in detecting brain stem or corti cal
dysfunction but does not appear to differentiate t he

anatom cal sites.
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DDT In Children

Ling in 1971 studied ear asymetry for dichotic digits
in an attenpt to estimate speech laterality in nineteen
children wth Jlearning disability and nineteen nor nal
heari ng chi |l dren. The nor mal heari ng group was
significantly superior to the hearing-inpaired in the recal
of both monaural and dichotic digits. No ear advantage was
observed for either group on the nonaural test. Right ear
dichotic scores were significantly superior for the nornal
hearing group but intersubject variability resulted in a
non-significant right wear trend for the hearing-inpaired
group, wth individuals showi ng marked right or left ear
advant age. It was concluded that speech lateralization
could not safely be inferred fromdichotic digit scores of

hearing-inpaired children.

Pettit and Hel ns (1979) explored | anguage dom nance by
adm nistering the Dichotic Dgit Test to ten [|anguage
di sordered, ten articulatory disordered and ten nornal
children. A significant right ear preference was found for
the <control and articulatory disordered groups, but no
significant ear preference was found for the |anguage

di sordered group.

37



Musi ek  (1983) developed a nodified version of this
dichotic digits test, here, tw instead of three pairs of
digits were delivered to the two ears sinultaneously. Forty
such pairs were delivered. The presentation |evel was 50 dB
SL relative to the SRT. Muisiek (1983) reported that the
dichotic digits test was highly sensitive for detecting both
brain stem and hem spheric pathology. Subjects with nornmal
heari ng typically score above 90% and subjects W th
peri pheral hearing |oss 80% and above. Scores below 80%

suggested that further CANS testing was i ndicated.

Morton and Siegel in 1991 studied twenty reading
conprehensi on disabled (CD) and twenty readi ng conprehensi on
and word recognition Disabled (CARD). These subjects were
matched wth twenty normal achieving age matched controls.
When tested on dichotic listening tasks using digits, both
reading disabled groups showed lower left ear scores in

digits when conpared to the nornals.

(i1) D chotic Consonant-Vowel (CV) Test

The dichotic consonant-vowel (CV) test was devel oped by

Berlin (1972). It is considered a nore difficult task as

conpared to the dichotic digit test (Nccumet al. 1981).
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Dichotically presented CV/s have an apparent advantage over
digits, in that, alignment of acoustic energy is relatively
sinple because of the high degree of simlarity anong the
syl | abl es. This allows a nore sinmultaneous presentation
than is possible for digits, reduces |inguistic value of the
CV task and naxi m zes the acoustic and phonetic conpetition
(Berlin and McNeil, 1976). The dichotic CV task also relies
less heavily on short termnmenory than the digit test in
which as many as six digits nmust be renenbered. It is
likely that these two dichotic tests neasure slightly

di fferent perceptual processes (Mieller and Bright, 1994).

The material consists of six stop consonant-vowel
syllables (pa, ta, ka, ba, da, ga). They may be presented
simultaneously to both ears such that the onset of the
vowels to one ear lags behind the onset of the consonant-

vowel s to the other ear by 0, 15, 30, 60 or 90 ns.

Berlin et al. (1973) and O sen (1983) have reported
that normal subjects show an, inpairnment in scores with |ag
time of 30 to 90 msec, when conpared to the scores obtained
for sinultaneous presentation. Simlar inprovenments in
scores have not been seen in patients wth t enpor al

| obect om es.
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Osen (1983) , admnistered the dichotic CV test on

patients wth anterior portion of either the left or right

tenporal |obe renoved. He reported a wde range of
performance for normal listeners and over 40% of the
tenporal |obe patients obtained scores that fell wthin
normal limts.

Dichotic CV test in Children

Audi tory capacity on dichotic CV test has been found to
increase systematically as a function of are in normal
children in a study by Berlin et al. (1973) . Rosen et al.
(1983) studied thirty two normal children with nean age 6.6
years (5-8 years) once each year for 4 years. They used
di chotic CvV syllables at different tenporal of f sets.
Resul ts showed no significant change in ear laterality over
the 4 years. However, there was a significant age related
increase in auditory capacity. None of the subject groups
showed a significant lag effect. Wth respect to right ear
advant age, Bryden (1970) and Thonpson (1976) suggested that
children with learning disability have dimnished or non-
exi stent right ear advantage. However, Tobey et al. (1979)
found significant right ear advantage for tw groups of

|earning disabled children with severe auditory perceptual
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probl ens. Audi tory capacity studied by Dernody (1976) and
Tobey et al. (1979) has shown that this measure is
significantly reduced in LD subjects. This difference could
be attributed to procedural variations and also the analysis

of the data.

Dernody (1976) studied LD children on the dichotic CV

t est. He concluded that the LD children perform Iess
efficiently on the dichotic task than do normals. On the
single response the performance of the LD group is

gquantitatively and qualitatively simlar to the performance
of the normals. He also reported a difference in terns of

voi ced - voice less distinction between the two groups.

Hynd, Cohen and Gbrzut (1983), suggest ed t hat
| ateralized |anguage capabilities exist in normal children
from age 6-12. Significantly it seenms as though these
| ateralized |anguage asymmetries do not develop after age

Si X.

Der nody, Macki e and Katsch (1983) studied the dichotic
listening performance wusing CV pairs in a group of 30
children, 15 good readers and 15 poor readers. The results

indicate simlar laterality and phonetic processing effects
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in both good and poor readers. There was however a
significant difference in their ability to identify both
items on a dichotic trial correctly. However, when the sane
stimuli were presented nonotically, there was no difference

in the performance of the two groups.

Morton and Siegel (1991) studied reading conprehension
di sabled (CD), reading and word recognition disabled (OARD)
mat ched w th normal achieving age controls. They concluded
that on the consonant-vowel test, the CD group showed a high
left ear report but only when there was no primng
precursors such as direction to attend to right first. The
children in the study did show an attentional primng effect
on the consonant-vowels. The right ear response was | ower
for subjects directed to report what was heard at the left
ear first . Presumably, this was due to the difficulty in
shifting to the right ear in those directed to the left

fist.

Therefore, concluding, when a tenporal |obe lesion is
present, there is a severe loss of dichotic Speech
information in the ear contralateral to the |lesion. The

nor mal advantage of |agging nessage is also |ost.
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(ii1) Dichotic Rhyne Test

The dichotic rhynme task was introduced by Wexler and
Hal mes (1983) and identified by Musiek et al. (1989). it is
conmposed of rhym ng pairs of consonant - vowel - consonant
(CVCO) words that begin with one of the stop consonants (p,
t, k, b, d, g). Each pair of words differ by the initial

consonant (e.g. bill-pill, ten-pen etc.).

Musi ek et al. (1989) have collected normative data for
the dichotic rhynme test as well as prelimnary data for
split brain patients. They found the left ear scores in the
split brain patients were significantly lower than nornals

and the right ear scores were enhanced.

Dichotic rhynme test may be uniquely suited to assess
split brain patients or hem spherectony patients because of
the relatively low scores obtained by normals on this test

(near 50% .

OTHER MONGOSYLLABI C TEST FOR CHI LDREN

(i) SCREENING TEST FOR AUDI TORY PROCESSING DI SORDERS
( SCANS) :

SCANS, was devel oped by Keith in 1986, is a screening

test of central auditory nervous system dysfunction for
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children aged 3-11 vyears. The purpose of SCANS was to
provide prelimnary information about a child's maturation
and auditory processing abilities, to identify children at
risk for auditory processing problems and to identify
children who mght benefit from intervention to inprove

auditory learning abilities.

SCANS is a taped test that consists of 3 subtests - (a)
low pass filtered words, (b) auditory figure - ground, (c)
conpeting words. Both filtered word and figure ground
subtests were included to identify problens that m ght occur
due to poor listening environnents. The conpeting words
subtests was included to provide information about the

maturation of a child' s auditory system

In a study conparing SCANS to several other CANS and
| anguage tests, results fromthe conpeting words subtests of
the SCANS co-related highly with the Staggered spondaic Wrd
(SSW and the conpeting sentences subtests (Keith, 1989).

C) SPONDAI C WORD TESTS I N CENTRAL TESTI NG

Some audiol ogical tests of the central function make

use of spondaic words. Two well known tests are the -
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(i) Binaural Fusion (BF) procedure
(ii) Staggered Spondaic Wrd (SSW
Spondees are two syllable words of equal stress on each
syllable (e.g. base ball, cowboy). Spondees rise rapidly in
intelligibility with small increase in intensity, therefore
they are ideal for the neasurenent of speech threshol ds.
Beyond 10 dB SL the percent of words that are correctly

identified remains fairly constant.

(i) Binaural Fusion Test- (BF) Test

The BF test was devel oped by Matzker (1959). The
listener was required to conbine the high frequency band
portion of the nessage that was presented to one ear wth
the Ilow frequency band portion that was directed to the
other ear. Matzker indicated that the BF test evaluated the

brain stem fusi on nmechani sm

M| tenberger et al. (1978) concluded fromtheir study
that the BF test could be admnistered on persons wth
sensori-neural hearing loss as long as the audionetric

results were consi dered.
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Researchers such as Matzker (1959), Liden (1969) and
others in their study with adults showed that the test to be

sensitive to CNS | esions.

BF test in children

lvey (1969), as a part of the Wlleford Battery for
Chil dren, presented spondee words such that a |low frequency
band wi dt h segnent (500-700 Hz) was presented to one ear and
si mul t aneously a high frequency band segnment (1900-2100 Hz)
of the same word to the opposite ear. Inability to
resynt hesi ze was indicative of upper brain stem dysfunction,

performance between ears should be equal by nine years.

Nal sh et al. (1980) was the first to apply BF test to
children having difficulty in school. He found that 79% of
the LD children failed the BF test in one or both ears.
lvey (1986) found that 49% of the children failed the BF in
one or both ears. Poor scores may be due to a failure of
the binaural mechanism of the brain stem or to t he
difficulty discrimnating words having reduced redundancy
which may be due to a left hem sphere deficit (Denpsey,
1977) .
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(ii) The Staggered Spondaic Word Test (SSW

Staggered Spondaic Word Test (SSW was devel oped and
standardi zed by Katz (1962, 1963, 1968) and descri bed
further by Arnst (1982). It has been used for |I|ocalizing
the site of dysfunction in cases with suspected brain or

brain stemlesion (Katz (1962) .

The SSW is a dichotic Ilistening test of <central
auditory function. It uses as an acoustic sti mul us,
famliar spondee words that are partially overlapped to
provi de both non-conpeting and conpeting words to each ear.
The first spondee is presented to one ear while the second
spondee is presented to the second ear with sufficient delay
to overlap conpeting portions of the words. In this way
i ndi vidual scores are obtained for the four conditions
right ear conpeting (RL), right non-conpeting (RNC), Ileft
conpeting (LO and (L) non-conpeting (LNC). Two quantitative
measures are obtained : the raw SSW score and the corrected
SSW score. The raw score is the percentage error for any
one of the four test conditions (RNC, RC, LC, RNC). The
corrected SSW (GSSW is obtained by subtracting t he
percentage error that a subject obtains on a standard speech
di scrim nation test from the respective R SSW score.

Additional information is obtained fromthe SSW response
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bi ases. These are order effect, ear effect, reversals and

they signify idiosyncracies in the manner of response.

The features that make SSW test especially wuseful,
i ncl udes -
(a) its resistance to the influence of peripheral hearing

distortion (Katz, 1968; Cafarelli, et al. 1977, Arnst,
1980),

(b) its sinplicity which makes it applicable to a wde
variety of age (Brunt, 1965; Ammerman and Parnell
1980) and disordered popul ation,

(c) coherent normative data to evaluate individuals from 5-
70 years of age,

(d) evidence of strong reliability and validity (Katz and
Arndt, 1982 and others).

SSW In Children

Myrick (1965) assessed the performance of normally
functioning children aged 7-11 years and an adult contro
group on the SSW test. It was found that the errors
decreased wth increasing age. In addition she found that
the scores approximted adult scores by 11 years of age.
The data also showed superiority of right ear performnce
over left ear performance from age 7-11 years t he

di screpancy decreasing with increasing age.
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St ubbl efi el d and Young (1975) conpared t he SSW
performance of normally achieving wth children having
learning difficulties. They found significant difference in

per f ormance between the groups.

Johnson et al. (1981) found that the nunber of errors
decreased wth age for both normals and |earning disabled

chi |l dren.

In conclusion, the SSWtest has been predom nantly used
with adults in the investigation of cortical lesions (Katz,
1962; Katz et al. 1963). The test is also being used
frequently wth children. In general, children show a
superior performance to the stinmuli presented to the right
ear. Katz also describes a maturation effect. Children
i nprove at the task between six and el even years, and the

test variability reduce with increasing subject age.
D)  SENTENCE PROCEDURES | N CENTRAL TESTI NG
Sentence type materials have been used clinically for
t he purpose of identifying site of lesion in adult patients

who have sustained damage to the brain. Sentence tests have

also been wused to confirmthe presence and determ ne the
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nature of central auditory processing difficulties primarily

i nvol ving children.

(i) Synthetic Sentence ldentification Test (SSl)

Sentences were systematically altered fromthe standard
rules of grammar and syntax and were developed into a test
to serve as an adjunct to standard speech audi onetry (Speaks
and Jerger, 1965) . The rationale for using this technique
was to benefit fromthe sentence structure, a rapidy
changing acoustic pattern wth tine. Both the Ilimted
meani ngful ness of the sentences and the use of a closed
nmessage set response node reduced the dependence on
linguistic and nmenory skills. Thus, in this procedure, one
would need only identify which of the ten sentences was
present (Speaks, et al. 1968). \Wen the sentences and the
conpetition were directed to opposite ears it was referred
to as contralateral conpeting nessage (CCM and when both
the sentences and the conpetition were presented to the sane

ear, it was terned ipsilateral conpeting nessage (ICM.

Jerger and Jerger (1974) used SSI test wth patients
with intra-axial brain-stem|esion cases. In contrast to
the poor performance on the ICMprocedure, on the COM the

brain stempatients had relatively little difficulty.
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Jerger and Jerger (1975) showed that in tenporal |[obe
| esi ons, subjects failed in both the I1CM and com

condi ti ons.

In general, brain stem cases have relatively nore
difficulty on the ICMtask than on the CCM whereas the

opposite is true for the tenporal | obe.

Normal performance on SSI-CCM was found to be 100%
For SSI-1ICM the scores ranged from 100% to about 20% wth

i ncreasing conpetition (Jerger, 1975).

SSI in Children

Jerger, Speaks and Trammel (1968), gave the SSI as a
part of the WIlleford Battery for Chi | dren. Her e,
linguistically constructed non-sense sentences interspersed
periodically as the primary nmessage and a continuous speech
di scourse (Barry Crockett Story) as the conpeting nessage.
The stimuli were presented at 0, -10 and -20 dB nessage to
conpetition ratios. Wen presented contralaterally, It
assessed cortical function, I psil ateral presentation

assessed brain stem function scoring was based on the
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average of three nmessage to conpetition ratios. Performance

bet ween the ears was equalled by ten years.

SSI appears to be sensitive to mturation effect
(Ochik and Bergess, 1977). Deckes and Nel son (1981) tested
six groups of six subjects each (8-25 years) with the SSI-
| CM Test scores inproved in successive age gr oups.
Therefore t hey recommended that normative dat a he

established in make SSI-1CM a useful test for children.

The limtation of the SSI is that it the SSI nmakes use
of a visual as well as auditory tasks. This nmight penalize
adults who have reading inpairnents, or those who have
vi sual  handi caps. Its wuse would also be precluded for

younger children with under-devel oped readi ng skills.

To renediate these problens a nunber of nodifications
to the SSI have been proposed by a nunber of researchers.
Speaks (1975) suggested that the subject repeat t he
sti mul us. This makes scoring nuch nore difficult. Martin
and Mussel | (1979) observed that the Davy Crockett story
that serves as conpetition for the synthetic sentences
contai n pauses which enables sentence identification because

of unopposed word (s). They used a speech noise to fill the
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pauses. Blattie and Cark (1982) replaced the Davy Crockett

story with four tal ker babble.

ii) Paediatric Speech Intelligibility Test for Children

PSI was devel oped by Jerger and Jer ger (1984)
specifically for children is a nodification of SSI. The PSI
consi sts of nonosyllabic word and sentence mat eri al s
conposed by normal children between three and six years ol d.
Testing 1is carried out by presenting a sentence or word
target and requiring the child to point to the picture
corresponding to the sentence or word that was heard. The
basic procedure of PSI test are perfornmance intensity
functions and nessage to conmpetition ratio (MR

functi on.

Jerger (1987), Jerger and Zeller (1989) and Jerger et
al . (1988), on studying ten children with lesions in areas
of the brain anatomcally renote from auditory nuclei and
pat hways indicated that the MCR conponent of the PSI test
accurately distinguished between children wth central
audi tory versus non-auditory central nervous system | esions.
Al'l  children with CNS lesions in the areas of the brain,

important for auditory perceptual function (cochlea nucl eus,
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superior olivary conplex, lateral |emiscus, i nferior-

col l'iculus, nmedian genicul ate body, tenporal |obe or corpus

callosun) had abnormal PSI results. Children wth non-
audi tory CNS | esi ons consistently had nor mal PS
performance. It was also found that abnormal findings were

obt ai ned for the PSI-CCM (SPI-contralateral conpeting
message) but not for PSI-ICM (PSI-Ipsilateral conpeting
message). The investigators suggested that the central
auditory processing disorder was auditory rather t han

[inguistic in nature.

Therefore, the prelimnary reports of the results for
children with confirmed or suspected central |esions suggest
that the PSI is able to distinguish between children wth
central auditory lesions and those with non-auditory centra

| esions (Jerger, et al. 1988) .

(iii) GConpeting Sentence Test

Wlleford (1968) devel oped the conpeting sentence test
(CST) to evaluate central auditory function. The test was
first described by Ivey (1969) . It was developed to avoid
dependence on the identification of highly transient single
word, particularly nonosyllabic words. Another reason was

to sinmulate |anguage constructions that m ght occur in daily
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life. An effort was made to select a level of |anguage that
did not penalize children, persons with low intelligence or

patients with reduced physical well-Dbeing.

The CST itenms consists of paired sentences, concerning
time, weather or other common themes. The two sentences are
presented sinmultaneously one to each ear. The primry
message is at 35 dB SL and the conpeting at 50 dB SL (Ref.
PTA) .

lvey (1969) standardized 25 pairs of CST sentences
using normal hearing adults. The 'signal' nessage was to be
reported and the "conpeting' nessage ignored. The original
test was subsequently shortened to two tests of 10 conpeting
sentence pairs. This was based on the findings wth clinical
patients that only ten itens were needed to identify adult
patients. Five nore itenms were used to assess the patient's
ability to repeat both messages. Lynn and Glray (1977)

found that nornmal hearing adults scored 100% in each ear.

CST has been used widely with adults and children wth
neurologic lesions. Lynn and Glroy (1975) tested patients
wWth trenors in the posterior region of the tenporal | obe.

Scores were seen to be slightly poorer in the ear
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contralateral to the brain lesion for both dichotically and

nonotical ly degraded speech procedures.

CST in Children

WIlleford and Billger (1982) developed the Ipsilateral-
Contral ateral Conpeting Sentence Test (I-C/ CST) as a part of
t he Wlleford Battery. They simnul taneously present ed
sentences of simlar content in contralateral node (-15 dB
nmessage to conpetition ratio), ipsilateral node (equal or -5
dB nessage to conpetition ratio) and binaural node (equal
nmessage to conpetition ratio) utilizing mle vs. fenale
vVoi ce. Contral at er al node assess corti cal functi on,

ipsilateral node - the brain stem function.

Children's nornms reflect quite a different pattern of
results. Subj ects 5-10 years old generally score 100% on
one ear, usually the right ear. The other ear may score any
where from 0-100% Thus normal children show a strong ear
and weak ear. However, the scores in the weak ear inprove
progressively with increasing age until 8-10 years. \Wen
di sparity between the ears is not achieved by that age or
when strong ear score is less than 90% the results are
considered clinically significant (Lynn and G Iroy, 1976-

1978) .
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(iv) Rapid Alternating Speech Perception (RASP)

This test devel oped by Bocca and Calearo (1963) is not
commonly used. It makes use of sentence material which are
switched at periodic intervals between the two ears, each
ear receiving atlernate bursts of unintelligible spoken

nmessages in a sequential manner.

Lynn and Glroy in (1977) reported low scores in |ow
pons lesion but patients with lesions of the 8th nerve,
upper brainstem and unilateral cerebral areas had little

difficulty.

Wlleford and Billger (1978), wusing a 30 dB SL
presentation | evel, have found abnormal results on this test
in only a small percentage of the children wth central
audi tory processing disorder whom they evaluated. The test
is easily admnistered to children and is a generally
enjoyable task for them but in its present formit is not

one of the nore sensitive test for children with CAPD
In summary, the tests discussed above and ot her

behavi oural and physiologic tests can be wused in an

audi ol ogic test battery to aid identification of lesions of
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the CANS. It is difficult to say as to which of the tests

are nost sensitive.

Lynn and Glroy (1977) conpared the results of
undi storted speech tests, low pass filtered tests, SSW and
conpeting sentence tests on patients wth tenporal and
parietal |obe Ilesions. They reported that the conpeting
conditions of the SSWand |ow pass filtered tests appear to

be the nost sensitive for identifying tenporal | obe |esions.

Musi ek (1983) conpared three dichotic tests conpeting
sentences, staggered spondaic words and dichotic digits.
The Dichotic Digits Test appeared npbst sensitive, fol | oned
by SSW test and conpeting sentences. Al three tests
denonstrated greater ipsilateral ear deficits for subjects
with brain stem | esions, however for hem spheric lesions all

tests showed poorer contralateral to the |esions.

Therefore, a test battery approach (Wlleford Centra
Auditory Processing Battery) is recommended, as it assesses
the overall integrity of the central auditory system In
the battery of tests, the child's or adult's ability to
perform auditorily wunder different conditions of signa

distortion or conpetition is assessed (Keith, 1981) . Due to
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the conplexity and redundancy of the central audi tory
system the tests assess both brain stem and cortica
functioning within the brain. The results nust be carefully
interpreted according to normative data and if this is not

avail able interpretation is difficult (Lass, 1982).
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METHODOLOGY

SUBJECTS:

The subjects for the study were a group of 50 normal
children- 25 boys and 25 girls in the age range of 8-17
years (Table-2).

Tabl e-2: Age and sex breakup of the subjects

Age (years) No. of subjects Mal es Femal es

Goup - 1 8-12 25 12 13
Goup - 2 13-17 25 13 12

To be selected as subjects, they were required to

fulfill the followng criteria :

(a) Should be right handed

(b) Should have normal 1Q

(c) Should have no history of ear infection, head trauma or
known neurol ogi cal disorders.

(d) Shoul d have pure tone thresholds of less than 15 dB for
frequencies 250 Hz through 8 KHz and 250 KHz to 4 KHz

for air conduction and bone conduction respectively.
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(e) Speech reception thresholds were required to co-relate
with pure tone average. This was established using
either, the W22 word list in English (Hrsh, 1964) or
t he Kannada version devel oped by Rajshekhar (1976).
Depending on the language the subjects were famliar
with they were adm nistered either the Kannada or the
English SRT test.

(f) On the PB-max (Myadevi, 1974), the subjects were
required to have a score of 90% and above.

(g0 On a nonaural presentation of the CV syllables (single
track of the dichotic CV test) a score of 80% and above
was taken as a criteria for selection. This score had
to be obtained in both ears. This was done to confirm

absence of any peripheral hearing |oss.

A teacher's report of no reading or Writing
difficulties was also taken as a criteria for selection of

the subjects.

TEST MATERI AL

Consonant -vowel (CV) syllables (pa, ta, ka, ba, da and

ga) was recorded by Yathiraj, (1994)* on two tracks using a

*Yathiraj, A (1994), Developed the Dichotic CV test at CD
St. Loui's, USA.
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I NSTRUVENTATI ON

The prelimnary tests were done wusing a clinical
audi oneter Madsen OB 822 which was coupled to a TDH 39
ear phones housed in MX-41/AR ear cushions, for air
conduction. Bone conduction testings were done using RADIO

EAR B-71 BC vi brator.

For the dichotic test, an audio cassette tape was
pl ayed on the tape recorder (PH LIPS AW 606) the output of
which was fed to the tape input of a clinical audioneter
(Madsen OB 822). The output of the audioneter was given
through the TDH 39 ear phones housed in MX-41/AR ear

cushions (Fig.1)

The audioneter was calibrated to conform to | SO
standards [1SO 1983] . Frequency and intensity calibration
for air conduction and bone conduction neasurenents were

carried out.

Audio Tape Clinical Ear
Cassette — deck ———» Audiometer ————> phones
(Meltrak) (Philips) (Madsen OB 822) TDH 39

Fig. A:Block diagram of instruments used for the dichotic CV
test.
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conputer software program "Sound Ed. Pro.", at CID  St.

Loui s.

The recording contained 30 dichotic presentations in
all conbinations of CV syllables, in each of the five

di fferent onset asynchronies i.e. -

a) At 0 ns (Sinultaneous presentation of stimuli to both the
ears).

b) At 30 ns8 (R lag (Stimulus to the right ear presented 30
ms. after the presentation of stinmulus to the left ear).

c) At 90 ms. (R lag (Stinulus to the right ear presented 90
ms. after the presentation of stinulus to the left ear)

d At 30 ns (L) lag (Stinulus to the left ear presented 30
ms. after the presentation of stinmulus to the right ear).

e) At 90 ms. (L) lag (Stimulus to the left ear presented 90
ms. after the presentation of stimulus to the right ear).

A 1 KHz calibration tone was recorded before each list for
the VU neter calibration. The output of the conputer was
recorded on to an audio cassette. The five lists were
random zed wusing a statistical random Table (Mahar aj n
1990) to form two sets. These two sets were recorded
separately on an audio cassette (MELTRAK) using a tape deck

(SONY FH 411 R) . Each set contained all the five lists.
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PROCEDURE

Testing was perforned in a two room sound treated
suite. Those subjects who passed the subject selection
criteria were admnistered for the dichotic CV test. The
dichotic test was admnistered at 70 dB HL. The two sets
were admnistered on the subjects randonmy, such that,
twenty-five subjects were tested using set-1 and twenty-five
subjects wusing set-Il1. The subjects were asked to report
both the syllables that had been presented on each dichotic
trial. The responses were marked on a nmultiple choice score

sheet (Appendi x-A).

SCORI NG

The responses were scored in terns of single and double
correct responses. The single correct response refers to a
correct response in any one ear (left ear or right ear), and
t he doubl e correct response refers to a correct response in

both ears.

The scores were statistically analyzed using nean (M ,

standard deviation (SD and the t-test.
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RESULTS AND DI SCUSSI ON

The results obtained fromthe present study have been
reported in this chapter and these results have thereafter
been discussed. The statistical nethods used to obtain the
results were nean, standard deviation and range. The t-test
was al so used to find out whether the difference between the
different parameters analyzed, was significant or not.

Anal ysis was done to obtain -
1) SINGLE CORRECT SCORES

Single correct score refers to a correct response in
either left or right ear. This was done at -

a) sinultaneity (0 ms)

b) different lag times (30 ms. and 90 ns.) for each ear

2) DOUBLE CORRECT SCORES

Doubl e correct score refers to a correct response of a
subject to both the right and left ear for each stinulus
presentation. This was al so eval uated at

a) At simultaneity ( 0 ns.)

b) At different lag tines (30 ms. and 90 nms.) for each
ear.

3) AGE RELATED CHANGES

The effect of age on the performance of the two groups

(8-12 years and 13-17 years) was conpared.
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SI NGLE CORRECT SCORES
i) AT SIMILTANEITY

Table-1 : Mean, Percent Correct Scores Range and Standard
Deviation and t-scores at sinmultaneity (0 ns.
Lag) .

0 m. lag Ri ght Left
Mean 17. 56 14. 50
% correct 58. 53 48. 33
Range 9- 27 8-21
St andard Devi ati on 3.72 3. 77
Average Correct % 53. 43
t-Score 4.13
Si gni ficance 0.01

Max. Score - 30

Tabl e-1 represents the mean, percent correct scores, range,
standard deviation and t-scores with level of significance

at simultaneity (0 ms. Lag).

As seen in Table | scores at sinultaneity for the right
and left ear, for the normal children, was found to be 17.56
(58.53% and 14.50 (48.33% respectively. The score that
was arrived by averaging the single correct responses for
right and left ear was 16.03 (53.44% . The range of scores

in the normal children was also cal culated (Table-1) and was
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found to be 9-27 (30% - 90% for the right ear and 8-21
(26.6% - 70% for the left ear

The results of the single correct responses at
sinultaneity reveals that there is a distinct right ear
advant age. The right ear advantage was found to be
statistically significant at the 0.01 level, on the t-test

(Table-1).

The percent correct score at sinultaneity is simlar in
magni tude to other studies who also wused dichotic CV
syl | abl es. Bryden and Allard (1973) found the average
correct for kinder garten and second grade children to be
50% Berlin et al. (1973) found the average percent score

for children between 5-13 years to be between 55-60%

The agreenment in scores in the Indian population when
conpared to the western norms, throws [light on t he
universality of the test and that it can be wused wth

children from different 1inguistic background.

The results obtained in the present study showng a

distinct right ear advantage at sinultaneity, correl ates

with studies quoted in literature (Studdert-Kennedy and
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Shankwei | er, 1900; Berlin et al. 1973 (Qsen, 1983)). The
right ear advantage at sinultaneity reflects the prepotency
of the crossed neural pathways fromthe right ear to the
| anguage dom nant |eft hem sphere (Kinura, 1961). Since the
auditory system has a strong contral at eral pat hway
(Rosenzwei g and Rosenblith, 1953) and since nost people are
left brained for |anguage, independent of their handedness
(Penfield and Roberts, 1959), we would expect that nost
people would show a right ear dom nance in sinultaneous
listening tasks. Wen normal hearing listeners attend to
di chotic simultaneous speech, both ears are suppressed
relative to their one channel, nonaural performance. The
right ear may sinply perform better during conpetition and
its pathways may suppress conpetition nore effectively than

those fromthe left ear.

In the present study, the right ear was found to obtain
an average of 10% higher score than the left ear. Thi s
right ear advant age has been support ed by many
investigators. Berlin et al. (1973) reported a right ear
advantage of about 14%  Studdert-Kennedy and Shankweil er
(1970) also reported a right ear advantage of a simlar
magni t ude. In a study by O sen (1983), normal subjects
yielded a right ear advantage of 10% difference between

ears. Children tested wusing directed ear instructions

68



yielded a right ear advantage (REA) whether listening wth
right ear or left ear (Hynd, et al. 1983) . Dernody et al.
(1983), also supported the view of right ear advantage in

bot h groups of good and poor readers.

The findings in the present study is thus conparable
wth findings of individuals fromdifferent linguistic and

cul tural backgrounds.

Dichotic conpetition always does not reveal a right ear
advantage in all subjects. In the present study five (10%
out of the fifty subjects selected for the study exhibited a
left ear advantage at sinultaneity. However, the left ear
scores were not found to be significantly higher when
conpared to the right. St uddert - Kennedy and Shankwei |l er
(1970), also reported that four out of twenty-four subjects

who showed a |eft ear advantage at sinultaneity.

Ther ef or e, in the normal Indian children in the age
range of 8-17 years, on the dichotic CV test, an average
score of 53.43% and a range of 28%to 71% can be considered
as norns. In addition with the exception of a few right
handed individuals with LEA a right ear advantage seen in

the normals on the dichotic listening task is a reflection
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of the left hem sphere's dom nance for speech perception and
related functions (Studdert-Kennedy and Shankweiler (1970),
Kimura (1961). This is because the left anterior Iobe is
closer than the right tenporal |obe, to the left primary
speech areas, therefore transmssion loss is less on the

basis of proximty (Berlin et al. 1973).

SI NGLE CORRECT SCORES AT DI FFERENT LAG TI MES

Table-11 : Mean, Percent correct, St andar d Devi ati on, and
t-scores at different lag tinmes.

Mean S. D Range t-scores Signi-
ficance
30 ns. R 20.04 (66.80% 3.98 19- 27
R Lag 9.32 0.01
L 19.14 (43.80% 3.54 5-20
30 ns R 16.60 (54.33% 3.85 10- 26
L Lag 2.48 0.01
L 18.54 (61.8% 4. 07 11- 25
90 ns. R 21.88 (72.93% 3.81 13- 29
R Lag 4. 64 0.01
L 17.84 (54.46% 4.93 9-29
90 ns. R 18.28 (60.93% 4.64 7-27
L Lag 2.21 0. 05
L 20.14 (67.13% 3.78 13- 29

Max. score possible = 30
R - RIGHT EAR SCORE
L - LEFT EAR SCORE
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The Table-11 represents the nmean, percent correct
scores, standard deviation and range at the different onset
asynchronies for the single correct responses. The t-scores
have also been depicted for the right and left ear along

with their levels of significance.

1: is a graphical representation of the nmean and
standard deviation at sinultaneity and at different |ag

times for the single correct response.

On analyzing the data using nmean, standard-deviation
and the t-test, it was found that naxinmum scores were

obtai ned when the stinmuli were presented simultaneously to

the two ears (0 ms.). Scores were seen to inprove wth
increase in lag tine from30 ms. lag to 90 ns |ag. Maxi mum
scores were obtained at 90 ms. lag. It was also found that

the scores in the lagging ear was significantly better than

the | eading ear.

Rl GHT EAR LAG

Table-11 depicts the left ear and right ear scores at
different onset asynchronies, when the lag is given to the
right ear. A statistically significant difference between

the right and left ear scores was seen at 30 ns. R lag and
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90ns. R lag, the difference being significant at 0.01 |evel

of significant.

Tabl e-111 . Percent score and t-scores conparing right ear
Lag scores.
Ri ght ear Lag % scores t-scores Si gni ficance
0 m. R Lag 58. 53%
VSs. 3. 26 0.01
30 ns. R Lag 66. 80%
0 ms. R Lag 58. 53%
VSs. 5. 83 0.01
90 ns. R Lag 72.93%
30 ns. RLag 66. 80%
VS. 2.38 0.05
90 ns. R Lag 72.93%
Table-111  shows the performance of the right ear at

different onset asynchronies. On conputing the percent
score and the t-scores, it was found that the performance of
the lagging ear (30 ns. and 90 ns.) was significantly better
than the other ear or the leading ear. The difference was
significant at the .01 level of significance. On conparing
the | agging ear performance at 30 ms. R lag and 90 ms. R lag
significantly better scores were obtained for 90 ns. R lag
condition when conpared to the 30nms. R lag condition. The

difference was significant at .05 level of significance.
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LEFT EAR LAG

Table |1 depict a significant difference in scores
between the right and left ear when the lag was given to the
left ear. The difference was significant at .01 level for
the 30 ms. L lag condition and at .05 Ilevel for the 90

ms. L lag condition.

Tabl e-1V: Percent scores and t-scores conparing |left ear Lag

scor es.
Left ear Lag % scores t-scores Si gni ficance
O m. L Lag 48. 33%

VS. 5.10 0.01

30 ns. L Lag 61. 80%

0O m. L Lag 48. 33%

VS. 7.62 0.01

90 ms. L Lag 67.13%

30 ms. L Lag 61. 80%
VS. 2.05 0.01

90 ns. L Lag 67.13%

Table-1V depicts the performance of the left ear at
different lag tinmes. Simlar to the right ear a significant
hi gher score was obtained in the |agging ear. In other
words, higher scores were obtained in the Ileft ear when
conpared to the right, when the left ear was |agged by 30
ms. or 90 ms. was significant at .01 level of significance.

On conparing the left ear's performance at 30 ms. and 90 ns.
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lag conditions, better scores were obtained for the 90 ns
condition, the difference being significant at .01 |evel of

si gni fi cance.

Average scores at different lag tines:

As depicted in Table 1I1l, percent average scores

obtained at different lag tines were -

- 55.3% at 30 ns. Rlag
- 58.06% at 30 nms L lag
- 63.69% at 90 nms R lag
- 64.03%at 90 ns L lag conditions.

A nunber of studies reported in literature support the
above results. Lowe et al. (1970) varied the onset tine

bet ween natural speech CV's upto 90 ns - 500 ms. from 30 ms.

the results show a trail or lag effect in the 30 - 90 ns.
range. Simlar findings have also been reported by
St uddert - Kennedy, Shankweiler and Shulman (1970). They

found better identification of the trailing syllable than
the leading syllable in dichotic conditions. Berlin et al.
(1973) in two experinments on normals presented non-sense CV
syl l ables both dichotically and nmonotically, wth onsets of
syl lables separated by 0, 15, 30, 60 and 90 nms. (first
experi nent) and 0, 90,180, 250 and 500ns. (Second

experiment). It was found that when the CV's trailed the
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other by 30 - 60 nsec, the trailing CV becanme nore

intelligible than when it was given sinultaneously. The
| eadi ng syl | abl es intelligibility dr opped from its
simultaneity |evel when leading by 15 - 30 nsec. d sen

(1983), Celfand et al. (1980), Loovis and Thonpson (1972)
and Berlin (1972) , also reported that the trailing CV becane

nore intelligible than when it was given sinultaneously.

This lag effect seen is due to a single left hem sphere
speech processor being entered from two channels. Thi s
hypot heti cal processor requires a finite-tinme of 30 - 90 ns.
to handle a CV accurately, provided it were not interrupted
by different information arriving from another channel
(Berlin et al. 1973). Physi ol ogi cal support for t he
i nportance of 30nms. separation between the signals cone from
studies by Hazemann, diver and Dupont (1969) and Happe
(1972). They suggest that short latency (< 30ns.) responses
recorded from cortex ipsilateral to the side of stinulation
arrive by way of the corpus callosumin the sonmatosensory
pat hway. Thus, a lag of 30 ms. or nore to the left ar m ght
take both its ipsilateral information and contralatera
i nformati on. The lag to the right ear would also be
expected to inprove its scores by virtue of freeing it from

suppressive effect of the left ear.
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Concl udi ng, a significant lag effect is seen wth
per f or mance I mprovi ng wth I ncrease in | ag time.
Cancellation of the right ear advantage by an appropriate
left ear lag suggest that the laterality and lag effects are

i ndependent phenonenon (Berlin, 1973).

DOUBLE CORRECT SCORES

a) AT SIMULTANEITY (O nsec) AND AT DI FFERENT LAG Tl MES

Table-V : Mean, percent correct scores, standard deviation
and range at different onset asynchronies for
doubl e correct responses.

Mean S. D Range
0 ns. 6.9 (23.00% 2.00 1- 17
30 ms. R lag 7.66 (25.53% 3.97 2-17
30 ns. L Lag 8.17 (27.23% 3.07 0-21
90 ms. R Lag 12.34 (41.13% 5.50 3-25
90 ms. L Lag 11.17 (37.23% 4.74 4-72

Max. Score Possible = 30

Double correct score refers a condition where the
subject responds correctly to stinmuli presented to both
ears. As with the single correct scores, the double correct
scores also varied across the different lag times in both

ears. However, the double correct scores were found to be
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significantly lower than the single correct scores. The
range of scores were also calculated at sinultaneity and

different lag tines.

The data generated for the double correct scores at
simultaneity and at different lag times is as given in

Tabl e- V.

Table-V depicts the nean, percent correct scores,

standard deviation (SD) and range at simultaneity and at

different lag tines, for the double correct scores. The
mean scores in the double correct responses wer e
consi derable lower than the single correct responses. It is

evident from the range that the double correct responses
(Table V) had a lot nore variability when conpared to the
single correct responses (Tables I and I'1). This was true
for the scores obtained at sinmultaneity and at different |ag
tinmes. Due to the lesser variability seen when the single
correct responses, it is recommended that this mneasure be

used while cal culating dichotic scores.
The nean scores in the double correct responses were

consi derable Ilower than the single correct responses, as

evident in Gaph II.
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EFFECT OF AGE ON DI CHOTI C EAR ADVANTAGE

Variations of age and dichotic listening will indicate
"the effect of development on dichotic |istening. Thi s
indicates the age at which the dichotic tasks show a
hem spheric dom nance for speech and |anguage and how
changes occur in dichotic Ilistening wth devel opnmental
changes and difference between the age groups.

Tabl e- VI : Conparing Mean and SD of theer syllables for the
two age groups at different lag tines.

Age N Ri ght Ear Left Ear

(years) Mean SD Mean SD
0 ms. 8-12 25 16. 46 2. 45 13.52 3.39
13-17 25 18 541 15. 48 3.33

30 ns. 8-12 25 18. 92 4.4 11. 84 5.2
(R 13-17 25  21.16 3.83 14. 44 2.87
30 ns. 8-12 25 16. 48 3.06 17. 40 4.13
(L) 13- 17 25 16. 72 4. 67 19. 68 3.76
90 ms. 8-12 25 20.72 3.85 16. 56 3.84
(R 13-17 25 23.04 5.41 19. 12 5.49
90 ms. 8-12 25 18. 44 4.02 20. 40 2.79
(L) 13- 17 25 18. 12 5. 98 19. 88 4. 09

Tabl e-VI Conpares the performance of the two groups of
children (8-12 vyears vs. 13-17 years) on the dichotic CV
test, using nean correct and standard deviation at different

onset asynchroni es.
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Usi ng mean, standard deviation and t-test a significant
right ear advantage (REA) was found in both groups of
subjects (8-12 years and 13-17 years) at sinultaneity. This
di fference between right and left ear scores was found to be
statistically significant at the .01 level. The significant
right ear advantage seen in both the groups indicates that a
| eft hem sphere dom nance or | ateralized | anguage
capabilities exists in normal children fromthe age of 8
years 17 years. It is possible that these hem spheric

asymmetries devel op before the age of 8.

In the present study findings support the previous
studies on dichotic listening by Ingram (1975) who reported
that a right ear superiority was indicated on dichotic
listening tasks at as wearly as three years of age,
suggestive of a |left hem spheric domnance for speech
functions. Knox and Kinmura (1970) suggested that non-verba
environnental sounds were nore correctly identified than the
ver bal . However, a nunber of verbal tasks denonstrate a
REA. They attributed this to the established efficiency of
the crossed pathways fromthe ear to the brain. They
denonstrated that the right and left hem sphere functiona
differentiation had begun by age 5. Horning (1972) reported
that children acquire functional differences by the age of

five and behave in the sane nanner as the adults. Berlin
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and McNeil (1976) reported that the |anguage skills, as the
children develop fromthe age of 5-13 years can be reflected
in the presence of REA suggesting the left hem sphere
dom nance. Hynd, Cohen and Obrzut (1983) suggested that
| ateralized |anguage capabilities exist in normal children

fromthe age 6 through 12.

It can be thus stated that the findings of the present

study are incoordinance with the Western studies.

The Table-VI also shows that the older group (13-17
years) perforns Dbetter than the younger age group (8-12
years) not just at simultaneity but also at the different
lag times. This difference was calculated wusing t-test.
The poorer performance of the young age group when conpared
to the older though not statistically significant can be
attributed to the progressive maturation of the auditory
system and therefore an age related increase in auditory
capacity. In addition, the shorter attention span in the
younger group, difficulty in following of instructions and
the rapid rate of presentation of stimuli could be other
contributing factors that could have resulted in the overal
poorer scores in the younger age group. Rosen et al.

(1983) , who studied the dichotic presentation of cVv
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syllables at different tenporal offsets reported of no
significant changes in ear laterality after the age of 4
years. However, there was a significant age rel at ed
increase in auditory capacity, which is in accordance with

the present study.

In conclusion, from the results obtained on t he
dichotic CV test, for Indian children in the age range of 8-

17 years, it can be noted that

1) At simultaneity, normal children get a score of 58.33%
for the right ear and 48.33% for the left ear and an

average score of 53.43% for single correct responses.

2) There is a significant right ear advantage.
3) There is a distinct lag effect, with performance

i mproving fromO ms. lag to 90 msec. |ag.

4) Double correct scores also inprove with increase in |ag
time, but because of the high amount of variability in

scores, it is not a sensitive measure.

5) There is an inmprovement in scores with age (8-12 years
vs. 13-17 years) at sinultaneity and across the different
lag times, but this difference was not statistically

significant.
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SUWARY AND CONCLUSI ON

The present study ains at generating normative data for
the dichotic CV test, developed by Yathiraj (1994), at CID
St. Louis, on Indian children. The subjects taken up for
the study were fifty, right handed normal children in the
age range of 8-17 years. The subjects had no history of ear
i nfection or any neurological involvenent and were initially
tested to ensure normal auditory functioning. Onh the
dichotic CV test, the task involved identification of CV
syll ables when presented at sinmultaneity (0 nms.) and at
different lag tines. The lag tines studied in the present
study were 30 ns and 90 ms. given to both ears separately.
The responses obtained were analyzed in terns of single
correct (when the subject responded correctly to stimulus
presented in either right or left ear) and double correct
responses (when the subject responds correctly to stinul
presented to both ears). The raw data was statistically
anal yzed using nean, standard devi ation, range and the t-

t est.

The results obtained were as foll ows:

a) SINGLE CORRECT SCORES : It was found that normal children

in the age range of 8- 17 years got an average score of
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63.43% at O nms lag, 55.30% at 30 ms right lag, 58.06% at
30 ms left |ag.

63.69% at 90 ns right lag, and
64.03% at 90 ns left |ag

These findings were obtained when average single

correct responses were cal cul at ed.

i)

LATERALITY : There was a significant right ear advantage

for the dichotic stimuli presented.

iii) LAG EFFECT : A significant |lag effect was seen when |ag

was presented either to the right or left ear. That
IS, scores were seen to inprove with increase in lag
time from O ns to 30 ns and 30 ns to 90 ns. Thi s
increase with lag tine was found to be statistically

significant.

SI NGLE CORRECT vs. DOUBLE CORRECT SCORES - The
findings on the single correct and double correct
responses were simlar. The scores were seen to inprove
wth increase in lag tine fromO ns -30 ms. - 90 ns.
However on the double correct scores a wide range of
variability was seen when conpared to the single

correct scores. This indicates that the single correct
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score is a nore sensitive diagnostic criteria when

conpared to the double correct scores.

v) AGE EFFECT : The performance of the age effects : ol der
age group (13-17 years) was conpared to that of children
of the younger age group (8-12 years). The older group
per f or med better than the younger group at

sinultaneity and at different lag tines.

The results obtained was in accordance to t he

hypot hesis and was consistent with previous studies.

In conclusion, the present study is in accordance to
findings in the western population. Thus, simlar trend in
results is seen across the different popul ations. Thi s
confirms the use of this test with children from different

['i ngui stic backgrounds.

FUTURE | MPLI CATI ONS

The dichotic consonant-vowel (CV) task can be used to
detect children with central auditory perceptual deficits.
Thus, it can be included in the central auditory disorders
(CAD) test battery for children for early diagnosis of such

children and for appropriate managenent.
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