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INTRODUCTION

"Communication is the basis of our social and cognitive being; without it,
growth and development are stymied. This in turn, influences psychological, social
and intellectual processes. The partid or complete absence of hearing interferes
with the development of these processes, due to the absence of normal auditory
development and the resultant effect on linguistic development” (De Conde , 1984

PI9).

The act of hearing does not end with the detection of an acoustic stimulus.
Rather, several neurophysiological and cognitive mechanisms and processes are
involved in the accurate decoding of the auditory signal. The central auditory

nervous system is responsible for this decoding.

Central Auditory Processing:

"Central auditory processes are the auditory sysem mechanisms and
processes responsible for the following behavioural phenomena: sound localization,
lateralization, auditory discrimination; auditory pattern recognition; temporal
aspects of audition, including temporal resolution, temporal masking, temporal
ordering; auditory performance with competing acoustic signals, and auditory
performance with degraded acoustic signals® (American Speech-Language and

Hearing Association 1996).



The central auditory nervous system (CANS) is a highly complex redundant
system.  Optima functioning of the CANS is critica to the recognition and
discrimination of even the most smple, nonverba stimuli as well as of highly
complex stimuli such as spoken language (Bocca & Calearo ,1963 ,Bellis 1996)
Central auditory processing affects nonverbal signals and influences various higher

functions including language and learning (ASHA, 1996; Philips, 1993, 1995).

A central auditory processing disorder (CAPD) refers to a disorder of the
CANS from the cochlear nuclei to the auditory cortex in the tempora lobe
including the interhemispheric pathways. Such lesions can be space occupying
neoplasms, degenerative disorders, congenital neurologic deficits, or acquired
neurologic deficits such as those resulting from head trauma, and a'so minimal
dysfunction of the CANS which cannot be detected by sophisticated radiologic and

neurologic techniques (Bocca& Calearo, 1963; Siman & Silverman, 1991).

The clinical features of CAPDs are subtle and may not be noticed when
routine audiological evaluation is done. The routine pure-tone and speech
identification scores do not rule out a CANS dysfunction (Goldstein, 1961,

Hodgson, 1967).



The failure of pure-tone threshold tests to detect central auditory processing
disorders is related to the decreasing importance of frequency anaysis at
increasingly rostral levels of the auditory pathway and the intrinsic redundancy of
the CANS. The failure of conventional speech recognition tests and PB word tests

to identify CAPDs is related to the concepts of intrinsic and extrinsic redundancy.

Intrinsic redundancy:

The concept of intrinsic redundancy is based on the multiplicity of neural
pathways, centres and decussations, and bilateral representation of the auditory
system. It is reduced by CANS lesions but it is not apparent on conventional
gpeech recognition tests, unless the lesion affects a significant portion of the

neurons and nuclei inthe CANS.

Extrinsic redundancy:

Extrinsic redundancy comes from aspects of the signal, like frequency
range, sound duration, context in which the message is given, rhythm, and the
individual's familiarity with the semantic, syntactic and phonological rules of the
language. It is inherent in the speech message and enables the message to be
perceived even when parts of the message are degraded or absent. It can be
reduced by various means of degradation such as presenting the signal dichotically,
filtering, time alterations and noise (Bocca & Calearo, 1963 ; Silman & Silverman

199)).



The development of specidized tests for the assessment of CANS
dysfunction was based on the concept that centra auditory dysfunction is
manifested by taxing the CANS through reduction in extrinsic redundancy [Bocca
(1955); Cdearo (1960; Silman & Silverman (1991)]. Severd such tests have been

developed, one category of them being dichotic speech tests.

Dichotic Listening:
The term "dichotic” refers to auditory stimuli that are presented to both ears
simultaneously, with the stimulus presented to each ear being different (Katz,

1994) .

According to Kimura (1961 a,b), when the left hemisphere is dominant for
language, the right hemisphere acts as arelay station for information from the left

ear which is trandferred across the corpus callosum to the left hemisphere.

When dichotic speech is presented to individuas with temporal lobe
lesions, reduced performance is expected on the ear contralateral to the lesion due

to the dominant crossed auditory fibre tracks.

Generally, when speech is presented dichotically to norma listeners, higher
scores are obtained from the material presented to the right ear than to the left. This
has been referred to as the right ear advantage (REA) and is believed to reflect

dominance of the left hemisphere for speech and language perception.



Dichotic speech testing has been used primarily to measure hemispheric

asymmetry (Kimura, 1961 a) or to indicate brainstem dysfunction.

Some of the dichotic tests used clinically are as follows:
- Dichotic Digits Test, Kimura (1961a)
- Dichotic Consonant-vowel Test, Shankweiler & Studdert-Kennedy (1967)
- Dichotic Rhyme Test, Wexler & Halwes (1983)
- Staggered Spondaic Words Test, Katz (1962)
- Competing Sentence Test, Willeford (1968)
- Synthetic Sentence Identification with contralateral competing message, Jerger

(1970)

ATM OF THE STUDY:

- To edtablish normative data on adults for the dichotic CV test - revised,
developed by Yathirgy (1999) at the All India Institute of Speech and Hearing,
Mysore.

Rajagopa (1996) had developed normative data on adults for the dichotic CV
test, developed by Yathirg (1994) at the CID, St. Louis. The materia for
the test was developed using a computer software with a sampling rate of 8
bits. The material for the dichotic CV test - revised was developed using a
computer software with a sampling rate of 16 bits. The present study aso

aimed at evaluating the change in the scores onthe test with increase inthe

sampling rate.



- Itisreportedin literaturethat scores on the dichotic CV  test improve when
there isalag in the stimulus presented to one ear with reference to the other.
Thishasbeen cdled asthe "lag effect” (Berlinet a., 1972). The present

study also verifies the lag effect in the adult Indian population.

NEED FOR THE STUDY:

- Normative data must be carefully established on any test before it is used
clinically, to ensure accurate interpretation of results. Using normative data,
we can determine whether a person is norma or has deviant perception,

which aids us in diagnosis and line of management for the person.

- Thedichotic CV test-revised uses nonsense syllables which are common across
most Indian languages. Therefore, this test could be easily used with the
multilinguistic Indian population, since language and diaect variations do not

affect the test. Scoring sheets would, however, differ depending on the

languages.



REVIEW OF LITERATURE

Dichotic speech testing was introduced by Broadbent (1954) for the
detection of CAPD. It requires smultaneous presentation of different speech
ggnasto each ear. Since ther introduction in CAPD testing, dichotic speech
tests have been found to have considerable clinical value. Primarily, dichotic
tests have been used to measure hemispheric asymmetry or to indicate
braingem dysfunction (Kimura, 1961a, 1961b). According to Musiek and
Morgan (1981), the application of dichotic speech tests is not only to identify

neuroauditory dysfunction, but also to monitor changes in scores.

There are severa commonly used dichotic speech which have tests
clinicd value in the detection of various central auditory processing disorders.
These test include:

=> Dichotic Digits Test (Kimura, 19614)

=> Dichotic Consonant-Vowel (CV) Test (Shankweiler and Studdert-

Kennedy, 1967)

=> Staggered Spondaic Words (SSW) Test (Katz, 1962)

=> Dichotic Rhyme Test (Wexler & Halwes, 1983)

=> Competing Sentence Test (Willeford, 1968)

=> Synthetic Sentence ldentification with Contralateral Competing

Message (SSI-CCM) (Jerger, 1970)



DICHOTIC DIGITSTEST (DDT)

The technique of presenting competing sets of digits smultaneoudy to
the two ears was introduced by Broadbent (1954). The technique was first
used to test subjects with brain damage using triads of digits by Kimura

(1961 a b).

NORMATIVE STUDIES:
Dirks (1964) administered the DDT on normal adult subjects and found
a right ear (left hemisphere) superiority of 2-6% for verbdly reporting of the

digits. Speaks (1975) has reported smilar findings.

Musiek (1983 a) used pairs of digits presented dichoticaly and found
that normals obtained 90% scores, or more on the DDT. He suggested a
detalled centra auditory nervous sysem (CANS) examination if the scores
were lessthan 80%. He also reported that the test was relatively unaffected by

periphera hearing loss.

There has been a report of decrease in performance with advancing age
by Rodriguez et a. (1990). They administered the DDT on norma hearing,
cognitively intact elderly adults. They scored less than 90% on the dichotic

digitstest. There was, however, a dgnificant REA. The results indicated that



central auditory processing disorders (CAPD) can occur without a concomitant

decline in periphera sengtivity, cognitive function or linguistic competence.

CORTICAL LESIONS.
Temporal lobe lesions:

Kimura (1961a, b) presented digit triads simultaneoudly to each ear
of a group of patients with temporal lobe lesions. She found impaired digit
recognition in the contralateral ear when the stimuli were presented in a
dichotic paradigm, while no deficits were noted in either ear if the stimuli were
presented in a non-competing condition. Similar findings were aso reported

by Shankweiler(1966).

Mazzuchi and Parma (1978) administered the test on norma and
temporal lobe epileptic subjects. They found a right ear advantage in normal
right-handed subjects. Temporal epileptics with macroscopic lesions in the
right temporal lobe performed poorly on the left ear. This was explained as
follows. "The leson effect adds to the left hemisphere dominance for the
gimuli so that right ear advantage is strengthened. In patients with left
temporal lobe damage, on the other hand, overal scores are diminished

because it interferes with the natural dominance effect for verbal stimuli."

In an attempt to explain the ipsilateral ear effect for left temporal

lesions but not for right, Sparks et a. (1970) proposed a model for pathways
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of dichotic speech suggesting areas where lesions could cause a reduction in
either right or left ear performance. According to the model, deep lesions
affecting the cdlosd fibre tracts could be responsible for decreased scores for
the left ear but not for the right (right temporal lobe lesion). The absence of an
ipsilateral ear effect for the right hemisphere added to the notion that a

dominant path exigts to the left hemisphere for perception of dichotic speech.

Schulhoff and Goodglass (1969), reported that their left hemisphere
damaged subjects presented a bilateral decrease in the perception of digits,
while their right hemisphere damaged patients showed an analogous decrease
for tones. In addition, left and right hemisphere damaged subjects showed
sgnificant increases in left ear preference for tones and right ear preference for
digits respectively. Thisfinding was attributed to a degrading of contralateral
ear signa at the gdte of lesion resulting in a reduction in the competition
between signas in the hemisphere responsible for decoding a particular type of

signal.

Oxbury and Oxbury (1969) noted that hemispherectomy affected the
order in which dichaotic digits were reported, and they found that the digits
presented to the contralateral ear were usualy reported after those presented

to the ipsilateral ear.



n

Musiek (1983 a) reported abnormal results on the DDT in at least one

ear for patients with hemispheric lesions.

Temporal |obectomy cases were studied preoperatively and post-
operatively by Collard et a. (1986), using the DDT . They found that the
preoperative performance of these cases was poorer than the norma group.
Postoperatively, ipsilateral scores improved. The reason speculated for this
ipsilateral ear improvement was that the side of the lesion might have caused
interference with the overall function of the contralateral, non-epileptogenic
cortex pre-operatively. After surgery, this deleterious effect was reduced,

resulting in improvement of scores.

A study by Niccum et a. (1981), revealed that aphasic patients scored
50% or less on the DDT for the contralateral ear and 85% or higher on the

ipsilatera ear.

Musiek and Morgan (1981), found an intracranial right hemisphere
involvement in a case of vasculitis. using the DDT, in which the left ear scores
were poorer than right ear scores, indicating involvement of the right
hemisphere. Post treatment scores indicated an obvious improvement in right
hemisphere function on the DDT. They concluded that the DDT could be used

to detect and monitor changes in neuro-audiological conditions.
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Mueller et a. (1987) evaluated head injured patients using the DDT.
They found that when the left temporal lobe was injured, both right and left ear
scores were reduced, while right tempora lobe involvement affected only the
scores of the left ear. Individuals with injury in other brain areas performed

normally.

Thus, the review of the DDT on cortical lesions reveals that the test is
quite sensitive in detecting cortical lesons and also in determining the sde of

thelesion.

INTERHEMISPHERIC LESIONS:

Abnormal DDT results have been reported in cases with corpus callosal

lesions.

Sparks and Geschwind (1968) found poor performance on the digits
presented to the left ear, while the right ear was normal, while Damasio et d.
(1976) reported complete left ear extinction for dichotic digits on patients with

interhemispheric lesions.

Dichotic digit test performance of patients who underwent anterior
sectioning of the corpus calosum was studied by Baran et d. (1986). Their
subjects showed better functioning on the right ear than the left ear pre-

operatively.  Postoperatively, little change was seen on either ear's
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performance. Right ear superiority was accounted for by the fact that the
subjects had a neurologically and/or surgically confirmed right hemisphere

damage, thus, reduced left ear performance could be expected.

As seen from the above studies, interhemispheric lesions lead to left ear

extinction: whichis evident from DDT scores.

BRAINSTEM PATHOLOGY :
Abnormal results on the DDT were reponed by Stephens and Thornton

(1976) for thirteen patients with brainstem pathology.

Another study by Siegenthaller and Knellinger (1981) on a patient with
a brainstem vascular disorder and three patients with brainstem neura
degeneration showed abnorma results. The patient with a brainstem vascular
disorder showed a severe right ear deficit and norma left ear performance.
The remaining patients showed similar results for the left and right ear, the

scores being dightly lower than normals.

Musiek and Guerkink (1982), and Mustek (1983a), have reported

abnormal results on the DDT in patients with brainstem pathology al so.

Thus, the DDT may be useful in diagnosing brainstem pathology also.
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It can be concluded from the studies on the DDT, that the dichotic
- digits test shows a contralateral deficit in cortical lesions, reduced scores in

brainstem disorders and left ear extinction in corpus callosal lesions.

DICHOTIC CONSONANT-VOWEL (CV) TEST
The dichotic CV test consists of the syllables /pal /tal, /kal, /bal, /dal,
and /ga’ presented in randomized pairs, one to each ear simultaneoudy.
Shankweller and Studert-Kennedy (1967) and Berlin (1968) composed some

of the early paradigms of dichotic CV testing.

NORMATIVE STUDIES

Berlin et d. (1973), presented CV syllables with onsets of syllables to
the two ears separated by 0, 15, 30, 60 and 90 msec. They found a right ear
advantage (REA) on simultaneous dichotic presentation of CV syllables.
Between 15-3 Omsec, the leading ear intdligibility dropped. Intdligibility of
both lag and lead ears improved beyond 30msec time separation. At 15msec
delay, the right ear superiority was dill seen. However, if the CV to the left

ear trailed that to the right ear, then no right ear advantage was seen.

Kimura (1961a); Shankweiler and Studdert-Kennedy (1970) believed
that the REA was a reflection of the left hemisphere's dominance for gpeech

perception and related functions. Since the auditory system has a strong
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contralateral path and since most people are left brained, more people showed

aright ear advantage in a ssmultaneous listening task.

Berlin et a. (1973) assumed that:

a) The left posterior temporal lobe is most likely dominant for speech
and language functions.

b) Both the right and left temporal lobes participate and interact in
some form of speech processing.

c) REA is seen in normals because the left anterior, temporal lobe is
closer than the right anterior temporal lobe to the primary speech
area; therefore there would be less "transmission loss' to the left

posterior temporal parietal lobe on the basis of proximity.

Studdert-Kennedy, Shankweiler and Schulman (1970) investigated the
effects of delaying one channe during dichotic presentation of pairs of CV
gyllables differing in the initial consonant. The onset time asynchronies were 0,
5, 10, 20, 25, 50, 70 and 120msec. They found that the time advantage
accrued to the lagging, not to the leading syllable. The right ear advantage,
seen at Ssmultaneity was more readily abolished by aleft ear lag than a right ear
lag. REA was present at dl conditions except at 120msec lag. If the lag to the
left ear was 20msec or more, the left ear outperformed the right ear. With
increase in the lag time, the overall score improved. This, they termed as the

lag effect.
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Results consistent with the above studies have been reported by

Gdfand et d. (1980), who administered the test on norma hearing young and

elderly subjects. The older group demonstrated a mean REA not significantly

different from the young adult group. Thus, they did not find any reduction in

the REA with advancing age. There was, however, a significant reduction in

the total dichotic scores of the elderly group compared to the young;

suggesting an age-associated reduction in the channe capacity of the aging

auditory system. They also found striking aberrations of the lag effect in the

elderly group compared to the young subjects.

In agreement with other studies, Olsen (1983) aso found a right ear

advantage and a lag efect in adult norma hearing subjects. The scores (%)

obtained by Olsen in his study are asfollows:

90 msec  Léft 0 msec 90 msec Right Average
lag lag
R L R L R L R L
Mean 86.3 79.3 69.3 59.2 | 87.7 79.2 | 8l1 725
Range 63-100 56-100 | 47-93 43-77 | 69-100 50-100 | 66.95 60.89

Olsen (1983) noted that there was a high variability anong subjects for

the dichotic CV task. He attributed this to the task being difficult. This finding

has also been reported by Berlin et al. (1973).
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Keith et a. (1985), administered the dichotic CV task to normal adults
aged 20-36 years with a smultaneous onset, using a directed listening task, i.e.,
for the first thirty pairs of syllables, subjects were asked to report the syllable
heard in the right ear. For the next thirty pairs, they were asked to report what
they heard in the left ear. Finaly, a free recall instruction was given, in which
the subjects had to repeat whatever CV's they heard, irrespective of the ear.
They, too, found a wide variation among subjects indicating that dichotic CV
materials present a difficult listening task. The adult subjects showed a 36%
RE A on the directed right ear listening task and 21% LEA on the directed left
ear listening task. Inthe free recall condition, the subjects got an average of
6.2% REA. They took these results to indicate that the dichotic CVs are

recognized as 'nonsense’ syllables with interpretation made by ether

hemisphere.

Normative data obtained by Bingea and Raffin (1986) on the dichotic
CV test at onset time asynchronies of 0, 30, 60, 90 and 120 msec, under right
and left lag conditions, supported previous findings. They, too, reveded a
REA at 0, 30, 60 and 90 msec lag conditions. They found that the mean score
improved with increase in the lag, with the difference in score being sgnificant
between 0 & 120 msec lag, 30 and 120 msec lag, and 90 and 120 msec lag
conditions. The right ear outperformed the left ear in both lag conditions. The

double correct scores were found to increase with increase in the lag.
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Rajgopa (1996) obtained normative data on adults aged 18-30 years
using dichotic CV materid developed by Yathirg (1994) usng an 8 hit
computer software. The results were consistent with the above studies,
demonstrating the presence of REA and lag effect in the adult Indian
population too. In her study, she found that scores improved from O msec to
90 msec. lag. The mean single correct scores for lag 0 msec lag were 19.3 and
14.8 for right and left ears respectively. For 30 msec right lag and 30 msec Ieft
lag, right and left ear scoreswere 20.9, 15.8 & 18.3, 19.2 respectively. For 90
msec right and left lag, right and left ear scores were 22, 20.2 and 20.3 and 21.
Double correct scores were 25.6%, 34%, 36.8%, 50.6% and 47% respectively
for 0 msec, 30 msec, right lag, 30 msec left lag, 90 msec right lag and 90 msec

left lag conditions.

Ganguly (1996), using the same material as Rggopad (1996), obtained
norms for children aged 8-17 years. She, too, found aright ear advantage and
alag effect. She found that children in the age group of 13-17 years performed
better than those in the age range of 8-12 years. The difference, however, was

not significant.

Thus, the dichotic CV in normals shows a right ear advantage with a
lag effect.,)They aso have higher single correct scores which are less variable

compared to double correct scores. However, most of the studies have found
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a high intersubject variability, reflecting upon the difficulty of the dichotic CV

task.

CORTICAL LESIONS:

The cortical lesons reviewed in this section include temporal lobe

lesions, aphasia, corpus calosum lesions, stuttering and learning disability.

Temporal lobelesions :

Berlin et al. (1972) measured central auditory dysfunction in patients
after temporal lobectomy. They used dichotic ssmultaneous and time staggered
nonsense syllables. They found that the syllable presented to the ipsilateral ear
was reported accurately most of the time, while that presented to the
contralateral ear was either not perceived at al or was distorted. Also,
temporal lobectomy patients showed no lag effect. Comparing preoperative
and postoperative scores, it was found that there was additional degradation of
contralateral scores and enhanced ipsilateral function postoperatively. This
was seen in both left and right temporal lobectomees. Thus, the advantage
which normal listeners achieve when they hear a lagging message in a pair is
lost to patients with temporal lobe lesions. Patients show a distinct failure to
accurately perceive messages in the ear contralatera to the lesions,

independent of the temporal sequence of the syllables.
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Berlin et a. (1972), took thesefindingsto indicate that both right and
left temporal lobes must participate in some type of preliminary speech
processing, otherwise there would be no postoperative laterally effects
following temporal lobe lesions. Such patients generaly show an amost
complete suppression of dichotic speech perception sent to their contralateral
ears. It was suggested that the temporal lobe plays a critica role in either
preliminary speech analysis or in the relay of speech information to the

posterior temporal cortex via association pathways.

It was hypothesized that information coming from the right anterior
temporal lobe to the left posterior tempora areas need not pass through the
left anterior temporal areas. If such a seria relationship existed, then a left
anterior temporal lobectomy would have devastating effects on al speech and
hearing function. On the contrary, only the left posterior temporal |obectomy

has been found to have such deleterious effects.

The inference of the reduced scores on the contralateral ear in the
temporal |obectomy patients was that the cortical processing areas for speech,
presumably located in the left hemisphere, do not receive an effective dichotic
input. Because of the tempora lobe lesion, the signal was degraded

aufficiently so that correct processing of the weak ear signal was unlikely.
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Berlin et a. (1975), also found reduced scores in the contralateral ear
of temporal lobectomy patients, on the dichotic CV test. Speaks et al. (1975)
found extremely depressed scores for the ear contralateral to the side of brain
lesionsin dl patients with temporal 1obe lesions using dichotic CVs. Scoresin
a monotic condition were also poorer in the ear contralateral to the lesion.
Similar findings have been reported by Olsen and Kurdziel (1978) and Collard

etal .(1982).

Research by Olsen (1983) reveded that over 40% of the temporal
lobectomy patients fdl within normal limits. Ipsilateral ear effects were also
observed and he concluded that determination of the side of a cortical lesion

can not be accomplished by using dichotic listening tests.

Collard et d. (1986) tested patients with tempora lobe epilepsy before
and after temporal lobectomy. Ipsilateral ear scoresimproved post operatively,
the difference being satisticaly significant. Preoperatively they performed
poorer than the norma group. The reason speculated for the ipsilateral ear
enhancement was that the side of the lesion might have caused interference
with overdl function of the contralateral, non-epileptogenic cortex
preoperatively. After surgery, this deleterious effect was removed, resulting in

improvement of scores.
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Mueller et a. (1987) reported contralateral as well as ipslatera ear
effects for subjects with temporal lobe injury. Double correct scores were
ggnificantly lower than normd in these patients. They concluded that the
double correct scores may be a useful indicator of posterior tempora |obe
dysfunction, athough hey are not likely to be useful in determining which

hemisphere is involved.

It can thus be construed from the studies on temporal lobe lesions, that
the dichotic CV test may be used to determine the side of the lesion (using

single correct scores) and to indicate the lesion (using double correct scores).

Aphasia:

Johnson et a. (1977) found a significant |eft ear preference for verbal
stimuli among their left hemisphere injured (posterior left hemisphere lesions
i.e, temporal, parieta, tempora-parieta area) subjects with aphasia as
opposed to the expected right ear preference in normal subjects. They aso
reported a factor of initid severity of aphasiato be a ggnificant determinant of
the extent of the left ear preference. They interpreted their results as reflecting
the superiority of the right hemisphere over the left in auditory verbal

recognition.
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Similar to Johnson et al.'sfindings, Niccum et a. (1981) administered
the dichotic CV test to 14 aphasic patients with only left hemispheric

involvement. They found aleft ear advantage in these cases.

Niccum et al. (1981) postulated that dichotic tests are useful in
determining whether language recovery is based on the transfer function to the
right hemisphere. A left ear advantage can be interpreted as evidence that
lateralization of language processing had shifted to the right hemisphere. The
'lesion effect”" interpretation of ear advantages is based on the assumption that
degradation due to the lesion might interact with and possibly override the pre-
morbid ear asymmetry so that dominance can no longer be inferred.

Aphasics, thus, consistently show aLEA on the dichotic CV test.

Corpus Callosum Lesions:

Lortie et a. (1981) used the dichotic CV test in assessing subjects with
calosa agenesis. Results demonstrated smilar performance for both left and
right ears on the test. They postulated that the agenesis of the corpus callosum
perhaps allows the development in each hemisphere of functions that are
usually dependent on interhemispheric interactions, such as speech and speech

related functions.

High right ear scores were reported on dichotic CVs in split brain

patientsin a study by Springer et al. (1975). They believed that as the callosa
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pathway is severed, information from the Ieft ear is not transmitted as the
interconnection between the right and left hemispheres is not intact. Therefore
the left hemisphereis required to process only the information coming from the

right ear. Thisiscalled as'left ear extinction" (Damasio et a. 1976).

Stutterers:

Rosenfield and Goodglass (1980) presented dichotic CV's and melodies
to matched groups of right handed male stutterers and controls. They found a
right ear advantage for dichotic CVs and a left ear advantage for melodies.
Sonificantly greater number of stutterers faled to show the expected ear

laterality for either type of material.

Blood (1985), found that severe stutterers show more left ear
advantage than mild and moderate stutterers, Moore and Haynes (1980)
reported that it might be predicated that the greater the severity of stuttering,

more the stutterers depend upon right hemisphere processing.

Bhat (1999) found non-significant right ear preference for stutterers at
0 msec and 30 msec lag. But a sgnificant left ear advantage was found at 90
msec lag. Double correct scores decreased as severity of stuttering increased
and stutterers show lower scores than normals. This latter finding is in

concurrence with that of Blood (1985).
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Studies on dichotic CV on stuttering, thus, showed that stutterers also

show central auditory deficits.

Learning Disability (LD) :

Obzrut et a. (1980) administered the dichotic CV test to twentyfive
normal and twentyfive LD children. Both normal and LD children showed a
REA but the amount of REA shown by normals was more than that of LD
children. The LD children scored less than norma children, though the

difference was not significant.

Similarly, no dgnificant group difference was found by Roeser et al.
(1983), in the ear asymmetry, auditory capacity, or lag effect, for both normal
and LD children. Based on this, they construed that the test has limited value
in identifying auditory processing disordersin LD children. However, findings
reported by Hynd et a. (1983), showed a sgnificant difference in the scores of
normal and LD children, the LD children scoring poorer than normals. The
authors attributed this difference to the attention deficit in LD children and not

to the auditory dysfunction.

Dermody et al. (1983) found that poor readers got better sngle correct
and poorer double correct scores than good readers on the dichotic CV. Also,

a greater REA was reported in poor readersthan good readers. They indicated
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that there might be specific processing limitations in low verba children, on

tasks where there is auditory information overload, e.g., the dichotic CV'task.

Ganguly, Rajgopa and Yathirg (1996) found lower scores on the
dichotic CV in LD children when compared to normas though a right ear

advantage was seen in both groups.

Thus, research on dichotic CV in LD shows controversial results, with
some studies reporting abnormalities, and others showing results similar to

normals.

BRAINSTEM LESIONS:

Jacobson et al. (1983) administered dichotic tests on a group of
multiple sclerosis cases (high brainstem lesion). They found 76.5% mean
correct scores for the right ear, and 45.8% mean correct scores for the left ear
onthe dichotic CV test. The right ear scores were not sgnificantly lower than
normal but left ear scores dgnificantly differed from norms. There was a
ggnificant REA in the leson group too. Berlin et d. (1975) found partially
complete suppression of the CVs presented to the left ear while right ear

scores were grossly normal in patients with lesons in the right media
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geniculate. These findings suggest that brainstem lesions may influence higher

order auditory processing as measured by the dichotic CV test.

Research regarding dichotic CV on brainstem lesions, though limited,

does show abnormalities and therefore, may ad in their diagnosis.

PERIPHERAL HEARING LOSS :

Absence of REA was found in subjects with bilateral moderately severe
SN hearing loss, as reported by Roeser et d. (1976) who carried out dichotic
CV testing a 30dBSL. In contrast, Cattey (1981) who also administered
dichotic CV test to moderate SN hearing loss cases at 75dB SPL found a right
ear advantage even when the lagging syllable was presented to the Ieft ear, and

it was not enhanced when the lagging syllable was presented to the right ear.

Speaks, Bauer and Carlstrom (1983) assessed the extent to which a
peripheral loss may confound the interpretation of dichotic listening tests in the
assessment of central auditory dysfunction. They tested norma hearing
subjects with CVs monotically and dichotically in two conditions. :

0] Conductive hearing loss smulated with ear plugs. This testing was
carried out at 78dB SPL.

(i)  Without ear plugs: Thistesting was carried out at 40-110 dB SPL.
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With the plug, the magnitude and direction of the RE A varied with the
test intensity even when the monotic speech recognition in both ears was
greater than 95%. Thus, when dichotic tests are used to assess central
auditory dysfunction in patients with peripheral hearing loss, the authors
recommended that the intensity be at least 10 dB from both the upper and
lower knees of the monotic performance intensity function.  Niccum et al.

(1987) reported smilar findings.

The effects of use of amplification on patients with high frequency
hearing loss were studied by Surr, Allen and Miller (1986) using the dichotic
CV test. They administered the test at 55 dBHL, once before hearing ad
fitting and again after 1 month and 6 moths following the use of amplification.

They found no consistent changes in scores after use of amplification.

Thus, research on the dichotic CV in peripheral hearing loss, revea

changes in the ear advantage.

It is evident from the review of literature on the dichotic CV test, that it
would be useful in detecting cortical level lesions, like learning disability
aphasia, temporal lobe lesions, etc. Studies on brainstem lesions, though

limited, also show deviant results.



29

STAGGERED SPONDAIC WORDS (SSW) TEST
The SSW test was given by Katz (1962). It is composed of two
spondees with a staggered onset. The latter half of the first spondee and the
first half of the second spondee are presented dichotically, while the remaining
spondee segments are presented in isolation to opposite ears. Katz developed

extensive scoring and interpretation for the test.

NORMATIVE STUDIES

Amerman and Parnell (1980) administered the SSW test on normal
hearing adults aged 60-79 years. They found a reduced response accuracy and
increased variability in comparison to younger subjects. There was a non-
ggnificant correlation between age and SSW scores which suggests minimal
change in those centra auditory functions tested by the SSW for these

subjects.

Young adults with no history of central auditory dysfunction showed
that response bias results used to locate the area of dysfunction were not
prevalent in the norma population. Katz (1968), Katz (1977), and Arnst
(1981). Arnst (1982) found that corrected SSW scores increased as a function
of age, consistent with the central aging effect reported in literature for older

populations.
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Harris, Keith and Novak (1983) administered the SSW and dichotic CV
test on children aged 6-8 years. The children were divided into 2 groups based
on their performance on the token test, as those having normal scores and
those having below norma scores. They found a sgnificant difference
between the 2 groups on the right competing and left competing conditions of
the SSW. They implied that below average SSW performance indicated

delayed maturation of the auditory system in these children

CORTICAL LESIONS:
Abnorma SSW results were reported in brain damaged subjects by

Katz (1962,1970). Lowest scores were obtained for the contralateral ear.

Lynn and Gilroy (1972) reported SSW results on 5 patients with
anterior and 10 patients with posterior tempora lobe tumors. All the patients
had abnorma SSW scores, and those with posterior lesons showed poorer

results than those with anterior lesions.

Patients with left hemisphere as wel as right hemisphere lesions
demonstrated sgnificantly poorer results on the SSW than normals. (Me
Cldlen et d. 1973). Ears contraatera to the brain lesons yielded mean lower
scores, but thiswas not as evident for left hemisphere lesions asfor right. Katz
and Pack (1975) clearly showed greater contralateral deficits for patients with

lesions in the auditory reception area, while SSW scores for patients with CNS
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lesions in other areas of the brain were normal. Jerger and Jerger (1975),
found the SSW test to be the most sensitive among SSI-CCM, SSI-CCM and
SSW to temporal lobe lesions. On the contrary, Olsen and Kurdziel (1978)
found an excess member of errors on the SSW in only four out of twentyrwo
patients with cortical lesions. Collad et a. (1982) reported smilar
performance of temporal lobectomy patients on the SSW, dichotic CV and
dichotic digits test. Musiek (1983b) reported more abnormal scores on the
dichotic digits test than the SSW in patients with brainstem and hemispheric

lesions.

Collard et d. (1986) tested patients with SSW and some other dichotic
speech tests before and after temporal |obectomy. They found that ipsilateral
scores improved on al tests postoperatively; and statistical significance was

reached for SSW and dichotic CV tests.

Katz (1977) reported that the SSW is most useful in the diagnosis of
lesions associated with areas of auditory reception. Damage to the Heschl's
gyrus, for example, led to moderate-severe SSW scores. Lesions involving

non-auditory areamay exhibit normal or near normal test scores.

As seen from the above studies, the SSW does show deviant

performance consistently on cortical lesions.
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Interhemispheric Lesions:

The SSW showed left ear deficits for left parieta lobe lesions in
several patients as reported by Lynn and Gilroy (1977) and Rintelmann and
Lynn (1983). This finding could indicate that the corpus callosum had been

compromised.

Baran et d. (1986) found dightly better function on the right ear than
on the left ear, preoperatively in cases with anterior sectioning of the corpus
cdlosum. Postoperatively there was little change seen on either ear's
performance. The right ear superiority was accounted for by the fact that
subjects had neurologicaly and/or surgically confirmed right hemisphere

damage, therefore, reduced left ear performance could be expected.

The |left ear extinction, seen in persons with interhemispheric lesions on
the other dichotic tests is consistent on the SSW aso, as construed from the

above studies.

L earning Disability :

Johnson et. d. (1981) evaluated normal and learning disabled children
aged 6-12 years with pure tone hearing within normal range using the SSW .
They found that children with learning disability performed poorly than their
normal peers, suggesting that learning disabled children may be identified by

auditory performance on the SSW test.



BRAINSTEM LESIONS:

Katz (1970) reported SSW results on a case of |eft sded low brainstem
tumor. The SSW showed norma performance for the right ear and a severe
deficit for the left competing and noncompeting conditions. Also, a left sded

high brainstem lesion showed a left ear deficit in the competing condition.

Jerger and Jerger (1975), compared SSW results in ten patients with
intra axid brainstem lesions to |On normal subjects. The pathological group
showed 44% poorer scores for the ear contralateral and 16% poorer scores for
the ear ipslateral to the sde of the lesions. Stephens and Thornton (1976)
found abnorma SSW results in 6 out of 14 patients with brainstem disorders.
Four of them demonstrated unilateral and two of them demonstrated bilateral

deficits.

In astudy on a patient with a gunshot wound on the right side of pons,
Pinheiro et. al. (1982) reported a mild to moderate left ear deficit and a
ggnificant order effect on the SSW. Rintelmann and Lynn (1983) reported
two brainstem lesion cases with SSW results. A post-mesencephalic leson
yielded a dight left ear competing condition deficit. A left sded

pontanedullary lesion showed a severe Ieft ear deficit.
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Musiek and Guerkink (1982) and Musiek (1983b) reported abnormal
SSW results on 60% of their subjects with brainstem disorders. Mgority of
those who demonstrated only unilateral brainstem lesions showed ipsilatera

and bilateral ear abnormalities.

The research thus shows that the SSW is a sensitive test for detecting

brainstem lesions, aswdl as cortica lesions.

PERIPHERAL HEARING LOSS:

Flynn et a. (1984) investigated effects of intensity on mild to moderate
cochlear hearing impaired adults' performance on the SSW test. The SSW test
was presented at 20, 30, 40, and 50 dB SL reference PTA. The responses
were used to generate performance intensity functions. No sgnificant
differences were found for these hearing impaired listeners performance for

items presented at the standard 50 dB SL and those at the low sensation levels.

Thus, the authors concluded that the SSW may be administered on

cochlear HL patients at SL.saslow as20 dB SL.

Due to the complexity of the test material, researchers do not use this
test as much as the dichotic CV, but it does have application in detecting

brainstem and cortical lesions.
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DICHOTIC RHYME TEST

The dichotic rhyme task was introduced by Wexler and Halwes (1983)
and modified by Musiek et a. (1989). It is composed of rhyming pairs of
consonant-vowel-consonant (CVC) words that begin with one of the stop
consonants. The stimuli are perfectly digned so that fusion takes place and the

listener most often hears just one of the two words presented.

NORMATIVE STUDIES:

Musiek et al. (1989) administered the DRT on 115 normal subjects and
obtained a mean of 30-73% for the right ear and 27-60% for the Ieft ear. Bellis
(1996) reported normative values of 32-60% per ear scores below or above

these values should considered abnormal according to him.

Research on the dichotic rhymetest has been very limited which may be

because the performance of normals is also around 50% on this task..

Musiek et a. (1989) evaluated the performance of split-brain patients
on the dichotic rhyme test. They found a marked left ear deficit and right ear
enhancement, postoperatively. The depressed left ear scores were accounted

for as follows.
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In dichotic listening, the left hemisphere receives direct contralateral
input from the right ear and input via the corpus calosum from the left ear.
Therefore, there is competition for a limited amount of neural substrate
activated by the stimuli presented to both ears. The more complex and digned
the dichotic stimuli, the greater the demand on the left hemisphere, and
performance is compromised. If the competition via the corpus callosum is
removed by sectioning or a leson in this area, the left hemisphere is released
from processing these stimuli, and it has to process only right ear input, which
it can to efficently. Therefore, the Ieft ear scores get depressed and right ear

scores get enhanced in cases like split-brain patients.

Smilar to the DDT, the DRT also reveals suppression of left ear

SCores.

COMPETING SENTENCE TEST (CST)

The competing sentence test was developed by Willeford (1968). The
test comprises of 25 pairs of smple sentences that are 6 & 7 words in length.
The sentences are presented dichoticaly one at 35 dB SL and the other at 50
dB SL, reference SRT. The lower intensity sentence is the target and the
higher intendity sentence serves as the competition. The subject has to repeat

only the target sentence and ignore the competing sentence.
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NORMATIVE STUDIES:

Ivey (1969) obtained norms on the CST. He found that the CST was a
very easy task for the subjects and that the right ear showed a dightly better

performance than the left ear.  All the subjects got a 100% score on the CST.

Lynn & Gilroy (1972) found 100% scores on the CST with a sentence

to competition ratio (SCR) of 0 dB in normal young adults.

Willeford (1978) found that subjects 5-10 years of age generaly score
100% on the right ear. The other ear scores may lie anywhere between 0 and
100%. The scores in the weak ear were found to improve with increasing age
up to 8-10 years of age at which time right and left ear performance is equal.

Thus, adult performance is achieved by age 10.

BRAINSTEM LESIONS:

Musiek and Guerkink (1982) and Musiek (1983b) reported abnormal
CST results in half of their subjects with brainstem lesions. Mgjority of the
subjects showed unilateral deficits in the ears ipsilatera to the lesion.
Rintelmann & Lynn (1983) reported normal CST results in a patient with a
high, bilateral brainstem lesion. However, a patient with a low left sded

brainstem tumor yielded a 0% score on that side and a 100% score
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contralateraly. Pinheiro et a. (1982), in their patient with a right pontine

lesion reported a marked Ieft ear deficit on competing sentences.

The CST, as construed from the above studies, is a good tool to

diagnose brainstem lesions.

CORTICAL LESIONS:

Lynn and Gilroy (1972) reported a 0% score for the ear contralateral to
a posterior tempora lobe tumor and 100% score for the ipsilatera ear.
Patients with anterior tempora lobe lesions reveded norma findings on the

CST.

When parieta lobe tumors were deeply Stuated (affecting the corpus
callosum), no difference between ears was noted on monotic distorted speech
tests. However, CST reveded poorer performance in the left ear regardless of
which hemsphere was damaged. Lynn & Gilroy (1975, 1976) attributed this to
the poor access that the Ieft ear has to the dominant left hemisphere. In the
same study five out of eleven patients with frontal lobe tumors had normal
results on CST. Four of them had abnorma results for the ipsilateral ear.
Lynn & Gilroy (1975, 1976) aso reported sgnificantly poor scores on the CST

in vascular and degenerative type intracranial lesions.
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Collard et d. (1982) reported abnormal results on the CST for 72% of
their temporal lobectomy candidates. They found that CST yielded a greater

percentage of abnormalities than the SSW, dichotic CV's and dichotic digits.

Bergman et d. (1987) used the GST technique to test two groups of
brain damaged subjects. One group had suffered diffuse cerebrocranial injuries
(CCI) and the other cerebrovascular accidents (CVA) that did not involve the
temporal lobe. High incidence of central auditory dysfunction was found in
both groups. Among the patients with CClI who showed abnormal results,
79% had abnormal |eft ear scores while 15% had abnormal right ear scores and
4 of the subjects had bilateral deficits. The patients had no difficulty with the
sentences when it was presented without competition. The CVA group
showed markedly poorer scores on the left ear in case of right hemisphere
damage, while those with left hemisphere lesions showed equally poor

performance on both ears, apoorer performance in the left (ipsilateral) ear.

Thus, the CST is useful in the diagnosis of cortical lesions also.
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SYNTHETIC SENTENCE IDENTIFICATION WITH

CONTRALATERAL COMPETING MESSAGE (SSI-CCM)

The SSI-CCM was developed by Jerger (1970). It consists of third
order approximations of English sentences which are presented to one ear, and
meaningful connected discourse to the other ear. The primary message is
introduced at 40 dB SL, and the competing message is varied to produce

message to competition ratios (MCRs) from O to 40 dB.

NORMATIVE STUDIES.
Jerger and Jerger (1974, 1975) administered the SSI-CCM on normal
subjects. They found that al subjects obtained 100% scores in dl MCRs from

0to 40 dB, varied in 20 dB steps.

The SSI-CCM, thusis an easy task for norma subjects.

CORTICAL LESONS:

Jerger and Jerger (1975) revealed poor scores for the ear contralateral
to the lesioned hemisphere on the SSI-CCM. They concluded from their study
that SSI-CCM was valuable in differentidly diagnosing brainstem and cortical
lesons. Keith (1977) and Jerger and Jerger (1981) reported smilar findings on

patients with temporal |obe disorders.
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BRAINSTEM LESIONS:
Jerger and Jerger (1975) found normal SSI-CCM results in patients
with intra axial and extra axia brainstem lesions. They concluded that SSI-

CCM is not avery sendtive test for brainstem lesions.

Jacobson et d. (1983) found 100% scores in twenty patients with
brainstem lesions for every MCR. Jerger and Jerger (1974) aso reported

normal (90-100%) SSI-CCM performance in intra axid brainstem disorders.

Since the SSI-CCM shows normal results in brainstem lesions, and
abnormal results in cortica lesions, it can be used for differentid diagnosis

between the two.
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COMPARISON BETWEEN DICHOTIC SPEECH TESTS

NORMATIVE STUDIES

Harris, Keith and Novak (1983) administered the SSW and dichotic CV
on children aged 6-8 years. The children were grouped into two based on
normal or low Token Test scores. On the dichotic CV, there was no
sgnificant difference between groups with respect to left ear scores, but there
was a dgnificant difference between right ear scores. They aso found a
greater REA in the normal receptive language group, indicating that the CV
gyllables are signas with low linguistic load, and interpreted by the left
hemisphere. The children with below average receptive level scores interpret
CV dgnds equaly well in both hemispheres. They appear to lack normaly

strong asymmetry of hemispheric function.

The SSW showed a sgnificant difference between the two groups on
the right competing and left competing conditions. They interpreted below
average SSW performance as indicative of delayed maturation of the auditory

system.

Thus, the combination of SSW and dichotic CV results imply a relation
between neuromaturational development, hemispheric dominance and receptive

language sKills.
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CORTICAL LESIONS:

Collard, et a. (1986) administered four dichotic tests to thirty patients
before and after temporal lobectomy. The tests administered were - dichotic
CV, SSW, CST and DDT. Preoperatively, scoreson al those tests were found
to be closeto normal. Postoperatively, ipsilatera scores showed improvement,
which was sgnificant for SSW and dichotic CV. Contraaterally, there was a
small deficit for the DDT, CST and the CV, but no statistical significance was

found. Margina sgnificance was reached, however, for right ear lesion.

Relative ear difference increased postoperatively which could be due to

ipsilateral ear improvement, rather than contralateral ear decline.

Musiek & Morgan (1981) reported results of the DDT, CST and SSW
on a case of vasculitis. The lesion in such cases may extend from the auditory
nerve, cochlea, brainstem to the middle cerebra artery which supplies to the
superior temporal gyrus. The CT scan, and neurological examination etc.,
showed normal results. Pure tone and speech discrimination scores were

normal.

On the DDT, SSW & CST, the right ear showed norma scores while
left ear showed abnorma scores, before the treatment. The post treatment

scores improved for the left ear. The DDT scores improved from 20% to
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90%, CST scores from 65% to 100% while SSW from 82% to 95%. Thus,
dichotic speech tests indicated right hemisphere involvement consistent with
the symptomatology of the case while neurological examination did not. This

adds to the validity of the dichotic speech tests.

Another study comparing dichotic speech tests was carried out by
Musiek (1983b) who adminstered DDT, CST and SSW on subjects with
aurgically, radiologicaly and/or neurologjcally diagnosed intracranial lesions.
Of these, eighteen had hemispheric lesions. DDT detected thirteen out of
eighteen patients with the lesions, while SSW detected twelve out of eighteen
subjects.  The CST could identify nine out of eighteen subjects with
hemispheric lesons.  All the 3 tests, thus, were found to be sensitive for

detecting hemispheric lesions than brainstem lesions.

Olsen (1983) administered the dichotic CV and SSW on thirtythree
subjects with temporal |obectomy. Preoperatively, mostly normal scores were
obtained for both ears. Postoperatively, ten of them showed abnormal results
on the dichotic CV. On the SSW, scores reduced dightly postoperatively in
case of tempora lobectomy. They concluded that dichotic CV was more

sengtive than SSW for temporal lobe lesions.

Jerger and Jerger (1975) compared the SSW and SSI-CCM. Patients

with nonauditory CNS lesions get 100% scores at dl MCRs on the SSI-CCM,
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while 10% showed deficits on SSW. Patients with eighth nerve disorder
showed norma SSI-CCM results while dight deficit on SSW. Subjects with
brainstem disorders aso showed normal scores on the SSI-CCM while deficit
in performance for leading, competing and lagging condition of the
contralateral ear. Ipsilateral ear showed reduced performance for competing
conditions. The group with right temporal lobe disorder showed norma SSI-
CCM results on the right ear and reduced performance on the left ear. SSW
also reveded smilar findings. Aphasics showed norma left ear performance,
and impaired right ear performance on the SSI-CCM. SSW results showed

reduced scores in the competing condition.

BRAINSTEM LESIONS:

Jacobson et a. (1983) evaluated twenty patients with brainstem lesions
with the SSW, dichotic CV, and SSI-CCM. Two out of twenty patients
showed abnormal scores on the SSW. All twenty showed 100% performance
for SSI-CCM. Dichotic CV showed no statistically sgnificant abnormdity in
the right ear, but left ear scores were reduced. Thus, the use of some dichotic

speech tests may contribute to the diagnosis of brainstem lesions.

The clinica applicability of the dichotic tests reviewed above can be

summarised in the following table given by Bellis (1996):
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Table comparing dichotic speech testsin terms of processfes) assessed and

sengitivity:

TEST

PROCESSES)
ASSESSED

SENSITIVETO

Dichotic Digits

Dichotic CV

Staggered Spondaic Word
Test

Competing Sentences Test

Synthetic Sentence
|dentification with
contralateral competing

message

Dichotic Rhyme

Binaural integration

Binaura integration

Binaura integration

Binaura integration

Binaural separation

Binaural integration

Brainstem, cortical and
Corpus calosal lesons

Cortical lesions

Brainstem and cortica
lesions.

Neuromaturation &
language processing.

Cortical Vs brainstem

Lesions e

I nterhemispheric
transfer.

The dichotic CV test assesses the central auditory process of binaural

integration. The review of literature on the dichotic C V test revedls that it is

an especidly senditive test for detecting cortical lesions. The am of the present

study is to obtain norms on the test, so that the test can be used on the

disordered population, and ad in diagnosis.
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METHODOLOGY

The present study aimed at obtaining normative data on the "dichotic CV
test-revised"  developed by Yathirg (1999) on a 16 bit computer. Another
purpose of the study was to compare the normative data with that obtained by
Rajagopal (1996) on the dichotic CV test developed by Yathirg (1994) on a 8 bit

computer.

Subjects:
The subjects for the study were 50 normal young adults, in the age range of

18 to 30 years, 25 of whom were males and 25 females.

Subject Selection Criteria:
The subjects selected for the study had:
() no known history of hearing loss,
(i) no chronic otologic problems
(i) no neurologic problems or traumato the brain
(iv) no previous experience with dichotic listening tasks
(v) right-handedness
(vi) pure-tone thresholds lessthan 15 dB in both ears, in the frequency range of
250 Hz-8000 Hz for air conduction and 250 Hz - 4000 Hz for bone

conduction.
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(vii) 90% or higher scores on monotic presentation of the consonant-vowel (CV

syllables)

I nstrumentation:

Preliminary testing was done using the clinical audiometer Madsen OB 822
coupled to TDH-39 earphones housed in MX-41/AR ear cushions and the bone

vibrator Radio Ear B-71.

For the dichotic CV test, the audio cassette consisting of the dichotic lists
were played on the tape recorder, Philips AW 606. The signa from the tape
recorder was fed to the tape input of the audiometer Madsen OB822. The output of

the audiometer was given to TDH-39 earphones housed in MX-41/AR ear

cushions.

The audiometer was calibrated for AC, BC and tape input to conform to

ANSI standards (ANSI, 1989).

Material:

The materid used were dichotic consonant-vowels, each list consisting of
30 standardized pairs of syllables /pal, /tal, /kal, /bal, /dal & /gal. Thetest material
was developed by Yathirgy (1999) at the All India Institute of Speech and Hearing,
Mysore. This was done using a computer software developed at the Voice &

Speech Systems, Bangalore, with a sampling rate of 16 bits. The CVs were
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recorded such that the onset of syllables was simultaneous (O msec) or delayed at

asynchronics of 30 msec or 90 msec. The lag was either in the right or the left

track.

Thus, the following five subtests were constructed with each list consisting

of thirty pairs of test items:

1.

2.

0 msec onset, where both syllables were given simultaneously to both ears.

30 msec left channd lag, where the stimulus to the left ear was given with alag
of 30 msec with reference to the right ear.

30 msec right channel lag, where the stimulus to the right ear was given with a
lag of 30 msec with reference to the Ieft ear.

90 msec left channel lag, where the stimulus to the left ear was given with alag
of 90 msec with reference to the right ear.

90 msec right channel 1ag, where the stimulus to the right channel was given

with alag of 90 msec with reference to the left ear.

A calibration tone of 1 kHz was recorded prior to each list. The computer

generated list was downloaded onto a magnetic tape using the tape deck SONY

FH-411R.
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Procedure for subject selection:

Q) Pure-tone audiometry was done for dl subjects prior to the dichotic CV test.
Only those who got thresholds less than 15 dB in air conduction and bone

conduction were administered the dichotic CV test.

(2) The C Vs were presented monotically using the single track of the dichotic
CV to each ear separately. Those who obtained more than 90% scores were

selected.

. Procedurefor obtaining normative data:

Subjects who passed the selection criteria mentioned above were
administered the dichotic CV test. The 1 kHz calibration tone was used to adjust
the VU meter to 'O’ The dichotic stimuli were presented at 80 dB HL through

TDH-39 earphones housed in MX-41/AR ear cushions.

The subjects were asked to respond on a multiple choice scoring sheet by
marking off the two CV's heard among sx aternatives [Appendix A]. Subjects

were asked to guess if they were unsure of the responses.
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Scoring:

Responses were scored in terms of single correct and double scores. A
single correct score was given when the subject reported the syllable presented to
any one ear correctly. A double correct score was given when the subject reported
the syllables presented to both ears correctly. The scores were recorded on a

scoring sheet [Appendix B].

Analysis:

The raw datawas subjected to statistical analysis where the mean, range and
standard deviation was calculated. The t-test was used to find out significance of
difference between the two means. The Number Crunching Statistical Software

(Hintze, 1982) was used for the statistical analysis.
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RESULTS AND DISCUSSION

The raw data was dtatistically analysed using the software program
Number Crunching Statistical Software (Hintze, 1982). The mean, standard
deviation, and range were calculated. The paired t-test was used to determine
the dgnificance between different parameters. Andyss was done to reved

information on:

) Single correct scores.
A dingle correct score was awarded when the subject identified the

gyllable presented to any one ear [right ear or |eft ear] correctly.

(A) Single correct scores at simultaneity.

(B) Single correct scores across onset time asynchronies.

(@) Comparison between right and left ear scores.

(b) Comparison of single correct scores across lag conditions.

M Double correct scores:

A double correct score was awarded when the subject could correctly

identify the syllables presented to both the ears.



l. SINGLE CORRECT SCORES

(A)  Single correct scores at simultaneity:
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Table 1 : Mean, standard deviation, range, t-scores and level of
significance for single correct scores (raw scores) at

simultaneity.
EAR MEAN SD. RANGE | t-SCORE LEVEL OF
SIGNIFICANCE

RIGHT 27.46 176 23-30

(91.35%)

3.90 0.01

LEFT 25.82 2.98 19-30

(85.5%)
Max. Score = 30.
Note: The values in the bracket are the single correct scores averaged in

percentage.

Table 1 gives the mean, standard deviation, and t-scores with the leve

of significance for single correct scores a simultaneity. As seen from table 1,

right ear scores were significantly higher than left ear scores (0.01 level) at

simultaneity. Thus, the table 1 reveals that there was a dgnificant right ear

advantage (REA) in the subjects tested.

REA in normal subjects has also been reported by Studdert-Kennedy et

a. (1970), Berlin et a. (1973), Orsen (1983), Bingea and Raffin (1986) on the

western population and by Ragopal (1996) and Ganguly (1996) on Indian

population.




According to Berlin et d. (1973), this RE A is seen in normals because
the left anterior tempora lobe is closer to the left primary speech area than the
right anterior temporal lobe. Due to this, there would be lesser "transmission
loss" to the left posterior temporal lobe, on the basis of proximity within the
areas of the braia Owing to this proximity, there is more efficient interaction

between the shorter pathways, giving riseto aREA.

Kimura (1967) on the other hand, attributed the REA to bilateral

asymmetry in brain function. This hypothesis holds that-

0] The contralateral pathways are dominant over the ipsilateral pathways
during dichotic stimulation

(i) Superior performance of a particular ear is a result of that ear being
contralateral to the hemisphere involved in the perception of a given

type of sound.

This implies that the left hemisphere is dominant in the perception of
sounds conveying language information (Kimura, 1967). REA is, therefore, a

reflection of the hemispheric dominance.



55

Single correct scores across onset-time-asynchronies

(B)
(&) Comparison between right and left ear scores:

Table 2 : Mean, standard deviation, range, t-sores, and level of
significance for single correct scores (raw scores) at different
onset-time-asynchronies.

LEVEL OF
LAGTIME | EAR| MEAN SD. | RANGE | t- SCORE | SIGNIFICANCE
30 msec. R 28.06 71 | 23-30
Right lag (93.52%)
L 26.16 266 @ 19-30| 4.344 0.01
(86.76%)
30 msec. R 27.82 224 | 17-30
Left lag (93.84%)
L 25.78 287 | 17-30 | 5352 0.01
(85.97%)
90 msec. R 28.22 159 | 23-30
Right lag (94.04)
L 26.88 236 | 21-30 3.644 0.01
(89.57%)
90 msec. R 28.36 163 | 22-30
Left lag (94.42%)
L 26.02 271 | 20-30 5.603 0.01
(86.96%)

Max. score = 30
Note: Thevaluesinthe bracket arethe single correct scores averaged in
percentage.

Table 2 depicts the mean, standard deviation and range of right & left

correct scores at different lag times, along with the t-scores and level of

significance. The valuesin the brackets are the averaged percent correct scores.

As seen from table 2, at both (30 msec and 90 msec) lag times for both

right and left lag conditions, right ear scores were significantly higher than the

left ear scores. That is, aright ear advantage was seen, irrespective of the ear to

which the lag was presented. This persistence of higher right ear scores in spite
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of lag to left ear may be interpreted as reflecting the potential of the right ear
advantage to overcome lag effects. This would again, indicate the superiority/

dominance of the left hemisphere in processing speech information.

Comparing the right ear scores in the 30 msec right and 30 msec left ear
lag conditions, it can be seen that the right ear scores in the latter condition was
dightly lower than that in the former, though the difference was not statistically

significant.

From these latter findings, it can be inferred that though there was a
dight reduction in the right ear scores when alag of 30 msec is given to the left
ear, as opposed to the right, no such reduction of right ear scores was observed

when a90 msec lag was given to the left ear, as opposed to the right.

The results of the present study regarding the lag effect are
contradictory with those obtained by Berlin et al. (1973) who reported that right
ear scores were higher than the left ear scores, only if the lag was to the right
ear, and higher left ear scores were obtained if the lag was given to the left ear.
Studdert-Kennedy et al. (1970) also reported that right ear superiority was
abolished by a left ear lag greater than 20 msec, contradictory to the findings of

the present study.
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However, the present study is in agreement with Bingea and Raffin
(1986) who aso found a RE A at al lag times in both right and left ear lag
conditions. The overall scores obtained in the present study were, however
higher than those obtained by Bingea and Raffin (1986) which could be due to

the differences in the procedure used to develop the dichotic CV material.

Individual data analysis was carried out for the present study at the 30
msec & 90 msec right and left lag conditions to check whether the absence of a
lag effect was because some subjects showed lag effects while some did not,
leading to a cancelling effect when the data are averaged across the whole

group. It reveaed that:

0] When a 30 msec lag was given to the left ear, 12% of the subjects
showed higher Ieft ear scores, whereas, when the same lag was given to
the right ear, only 4% subjects showed higher left ear scores. Higher
scores for the right ear were found for 70% and 76% subjects for left ear

and right ear lag conditions respectively.

(i) When a 90 msec lag was given to the left ear, 18% of the subjects
showed higher left ear scores. While in the 90 msec right lag condition,
only 14% of the subjects showed higher left ear scores. In the left lag

condition, 72% of the subjects showed higher right ear scores, while
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74% of the subjects showed higher right ear scores in the right lag

condition.

Bingen and Raffin (1986) had also done individual data anaysis to
explain the absence of a lag effect. They found that most of their

subjects did not demonstrate a lag effect.

(b) Comparison of single correct scores across lag conditions:
1 .Right ear lag:

Table 3 : Comparison of single correct scores (raw scores) at simultaneity
and across onset-time asynchronies in the right lag condition.

COMPARISON MEAN t-SCORES LEVEL OF
EAR | BETWEEN LAG | SCORES SIGNIFICANCE
TIMES
0 msec 27.46 1.870 Not significant
30 msec 28.06
vl 0 msec 2746 | 2319 005
SCORES 90 msec 28.22
30 msec 28.06 0.548 Not significant
90 msec 28.22
0 msec 25.82 0.699 Not significant
LEFT 30 msec 26.16
EAR 0 msec 25.82 2.335 0.05
SCORES 90 msec 26.88
30 msec 26.16 1527 Not significant
90 msec 26.88

Max. score =30

Table 3 compares single correct scores at simultaneity and across onset

time asynchronies when the lag was given to the right ear. This analysis was
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done to find out whether there was any significant improvement in the single

correct scores in the right lag condition as the lag time increased.

) Right ear scores:

It is clear from table 3 that right ear scores at 30 msec right lag were
greater than those at 0 msec lag, and those at 90 msec right lag were greater
than those at 0 msec as well as 30 msec right lag. But statisticaly significant
improvement (at the 0.05 level) in the scores could be obtained only when the

lag to the right ear was increased from O msec to 90 msec.

(i) L eft ear scores:
The results obtained for the left ear scores were similar to those
obtained for the right ear scores, with significant difference (at the 0.05 level)

obtained only between the 0 msec and 90 msec right lag conditions.
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2. Léft ear lag:

Table 4 : Comparison of single correct scores (raw scores) at
simultaneity and across onset-time asynchronies in the left lag

condition.
COMPARISON MEAN -SCORES LEVEL OF
EAR | BETWEEN LAG | SCORES SIGNIFICANCE

TIMES

0 msec 27.46 0.929 Not significant
RIGHT 30 msec 27.82
EAR 0 msec 27.46 353 0.01
SCORES 90 msec 28.36

30 msec 27.82 170 Not significant

90 msec 28.36

0 msec 25.82 0.507 Not significant
LEFT 30 msec 27.78 o
EAR 0 msec 25.82 0.527 Not significant
SCORES 90 msec 26.02

30 msec 25.78 0.795 Not significant

90 msec 26.02

Max. score = 30

Table 4 shows the comparison of single correct scores at 0 msec, 30

msec left lag and 90 msec left lag conditions.

() Right ear scores:
Right ear scores for 90 msec left lag were found to be significantly
higher than those at 0 msec lag (0.05 level). No significant difference
was found between the right ear scores at 0 msec and 30 msec left lag or

between 30 msec and 90 msec left lag conditions.
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(i) L eft ear scores.
No significant difference was found between the left ear scores at O

msec and 30 msec, 30 msec and 90 msec, or between 0 msec and 90

msec |eft lag conditions.

Thus, in the right lag condition significant improvement in right and left
ear scores was seen when the lag is increased from O to 90 msec. However, in
the left lag condition, significant improvement in scores was seen only for right
ear scores when the lag time was increased from 0 msec to 90 msec, while no

significant improvement was seen in left ear scores across different lag times.

The above results can again be explained on the basis of left hemisphere
dominance leading to right ear superiority. As the lag to the right ear is
increased, the left hemisphere gets more time to process the syllable going to
the right ear, and hence the right ear scores improve in the right lag condition.
In the left ear lag condition, however, the right hemisphere gets more time to
process the syllable going to the left ear, but since it is not specialized to
process speech signals, significant improvement may not be seen in the left ear
scores in spite of increase in lag time. Right ear scores show an improvement
in spite of increasing lag to the left ear due to the inherent superiority of the left

hemisphere to process speech signals.
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Improvement in scores with increase in lag time has also been reported

by Berlin et a. (1973) and Studdert-Kennedy et a. (1970).

I'l. DAUBLE CORRECT SCCRES

Table 5 : Mean, standard deviation and range for double correct scores
(raw scores) at smultaneity and across lag times.

LAGTIME MEAN SD. RANGE
0 msec 23.46(78.37°/) 3.69 1530
30 msec Right Lag 23.98 (79.9%) 3.73 15-20
30 msec Left lag 24.36 (80.37%) 3.66 15-30
90 msec Right lag 25.08(83.17%) 3.06 18-30
90 meec Left lag 24.56 (81.97%) 3.29 16-30
Max. score = 30.

Note: The values in the brackets are percentage scores of the mean.

Table 5 depicts the mean, SD, and range for double correct scores at

smultaneity and across onset time asynchronies, along with scoresin percent.

It is evident from the table that double correct scores improved with
increase in lag time, for both right and left lag conditions. Single correct scores
were found to be higher than double correct scores, and less variable than
double correct scores.  Thus, it is more difficult to correctly identify both
syllables presented dichotically, than to identify any one of the two, which is

why the variahility in scores was found to be more in double correct scores.
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Table 6 : Comparison of double correct scores across different onset
time asynchronies and lag conditions.

COMPARISON MEAN t-SCORES LEVEL OF
EAR BETWEEN LAG SCORES SIGNIFICANCE
TIMES
0 msec 23.46 112 Not sgnificant
30 msec 23.98
RIGHT 0 msec 23.46 3.63 0.01
90 msec 25.08
30 msec 23.98 25 0.01
90 msec 25.08
0 msec 23.46 184 Not sgnificant
30 msec 24.36
LEFT Omsec 23.46 2.13 0.05
90 msec 24.56
30 msec 24.36 138 Not sgnificant
90 msec 24.56

Max. score=30.

Table 6 compares the double correct scores obtained at different onset

time asynchronies in theright and |eft lag conditions.

Right ear lag:

Double correct scores improved as the lag to the right ear increased
from 0 to 30 msec, 30 to 90 msec and O to 90 msec. There was a
significant improvement, however, only when the lag to the right ear
was increased from 30 msec to 90 msec or from 0 msec to 90 msec. No
significant improvement was seen when the lag was increased from 0 to

30 msec.



(i)

Left ear lag:

Double correct scores showed an improvement as the lag to the left ear
increased from 0 to 30 msec, 30 to 90 msec and from O to 90 msec, but
significant difference (a the 0.05 level) was obtained only when the lag

was increased from 0 to 90 msec.

These results can again be attributed to the left hemisphere dominance,
due to which a lag to the right ear aids in improving double correct
scores, while a lag to the left ear fails to do so due to the non-
specialization of the right hemisphere for processing speech stimuli.
Therefore, significant improvement was seen in double correct scores
even when the lag to the right ear was increased from 30 to 90 msec,
while the left ear lag had to be increased from 0 to 90 msec to show a

sgnificant improvement in scores.

Berlin et a, (1973), Studdert-Kennedy et d. (1970) and Bingea
and Raffin (1986) have adso reported an increase in overall double
correct scores with increase in lag time. Bingea and Raffin (1986)
found the improvement in scores to be significant between 0 and 120
msec, 30 and 120 msec, and 90 and 120 msec lag conditions, which isin

agreement with the present study.
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The overall double correct scores obtained in the present study
were higher than those obtained by Bingea and Raffin (1986), which
could be due to the difference in the procedure used to develop the

dichotic CV material.

COMPARISON BETWEEN PRESENT STUDY AND STUDY BY
RAJGOPAL (1996):

Table 7 : Comparison between mean, standard deviation, and range of single
correct scores (raw scores) obtained in the present study and those obtained by
Rajgopal (1996).

MEAN - SD. RANGE t- LEVEL OF
LAG | EAR SCORE | SIGNIFI-
TIME CANCE
I N U I | B

0 R 193 2746 | 438 | 176 12-29 23-30 12.22 0.01
msec L 14.8 ‘ 2582 | 521 | 298 8-27 19-30 12.98 0.01

30 R 209 28.06 | 427 | 171 | 11-28 23-30 11.838 0.01
msec L 158 | 26.16 | 226 | 2.66 | 528 19-30 21.68 0.01
Rlag

30 R 183 | 27.82 | 437 | 224 9-28 17-30 13.70% 0.01
msec L 192 | 2578 | 456 | 2.87 | 1330 17-30 8.636 0.01
Llag

90 R 22 | 2822 | 4.47 | 159 | 19-29 23-30 9.2711 0.01
msec L 20.2 | 26.88 | 572 | 236 | 10-29 21-30 7.634 0.01
Rlag

90 R 20.3 | 28.36 | 5.09 | 163 9-30 2230 10.66 0.01
msec L 21 | 26.02 | 1042 | 2.71 | 1528 20-30 3.2969 0.01
Llag

M ax score = 30

Ragopa (1996) I1: Present study
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Table 8 : Comparison between mean, standard deviation and range of double
correct scores (raw scores) obtained in the present study and those obtained by
Rajgopal (1996).

MEAN SD. RANGE - LEVEL OF
LAG SIGNIFI-
TIME SORE | cance
| 8 I T B R [
Omsec | 768 | 2346 | 31 | 369 | 022 15-30 23154 0.01
30
msec | 1024 | 2398 | 34 | 373 | 022 15-30 19.237 0.01
Rlag
30
msec | 116 | 2436 | 427 | 366 | 4-29 15-30 14537 0.01
Llag
90
msec | 152 | 2508 | 54 | 306 | 127 18-30 12422 0.01
Rlag
0
msec | 142 | 2456 | 64 | 329 | 128 16-30 10.226 0.01
Llag
Max. score: 30
| : Ragopa (1996) [1: Present study

Table 7 and 8 demonstrate a comparison between the single correct
(right and left) and double correct scores respectively, as obtained by Rajgopal
(1996) and in the present study. Fromthetables, it is clear that both double and
single correct (mean) scores obtained from the present study were significantly
higher than those obtained by Rajgopal (1996). Also, the ranges of scores were
lesser than that obtained by Ragopa (1996), implying lesser intersubject

variability in the present study.

The material used by Rajgopal (1996) was developed by Yathirgy (1994)

with a computer software with 8 bit sampling rate, while the present study used



67

material also developed by Yathirgj (1999) on a 16 bit computer. The only
difference between the two materials was the sampling rates of the computer
used to develop them. Therefore, the difference in scores of the two studies can
be attributed to the increased sampling rate of the computer used to develop the

material by Yathirg (1999).

Thus, the findings of the present study confirmed the presence of RE A
on the Indian population similar to the western population. Also single and
double correct scores were found to improve the increase in lag time. Double
correct scores were lower and more variable than the single correct scores. The
scores of the present study were significantly higher than those obtained by
Rajgopal (1996) obtained on material developed using a 8 bit computer,
indicating that resolution and clarity of the signal improves with increased

sampling rate.
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SUMMARY AND CONCLUSIONS

The present study was carried out with the aim of developing normative
data on adults for the dichotic CV test-revised, developed by Yathiraj, (1999).
The material for the test was developed using a 16 bit computer software, at the

All India Institute of Speech and Hearing, Mysore.

The subjects for the study were fifty normal hearing, right-handed
adults, ranging in age from 18-30 years. None of them had a history of any
otologic or neurologic problems. All of them were tested to ensure normal
hearing prior to the administration of the test. The task involved identification
of dichotic nonsense CV syllables presented at simultaneity and across onset-
time asynchronies. The various onset time asynchronies used were 0 msec, 30

msec and 90 msec, with the lag given either to the right or the left ear.

Scoring was done in terms of single correct and double correct scores.
A single correct response refers to correct identification of the syllable
presented to the right ear or the left ear. A double correct response refers to
correct identification of the syllables presented to both the ears. The raw data
was statistically analysed, where the mean, standard deviation and range was
caculated. The t-test was used to check the significance of the difference

between means of different parameters.
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The results of the study can be summarised as follows:

Single correct scores.

The analysis of single correct scores at simultaneity revealed a
significant right ear advantage. Right ear advantage was also found
across the different onset-time asynchronies. These findings are
consistent with those of Berlin et al. (1973), Bingea & Raffin (1986),
Olsen (1983), Studdert-Kennedy et a. (1970) and Rajgopal (1996)"
Ganguly (1996) who aso reported a right ear advantage for dichotic

presentation of CV syllables.

Comparing the single correct responses across the onset-time
synchronies, it was found that the scores improved with increase in the
lag time. Thisimprovement in scores was significant only when the lag
was increased from 0 msec to 90 msec, in both, right and left lag

conditions.

Double correct scores:

Double correct scores were also found to improve with increase in lag
time. The improvement was found to be statistically significant only
when the lag time was increased from 30 msec to 90 msec and from O
msec to 90 msec in the right lag condition. In the left lag condition, a
statistically significant improvement was found only when the lag time

was increased from 0 msec to 90 msec.
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In general, the double correct scores were lower than single
correct scores at smultaneity as well as across lag time. The variability
in terms of the standard deviation and range was found to be higher in
case of double correct scores when compared to the single correct

SCOres.

The above findings were discussed with respect to left
hemiphere dominance, and were in agreement with Bingea and Raffin
(1986), Olsen (1983), Berlin et a. (1973), Studdert-Kennedy et a.

(1970), and Rajgopal (1996) and Ganguly (1996).

(ID) Comparison with findings of Rajgopal (1996):

The scores of the present study were compared with those of
Rajgopa (1996), who developed normative data on adults for dichotic
CV material developed by Yathirg (1994) using 8 bit computer
software. It was found that the scores obtained in the present study
were significantly higher than those obtained by Rajgopa (1996). Also,
the scores in the present study were found to be less variable compared
to those reported by Ragopal (1996), both, in terms of standard
deviation and range. This difference in scores could be attributed to the
use of a computer with a higher sampling rate (16 bits) for developing
the material for the present study, which lead to a better clarity and

resolution of the speech signal.
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To conclude, the findings of the present study are fairly consistent with
those previoudy reported in literature done both on the western population
(Berlin et d. 1973; Studdert-Kennedy et ad. 1970; Olsen, 1983, Bingea and
Raffin, 1986) as well as on the Indian population (Rajgopal, 1996, Ganguly,
1996). This shows that the dichotic CV test is resistant to linguistic and
dialectal variations, unlike other dichotic speech tests like the SSW, CST, SSI-
CCM, DRT, etc.,, which are very language specific. It can be inferred,
therefore, that the dichotic CV test is best suited for administration on the

multilinguistic Indian population.

Clinical Implications:

As seen from the review on the dichotic CV tests, it is especialy
sengitive for cortical lesions. The norms obtained from the present study can be

used to detect CAPD in cortical lesions.

Implications for future resear ch:

» The variation of scores with a directed listening instruction could be
investigated.

» Effects of aging on the scores of the test could also be determined.

* Normative data could be obtained on children and compared with that of
adults to obtain information about the developmental trend in scores.

* The test could be administered on individuals having various disorders such

as stuttering and learning disability.



72

REFERENCES

American National Standards Institute. American National Standards Specifications
for Audiometers. ANSIS 3.6-1989, New York.

American Speech, Language and Hearing Association (1996). Cited in Chermak, G,
and Musiek, F. (1997). Centra auditory processing disorders. Cdifornia Singular
Publishing Group, Inc.

Amerman, J.D., and Parnell, M.M. (1980). The SSW test: a normative investigation
of older adults. Ear and Hearing, 1,42-45.

Arnst, DJ. (1981). Errors on the SSW test in a group of adult normal listeners. Ear
and Hearing, 2, 112-116.

Artist, DJ. (1982). SSW test performance in a group of older adults. a preliminary
report. Ear and Hearing, 3, 118-123.

Baran, J.A, Musiek, F.E., and Reeves, AG. (1986). Centra auditory function

following anterior sectioning of the corpus collosum. Ear and Hearing, 7, 359-362.

Bellis, T.J. (1996). Assessment and management of central auditory processing
disorders in the educational setting: from science to practice. San Diego: Singular
Publishing Group, Inc.

Bergman, M. Hirsh, S, and Solzi, P. (1987). Interhemispheric suppression: A test of
central auditory function. Ear and Hearing, 8, 87-91.



73

Berlin, C.I., Cullen, J., Berlin, H., Tobey, E. and Mouney, D. (1975). Cited in
Musiek, F.E., and Pinheiro, ML. ((1985). Dichotic speech tests in the detection of
Central Auditory Dysfunction. In F.E. Musiek and M.L.Pinheiro (Eds.), Assessment
of Central Auditory Dysfunction. Baltimore: Williams and Wilkins.

Berlin, C, Lowe-Bell, S.and Cullen, J. (1968). The construction and perception of
stimultaneous messages. ASH A, 10, 397.

Berlin, C.I., Lowe-Bell, S.S., Cullen, JK. and Thomspon, C.L. (1973). Dichotic
gpeech perception: an interpretation of right ear advantage and temporal offset
effects. Journal of the Acoustical Society of America, 53, 699-7009.

Berlin, C.L, Lowe-Béll, S, Cullen, J., and Thomspon, C, and Stafford, M.(1972). Is
speech speciad? Perhaps the temporal lobectomy patient can tell us. Journa of the
Acoustical Society of America, 52, 702-705.

Bhat, S.(1999). Dichotic CV in stutterers. Unpublished Independent Project
submitted to the University of Mysore.

Bingea, R.L. and Raffin, JM. (1986). Norma Performance variability on a dichotic
CV test across nine onset time-asynchonies: application of a binomial distribution
model. Ear and Hearing, 7, 246-254.

Blood, G.W. (1985). Laterality Differences in child stutterers. heterogeneity,
severity levels and statistical treatments. Journal of Speech and Hearing Disorders,
50, 66-72.

Bocca, E. (1955). Cited in Bocca, E. and Calearo, L. (1973). Centra hearing
processes. In J. Jerger (Ed.), Modern Developments in Audiology. New York:

Academic Press, Inc.



74

Bocca, E. and Caearo, C. (1963). Centra hearing processes. In J. Jerger. (Ed.),

Modern Developments in Audiology. New York: Academic Press, Inc.

Broadbent, D.E. (1954). Cited in Musiek, F.E. and Pinheiro, M.L. (1985). Dichotic
speech tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and
M.L.Pinheiro (Eds.), Assessment of Centra Auditory Dysfunction. Baltimore:
Williams and Wilkins.

Caearo, C. (1960). Cited in Bocca, E and Caearo, C. (1963). Central hearing
processes. In J. Jerger (Ed.), Modern Developments in Audiology. New York:

Academic Press, Inc.

Cattey, T.J.. (1981). The dichotic lead effect of CV syllables in sensorineural hearing
loss. Journal of Auditory Research, 21,39-44.

Collard, M., Lesser, R, Leudere, H., Rothner, A., Erenberg, G., Hahn, J., Dinner, D.
and Cruse, R (1982) Cited in Musiek, F.E. and Pinheiro, M.S. (1985). Dichotic
speech tests in the detection of Central Auditory Disorders. In F.E. Musiek and M.L.
Pinheiro (Eds.), Assessment of Centra Auditory Dysfunction. Baltimore: Williams
and Wilkins.

Collard, M., Lesser, R, Luedere, H., Rothner, A, Erenberg, G., Hahn, J., Dinner, D.
and Cruse, R (1986). Central auditory tests in patients with intractable seizures.
Seminarsin Hearing, 84, 277-295.

Damasio, H., and Damasio, A. (1976). Cited in Musiek, F.E. and Pinheiro, M.L.
(1985). Dichotic speech tests in the detection of Centra Auditory Dysfunction. In
F.E. Musek and M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.
Baltimore: Williams and Wilkins.



75

DeConde, C. (1984). Hearing impairment in school age children. In R.H. Hull and
K.L.Dilka (Eds), The hearing impaired child in school. Orlando: Grune and
Stratton, Inc.

Dermody, P., Katsch, R.and Mackie, R. (1983). Auditory processing limitations in

low verbal children: evidence from atwo response dichotic task. Ear and Hearing, 4,

272-271.

Dirks, D.D. (1964). Cited in Musiek, F.E. and Pinheiro, M.L. (1985). Dichotic
gpeech tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and
M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction. Baltimore:
Williams and Wilkins.

Flynn, P.A, Danhauer, J. L., Gerber, S. E., Goller, M.C. and Arnst, D.J. (1984).
SSW test performance-intensity functions for hearing impaired adults. Ear ad
Hearing, 5, 346-348.

Ganguly, L. (1996). A dichotic CV test: Normative data on children. Unpublished
Master's dissertation submitted to the University of Mysore.

Ganguly, L., Rajgopal, L. and Yathirg A. (1996). Cited in Rajgopal, L (1996).
Dichotic CV test: Normative data on adults. Unpublished Master's dissertation
submitted to the University of Mysore.

Gdfand, S., Hoffman, S, Waltzman, S. and Pipes, N. (1980). Dichotic CV
recognition at various temporal onset asynchronies. Effects of age, Journal of the
Acoustical Society of America, 68,1258-1261.

Goldstein, R. (1961). Cited in Silman, S. and Silverman, C.A (1991). Auditory

Diagnosis. Principles and Applications. New Y ork: Academic Press, Inc.



76

Harris, V.L., Keith, RW. and Novak, K.K. (1983). Reationship between two
dichotic listening tests and the Token Test for children. Ear and Hearing, 278-282.

Hintze, JL. (1982-1992). Number crunching statistical software verson 5X series,
Utah.

Hodgson, W. (1967). Audiologica report of a patient with left hemispherectomy.
Journal of Speech and and Hearing Disorders, 32, 39-45.

Hynd, G.W., Cohen, M. and Obzrut, J.E. (1983). Dichotic CV testing in the diagnosis
of learning disabilities in children. Ear and Hearing, 4,283-286.

lvey, R.G. (1969). Cited in Katz, J (1994) Handbook of clinicad audiology.

Baltimore: Williams and Wilkins.

Jacobson, J.T., Deppe, U. and Murray, T.J. (1983). Dichotic paradigms in multiple
sclerosis. Ear and Hearing, 4, 311-317.

Jerger, J. (1970). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic speech
tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and M.L.
Pinheiro (Eds.), Assessment of Central Auditory Dysfunction. Batimore: Williams

and Wilkins.

Jerger, J., (1983). Modem developments in audiology. New Y ork: Academic Press.
Jerger, J. and Jerger, S. (1974). Audiological findings in brainstem disorders.
Archives of Otolaryngology, 99,342-350.

Jerger, J. and Jerger, S. (1975). Clinica validity of centra auditory tests.
Scandinavian Audiology, 4, 147-163.



77

Jerger, J. and Jerger, S. (1981). Cited in Musiek, F.E. and Pinheiro, M.L. (1985).
Dichotic speech tests in the detection of Central Auditory Dysfunction. In F.E.
Musiek and Mi. Pinheiro (Eds), Assessment of Central Auditory Dysfunction.

Baltimore: Williams and Wilkins.

Johnson, D.W., Enfield, M.L. and Sherman, R.E. (1981). The use of the staggered
spondaic word and the competing environmental sounds test in the evaluation of
central auditor,- function of learning disabled children. Ear and Hearing, 2, 100-102.

Johnson, J., Sommers, R. and Weidner, W. (1977). Dichotic ear preference aphasia
Journal of Speech and Hearing Research, 20, 116-129.

Katz, J. (1962). Cited in Katz, J. and Ivey, R.G. (1994). Spondaic procedures in
central testing. In Katz, J. (Ed), Handbook of Clinical Audiology. Baltimore:

Williams and Wilkins.

Katz, J. (1968). The SSW test: an interim report. Journal of Speech and Hearing
Disorders, 33, 132-146.

Katz, J. (1970). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic speech
tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and M.L.
Pinheiro (Eds.). Assessment of Central Auditory Dysfunction. Baltimore: Williams
and Wilkins.

Katz, J. (1977). The staggered spondaic words test. In RW. Keith (Ed.), Central
Auditory Dysfunction. New Y ork: Grune and Stratton.

Katz, J. (Ed.) (1994). Handbook of Clinical Audiology. Batimore: Williams and
Wilkins.



78

\

Ratz, J. and Pack, G. (1975). Cited in Musiek, F.E., and Pinheiro, M.L. (1985).
Dichotic speech tests in the detection of Centra Auditory Dysfunction. In F.E.
Musiek and ML. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.

Batimore: Williams and Wilkins.

Keith, RW. (1977). Centra Auditory Dysfunction. New York: Grune and Stratton,

Inc.

Keth, RW., Tawfik, S., and Katbamna, B. (1985). Performance of adults on directed
listening tasks using the dichotic CV test. Ear and Hearing, 6, 270-273.

Kimura, D. (1961a). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic
gpeech tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and
ML. Pinheiro (Eds.), Assessment of Centra Auditory Dysfunction. Batimore:
Williams and Wilkins.

Kimura, D. (1961b). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic
gpeech tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and
ML. Pinheiro (Eds.), Assessment of Centrad Auditory Dysfunction. Batimore:
Williams and Wilkins.

Kimura, D. (1967). Cited in Berlin, CJ, LoweBdl, S.S., CullendK. ad
Thompson, L.L. (1973). Dichotic speech perception: an interpretation of right ear
advantage and temporal onset effects. Journa of the Acoustical Society of America,
53, 699-7009.

Lortie, J., Lassonde, M., Ptito, M. (1981). Cited in Musiek, F.E. and Pinheiro, MX.
(1985). Dichotic speech tests in the detection of Central Auditory Dysfunction. In
F.E. Musiek and M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.

Batimore; Williams and Wilkins.



79

Lynn, G.E., Benitez, J.T.. Eisenbrey, A.B., Gilroy, Jand Wilner, H.l. (1972). Neuro-
audiological correlatesin cerebral hemisphere lesions. Audiology, 11, 115-134

Lynn, G. and Gilroy, J. (1972). Cited in Musiek, F.E. and Pinheiro, M.L. (1985).
Dichotic speech tests in the detection of Central Auditory Dysfunction. In F.E.
Musiek and M.L. Pinheiro (Eds), Assessment of Central Auditory Dysfunction.

Baltimore: Williams and Wilkins.

Lynn, G. and Gilroy, J. (1976). Cited in Willeford, JA. and Burleigh, JM. (1994).
Sentence precedures in central testing. In J. Katz (Ed), Handbook of Clinical
Audiology, Baltimore: Williams and Wilkins.

Lynn, G. and Gilroy, J. (1975). Cited in Willeford, JA. and Burleigh, JM. (1994).
Sentence precedures in central testing. In J. Katz (Ed), Handbook of Clinical
Audiology, Baltimore: Williams and Wilkins.

Lynn, G. and Gilroy. J. (1977). Evauation of Central Auditory Dysfunction in
patients with neurological disorders. In Keith, R. (Ed), Central Auditory
Dysfunction. New York: Grune and Stratton.

Mazzuchi, A. and Parma, M. (1978). Responses to dichotic listening tasks in
temporal epileptics with or without clinicaly evident lesions. Cortex, 14, 381-390.

McClellen, M., Wertz, R., Collins, M. (1973). Cited in Musiek, F.E., and Pinheiro,
M.L. (1985). Dichotic speech tests in the detection of Central Auditory Dysfunction.
In F.E. Musek and M.L. Pinheiro (Eds), Assessment of Centra Auditory
Dysfunction. Baltimore: Williams and Wilkins.

Moore, W.H. J. and Haynes, W. (1980). Alpha hemispheric asymmetry and
stuttering: Some support for a segmentation dysfunction hypothesis.  Journa of
Speech and Hearing Research, 23, 229-247.



80

Musiek, F.E. (1983a). Assessment of Central Auditory Dysfunction: the dichotic
digit test revisited. Ear and Hearing, 4, 79-83.

Musiek, F.E. (1983b). Results of three dichotic tests in patients with intracranial
lesions. Ear and Hearing, 4, 318-323

Musiek, F.E., and Guerkink, N. (1982). Auditory brainstem response (ABR) and
central auditory test (CAT) findings for patients with brainstem lesions. a preliminary
report. Laryngoscope, 92, 891-900.

Musiek, F.E., Kurdzie-Schwan, S., Kibbe, K.S., Gollegly, K.M., Baran, JA. and
Rintelmann, W.F. (1989). The dichotic rhyme task: resultsin split brain patients. Ear
and Hearing, 10, 33-40.

Musiek, F.E. and Morgan, G.J. (1981). The use of central auditory tests in a case of
vasculitis. Ear and Hearing, 2(3), 100-102.

Mueller, H.G., Beck, W.G., and Sedge, R.K. (1987). Comparison of the efficiency of
cortical level speechtests. Seminarsin Hearing, 8,279-288.

Niccum, N., Rubens, A. and Speaks, C. (1981). Effects of simulus material on the
dichotic listening performance of aphasic patients. Journal of Speech and Hearing
Research, 24, 526-534.

Niccum, N., Speaks, C, Katsuki-Nakamura, J. and Tasell, D.V. (1987). Effects of
stimulated conductive hearing loss on dichotic listening performance for digits.
Journal of Speech and Hearing Research, 52, 313-318.

Obzrut, J.E., Hynd, G.W., Obzrut, A. and Leitgeb, J.L. (1980). Time sharing and
dichotic listening asymmetry in norma and learning disabled children. Brain and
Language, 11,181-194.



81

Olsen, W.O. (1983). Dichotic test results for norma subjects and for tempora
lobectomy patients. Ear and Hearing, 4, 324-330.

Olsen, W.O. and Kurdziel, S. (1978). Cited in Musiek, F.E., and Pinheiro, M.L.
(1985). Dichotic speech tests in the detection of Central Auditory Dysfunction. In
F.E. Musiek and M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.

Baltimore: Williams and Wilkins.

Oxbury, J. and Oxbury, S. (1969). Cited in Mueller, H.G. and Bright K.E. (1994).
Monosyllabic procedures in central testing. In Katz, J. (Ed.), Handbook of Clinica
Audiology, Baltimore: Williams and Wilkins.

Phillips, DP. (1993). Cited in Chermak, G, and Musiek, F. (1993). Central Auditory

Processing Disroders. California Singular Publishing Group, Inc.

Phillips, D.P. (1995). Cited in Chermak, G. and Musiek, F. (1995). Central Auditory

Processing Disroders. Cdiforniac Singular Publishing Group, Inc.

Pinheiro, M.L., Jacobson, G.P. and Boiler, F. (1982). Auditory dysfunction following
a gunshot wound of the pons. Journal of Speech and Hearing Disorders, 47, 296-300.

Rajgopal, L. (1996). A dichotic CV test: Normative data on adults. Unpublished
Master's dissertation submitted to the University of Mysore.

Rintelmann, W. and Lynn, G. (1983). Cited in Musiek, F.E., and Pinheiro, M.L.
(1985). Dichotic speech tests in the detection of Central Auditory Dysfunction. In
F.E. Musiek and M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.

Baltimore: Williams and Wilkins.

Rodriguez, G.P., Di Sarno, N.J. and Hardiman, CJ. (1990). Central auditory
processing in norma hearing elderly adults. Audiology, 29, 85-92.



82

Roeser, R.J., Johns, D.F. and Price, L.L. (1976). Dichotic listening in adults with SN
hearing loss. Journal of the American Audiologica Society, 2, 19-25.

Roeser, R.J., Millay, K.K. and Morrow, JM. (1983). Dichotic CV perception in
normal and learning impaired children. Ear and Hearing, 4, 293-299.

Rosenfield, D.B. and Goodglass, H. (1980. Dichotic testing of cerebra dominance in
stutterers. Brain and Language, 11, 170-180.

Schulhoff, C. and Goodglass, H. (1969). Cited in Musiek, F.E., and Pinheiro, M.L.
(1985). Dichotic speech tests in the detection of Central Auditory Dysfunction. In
F.E. Musiek and M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction.

Batimore: Williams and Wilkins.

Shankweller, D. (1966). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic
gpeech tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and
M.L. Pinheiro (Eds.), Assessment of Central Auditory Dysfunction. Baltimore:
Williams and Wilkins.

Shankweller, D. and Studdert-Kennedy, M. (1967). Cited in Muédller, H.G. and
Bright, K.E. (1994). Monosyllabic procedures in central testing. In Katz, J. (Ed.),
Handbook of clinical audiology, Baltimore: Williams and Wilkins.

Shankweiler, D. and Studdert-Kennedy, M. (1970). Hemispheric specialization for
gpeech perception. Journal of the Acoustical Society of America, 48,579-594.

Siegenthaller, B. and Knellinger, L (1981). Dichotic listening by brain-injured adults:
observation of divergent test responses. Journa of Communication Disorders, 14,

399-409.



83

Silman, S. and Silverman, C.A. (1991). Auditory Diagnosis: Principles and
Applications. New Y ork: Academic Press, Inc.

Sparks, R. and Geschwind, N. (1968). Cited in Mueller, H.G. and Bright, K.E.
(1994). Monosyllabic procedures in centra testing. In Katz, J. (Ed), Handbook of
Clinica Audiology, Baltimore: Williams and Wilkins.

Sparks, R., Goodglass, H.and Nichel, B. (1970). Cited in Musiek, F.E., and Pinheiro,
M.L. (1985). Dichotic speech tests in the detection of Central Auditory Dysfunction.
In F.E. Musek and M.L. Pinheiro (Eds), Assessment of Centra Auditory

Dysfunction. Baltimore: Williams and Wilkins.

Speaks, C. (1975). Cited in Musiek, F.E., and Pinheiro, M.L. (1985). Dichotic speech
tests in the detection of Central Auditory Dysfunction. In F.E. Musiek and M.L.
Pinheiro (Eds.), Assessment of Central Auditory Dysfunction. Baltimore: Williams
and Wiikins,

Speaks, C, Bauer., K.and Carlstrom, J. (1983). Peripheral hearing loss: Implications
for clinical dichotic listenening tests. Journal of Speech and Hearing Disorders, 48,
135-139.

Springer, SP. and Gazzaniga, M.S. (1975). Cited in McNeil, M., Petil, J. and Olsen,
W. (1981). Ipsilateral auditory pathway suppression in dichotic CV speech
perception: Evidence from error analysis. Journal of Speech and Hearing Disorders,
46, 87-90.

Stephens, S. and Thornton, A. (1976). Subjective and electrophysiologic tests in
brainstem lesions. Archives of Otolaryngology, 102, 608-613.



Studdert-Kennedy, M., Shankweller, D. and Schulman, S. (1970). Opposed effect of
a delayed channd on perception of dichotically and moncticaly presented CV
syllables. Journa of the Acoustical Society of America, 48, 599-602.

suIT, R, Allen, A. A. and Mueller, H.G. (1986). Effects of monaura hearing aid use
on dichotic test results for individuals with high frequency hearing impairment.

Journal of Speech and Hearing Disorders, 51,161-169.

Waxier, B. and Halwes, T. (1983). Increasing the power of dichotic methods. the
fusad rhymed words test. Neuropsychologia, 21, 59-66.

Willeford, J. (1968). Cited in Willeford, J. (1977). Assessing central auditory
behaliour in children: atest battery approach In RW. Keth, Ed. Centra Auditory
Dysfunction. New York: Grune and Stratton.

Willeford, J. (1978). Sentence tests of Central Auditory Dysfunction In J. Katz (Ed),
Handbook of Clinical Audiology, Baltimore: Williams and Wilkins.

Yathirg, A. (1994). Dichotic CV test. Developed at the Centrd Institute for the Dedf,

<. Louis.

Yathirg, A. (1999). Dichotic CV test-revised. Developed at the All India Institute of
Speech and Hearing, Mysore.



APPENDIX A

SCORING SHEET

Date:
Name: Mother Tongue:
Age/ Sex: Other Language(s):
Education: Socio-economic Status:

AUDIOLOGICAL INVESTIGATION:

EAR FREQUENCY IN Hz
250 500 | 1000 | 2000 | 4000 8000 | PTA | SRT  PBMax
Rt.
Lt.
BC

Monotic Scores (%):

Riaht ear: Left ear:

Dichotic Scores (%):

R L R L R L IR L R L




APPENDIX It

RESPONSE SHEET

BB':BOOO\ICDmwaH
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1 [PA TA |[KA BA DA (A
2 |PATA KA BA DA A
3 |PA |TA [KA |BA DA (A
4 |PA TA |[KA |BA DA (A
5 PATA KA BA DA A
6 PA TA KA|BA DA (A
7 PATA |KA|BA DA (A
8 PA TA KA BA DA (A
9 PATA| KA |BA DA A
10 PA |TA |[KA |BA DA | GA
N PA|TA KA | BA DA |GA
12 PA | TA KA BA DA | GA
13 PA | TA KA BA DA | GA
14 PA | TA KA BA DA | GA
15 PA  TA KA|BA DA GA
16| PA|TA KA BA DA (A
17| PA | TA | KA BA| DA GA
18 PA|TA| KA|BA DA | GA
19 PA|TA| KA/ BA/ DA GA
20 PA|TA KA BA DA (A
21 | PATA| KA BA DA | GA
22| PAITA KA BA| DA| GA
23 PA|TA KA/ BA| DA GA
24 PA|TA| KA BA| DA| A
25 PAITA KA BA/DA| A
26 PA| TA| KA| BA DA GA
27 PA| TA| KA BA| DA | GA
28| PA| TA| KA| BA| DA| GA
29 PA| TA| KA| BA| DA| GA
30 PA|TAl KAl BA| DA| GA




