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CHAPTER |

INTRODUCTION

The basic purpose of an audiological evaluation
IS to obtain information, to identify an auditory dis-
order,to assessthe degrees of handicap and provide a plan
for the management of the auditory disorders. One fails to
achieve the above mentioned goals in the hearing evaluation
of children because testing young children is often diffi-
cult? frustrating; and challenging to ari audiologist;
most of the auditory tests are standardized primarily
on an adult population. This lead to the development of

anew era.in the field of audiology: '‘Paediatric Audiology;'

The primary concerns of paediatrics audiology are:
identifying, measuring, defining; and solving the hearing
' problems in young children. The measurement of

hearing function has been the biggest problem for an au-
diologist as well to others, who are involved in the child
health care like otolaryngologists, paediatricians, speech

pathologists, neurologists and the rehabilitators.

Paediatricians are concerned with how they can
identify early deafness in babies and what can be done
for such children. Otolaryngologists want to learn the

techniques of testing such a population and what the



11

audiological manifestations are; the audiologists are
interested In the 'how of testing young children and
the relationship of the auditory findings in different
pathologies; and ultimately the rehabilitation people
wat to kow howv to relate audiological data with the
expectations of hearing Impared children with wiham
they work. The importance of assessment can be under-
stood by analyzing the various consequences of an un-
detected and untreated hearing loss. The hearing loss
will have an impact on all the aspects of growth ad
devdopment of a child, if not identified axd remedied.

Hearing imparment in a child impedes the
attainment of his best potential language function;
constricts the personality development, gives rise
to aberrant emotional behaviour and culminates educa

tional achievement.

Even a minima loss of 25 dB in the early years
of life has been reported to have a pro-found effect
upon the speech and language development. This is
because there exists critical periods for the deve
lopment of language function and a deprivation of the
auditory impact will impede the acquisition of amost

all aspects of the language, that is syntactic, semantic
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and vocabulary (Young and Mc Conell (1957), Streng (1953)
Nunnally and Bleurton (1960), Cooper (1967) and Quigley
at al (1976).

Therefore, unless the hearing loss is recognized
early, their attainment of future success will be in
Jeopardy. To give every possible benefit for then,
an accurate diagnosis of the problems is imperative.

In the recent past, a number of tests have been
developed for the diagnosis of hearing loss. [Initially
only very gross measures were employed, which did not
give information regarding the hearing function and
for differential diagnosis of hearing impaired children
from others' disabled children. In order to choose an
appropriate remedial program differential diagnosis in
children is a must.

With the advancement of computer technology, the
evaluational techniques for children has improved
tremendously.

The purpose of this review is to provide a
synthesis of the past and current knowledge about the
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auditory stimuli and tests that effectively assess the
hearing sensitivity ad differentiates abnomal fram

nomal auditory function in paediatric population.



Screening is the process of applying to large number
of individuals certain rapid, simple measurements that will
identify these individuals with a high probability of dis-
orders in the function tested (Northern and Doms 1974).

The screening procedures can be considered as the initial

step in administering broader hearing conservation programmes,
especially that of providing the mos efficient and earliest
possible detection of all hearing losses that require medical
or eductional treatment (Mencher 1974 ). Disagreement exists
as regards the practicability and reliability of screening prog-
ramme and whether there is a need to conduct them or not has
been debated. But the need for screening can be established
from the medical, audlological axd educaltonal point of view.

Rom the medical noint of view, the detection of hearing
loss at birth offers an opportunity for early medical treatment
and a source of valuable information on the etiology of hearing
problems. Pom the educational and audiological point of view,
early detection provides the opportunity to initiate the auditory
rehabilitation progranme at an age which is optimal for learning/
development of hearing function (Goodhill, 1967 ). According to
Goodhill (1967) the rehabilitation should be initiated before
the child is 6 months old. Thus all these point to the need

for screening programmes.
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The goal of screening programme is to identify all
children who have a significant hearing loss (Goodhill 1967).
The goals of the screening programmes as enumerated by
Mencher are:

1. Maintenance of an optimum state of health.

2. Conservation of humen resources and optimum func-
tioning of the individual irrespective of the
type of handicap.

3. To teat large number of subjects.

4. Screening is not an ed in itself, as ‘follow-up’
is the man thing for- - a successful screening
programs.

5. To get mnmum number of falsa positive and false
negative responses.

6. To conduct screening programmeusing | ongi tudi nal approach.
7. To counsel the family, community services, to
bettsr deal vith - diagnosis (Mencher 1976 ).
™o more precautions given by Menche ( 1976 ) ae
the screening programmes should be established on the largest
possible number of children. The second point is that "money
spent for the prevention of hearing or early identification

and treatment of a problem is money and time saved.”"(Mencherl976).

The screening programmes are not the province of a single
professlon. The program must be a joint effort of all pro-
fessions (Otology, Pediatrics, Public Health Nursing ad
Audiology) with appropriate referral and ultimate management
predicted on the etiology, prognosis and types of treatment

required.
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The screening is best conducted in well baby clinics
(Goodhlll and Tell, Lini and FBinraesser & others), due to manly the
availability, But Nikaem and Dhamag ( ) observed the
acoustically treated rooms to give the best results while screen-
ing infants. The time of screening should confirm to nursery
routine. The opimum time is given to be 45 minutes to one hour,
before the next feeding (Goodhill (1967) The child during this
stagewill not beindeep sleep whichisusually seen after feeding or

in fretful state, seen immediately preceding the next feeding.

The state of the infant prior to stimulation also has
a mgor influence on response, judgement (which has been discussed

|ater).

The type of stimuli and procedure used also influences

the response occurrence ad judgement. Pure tones and noise

makers are the most commonly employed stimuli pure tone screening
also, different procedures have been employed for screening.
Even speech and impedance audiometry have been found to be of
value in the screening programmes,

A brief review of the contribution of each of the above mentioned

screening program will be discussed.

Noise makers have been used to screen babies. First
thebaby or thechildismadetositonitsmother'slapsand noisemakers

are presented.
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Most commonly used noise makers are squeekers, horns, bells,
rattlers, drum etc. along with vocal sounds. The precautions that

should be taken while testing by noise makers are as follows:

1. The intensity and the duration of the stimulus

parameters should be maintained for each trial.

2. The distance between the ear and the source should

be maintained at a constant level.

3. Should know the frequency characteristics of all the

noise makers being used.

While screening with noise makers, the clinicians
should (1) cover a wide range of frequencies, (2) cover wide

range of intensity and (3) not provide any visual cues.

Thefrequency characteristi cshasbeen established for somenoise

makers, which will be enumerated here:

1. Small bell gives a high frequency response
around 4000 Hz at 21-35 dB at a distance of 3" when wrung
loudly 45 or 50 dB HL.

2. Plastic Block or Rattle peak : 100) Hz, intensity:
45 to 55dBL.

3. A Rubber squeeker key 1000Hz peak or 2000 Hz at
45 dB SPL; when crushed: 40 to 50 dB at 1 KHz

4. Loud squeeze toy: all frequsncies with 50-85 dB SAL

5. Tissue paper: 40-50 dB 1KHz and higher.
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The noise makers should be held motion less within
3 inches of the baby's ears for atleast 10 seconds before making
the sound. The waiting period is necessary to obviate any
response due to the hand's location in respect to the light
sources or to any air movement. Sheridan (1957) has suggested
to vary the distance as age varies. e has suggested to hold
the noise maker at 30" at 6 months to 39" at 9 months. She
explained that differences in hearing or distance hearing as due to
the incomplete experience of the infants with sounds,and to his
ability to discriminate foreground from background noises. The
output of the loudspeaker 3 to 4 feet from the infant's ear was
not proved effective. A typical testing sequence with stimulus
presentation and the intensity levels is as follows:

The noise makers should be presented for about 30 seconds
and observe the child's response. Then should wait until the
child resumes his original state before presenting the next
stimuli. The responses should be judged with respect to the
type and intensity of stimuli being presented. (Ewing (1944).

In this technique the mother holds the baby in her lap
supporting him under the am and holding him away from her body.
This position is chosen as it permits the child to move freely.
The observer sits in front of the child and attracts and holds
his attention. The tester standing behind the mother then attempts
to distract the child's attention by presenting auditory stimuli
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out of the range of child's peripheral vision. Visual comnuni-
cation between the tester and child is to be avoided. The
following distractions were presented at a distance of 4 to
5ft. at intensity of 30 to 40 d3 (ref, 0.0002 2 dynes/cm?).
1. ngh fre(wency range; wherein unvoiced consonants
p, t) were presented.

2. Mlddle frequency range wherein rattle, china cup
and metal spoon were used.

3. lI]csxgdfrequency range: voice rattle, xylophone were

The above stimuli were presented alternately to left
and right ears. The procedure was as follows: If the child
responded to the sound, then the stimuli and ears were changed.
On the other hand if the child did not hear the sound, then
the same sound was presented to the other ear. Each correct
response was rewarded, the reward was allowing him to see the
stimuli. The observer's task was to maintain the attention of
the child as well as to observe and record the responses. The
responses to be observed were (1) Turning- of eyes towards
the tester. (2) Looking up at the observer, (3) Stopping activity
or becoming active, (4) Looking up at the mother, (5) Widening
of eyes, (6) Turning his head slightly. If the child passed the
test, then the parents were informed of it. On the other hand,
if the child failed then he was referred for other evaluations
and followed up. The validity of the test was found to be
dependent upon the (l) skill of the observer, in the interpreta-
tion of the responses, (2) ability of the tester and the knowledge

and experience of the tester.
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Theother stimuli which has been widely used for
screening is pure tones. But the question that has not been ans-
wered is, the number and the combination of pure tones to be
employed in screening. A number of investigators have conducted
studies regarding this aspect (House and Glorig, 1957,1958)
Stevens and Davidson, 1959 ; Hanley and Gaddie 1962 ; Miller
and Bella 1959)

The man controversy Is regarding the
use of single/more nuaber of frequency in a screening programme.
Bouse and Glorig coapared the single and sweep frequency screening
proceduresininfantsand found a sucess of 30% with singlefrequency
audiometry. Stevens and Davidson (1959) also have compared
the two procedures, that is single (4 KHz and sweep frequency
audlosetry and concluded, that single frequency as not as
efficient as the sweep frequency audiometry and a combination
of 500 Hz and 4 KHz was suggested as better compared to 4 KHz
alone.

Miller and Bella (1959) screened children at 500, 1K,
2K, 4K and 3 KHz and found the 3 frequency average, 1K, 2K and
4KHz to give the best results. The percentage error was only
3% for the combination of 1K, 2K and 4KHz whereas for other
combinations the error was as follows: Only 4KHz - 39% ;
2K-4KHz- 46.2% ; 1K-4K - 9.4%. All frequencies except
XHz - 15.4%, Thus the data clearly indicated that a single
frequency would not be of much help in any screenlng-programme.
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But some investigators have recommended the use of single
frequency audiometry using a4 KHz. tone - in screening
programme (Glorig and House, 1957,1958; vaclan and
for (1954); Hanley and Goddie (1962). The reasons enumerated
by the investgators for recommending 4 KHz for

screen programe.

1. the 4 KHz screening saves time as it can be accomplished

within 5 to 10 Seconds. _ _ _
2. This causes less disturbances in the daily routine

espcialy, in public school audiometry.

3. It results only in 10% error and the accuracy
was observed to be 99.5% (Walkan and For 1957:
Glorig and House (1957,1958)

4) thiscanbeadministerdwith case, causesless
fatieue and does not require much skill,

5. It can be employed for testing children younger
Than 3 years of age.

6. this in minimally effected by noise, and

7. itisinexpensive.

The difference of opinion existing, can be attributed to::

1. differences in depend concerning the acceptance of
false negative compared in false postive responses:

2. insufficient data, and

3. ar inability to compare one study with another
due to diversity in situtations of the study.

The main drawback of pure tone screening is, it does not provide much information
regarding the condition of the Middle Ear. Even in the pressure of Middle Ear pathology
one can pass in the pure tone screening test. Thus while in perting the data obtained from
such screening test. one should be very cautions.
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SECTION 2.

BEHAVIOURAL OBSERVATION AUDIOMETRY (BOA):

BOAinlocalisation procedure which may or may not include
response consequation (Fulton, 1973), It refers to the audio-
logist's attempt to elicit observable responses to sound. The
responses may be either reflexive (respondents) or voluntary
(operant) which are temporally related to the auditory stimulus.
In this various stimuli are presented through speakers
which are placed at an angle to the child and behavioural responses
following stimulation are observed. In 30A various auditory sti-
muli, stimulus controls, test situations,
response reliability and response criteria are used (Fulton and
Lloyd (1975). For the BOA to be successful in identifying the
problems, the examiner should have some prerequisite skills,

which can be summarised under the following heads:

1. Control of Behaviour: The observer should have the

ability to direct the child's activity in the required direc-
tion especially in the difficult to test population like hyper-

active destructive children.

2. Control of environment: The examiner should be able

to minimize the auditory and visual distractions in the test

environment,

3. Choice of material; The examinee should have the

ability to select toys which are neither too distracting nor

very interesting, but which can drawv the attention of the
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child temporarily to a sufficient degree.

4. Stimulus presentation; The examiner/clinician

should present the stimulus, without providing any non-auditory
cues and should move from simple to complex stimuli, so as to

maintain the motivation of the child. The same stimuli should
not be presented over and over again as this will lead to adap-

tation and fails to hold the child's attention.

5. Choice and interpretation of responses

The task- should not be too time consuming and should
be able to isolate the desired responses from the unwanted res-
ponses. The desired response should be encouraged and should
facilitate generalisation. For this, reinforcement should be
provided for the desired response. In the interpretation of
response, one has to see whether there is a total unresponsive-
ness on the part of the subject. This implies a problem, other

than deafness.

6. Test environment : The examiner should be able to

measure the ambient noise at the time of the test.

In BOA various stimuli has been utilised, but the most

commonly used are speech or complex sounds produced by noisemakers.

Unfamiliar and familiar stimuli have been used in 30A.
Sore of these are: Rattle, Cracker, Squeezer, Laugh, Cry, White
noise, Narowband noises, Warble-tone (Marquis, 1931; Doms and
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Sterritt, 1967; Hardy, Gerber, Miller and Swain, 1976). Marquis
(1931) hasrecommendedthe use of different stimuli for different
age groups: For infants - birth to 4 months, noise makers have
been suggested. For infants of 4 to 7 months old, Speech stimuli
and for infants of older than 9 months, pure tones have been
recommended. 3ut some advocate the use of warble tones (Orchik
and Rintelmann, 1975; Swain and White, 1933; Hardy, 1953; L an-
genback, 1965; Aockune and Robinson, 1975). Various reasons have
been givenfor the preference of warble tones to other stimuli.
These are: that if provides a psychological advantage by reducing
fatigue and uncertainity for the tester (Swain and White, 1933).

According to Hady (1958) Warble tones draws the attention
of the child. Langenback (1965) states that "a fluid character is
added by warble tones which excites the child's attention and
keeps it awake." Thus the warble tones have been said to have
attention drawing, excitable and awakening characteristics.

But all the above data was based on experience ad observation
and not on experimental basis. Owa Robinson and Vauglon(1975)
studied the relative efficiency of puretone and warble tones,

in the testing of children. They did not observe any difference
between the efficacy of pure tones and warble tones in young
children. Bench, Collyer, Mentz and Wilson(1976) conducted

a series of experiments, in studying the behavioural responses
of infants of different ages to acoustic stimuli. The following
parameters were taken: (1) effects of different prestimulus
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activity states; (2) the effectiveness of different stimuli in
eliciting response; (3) any differences in the assessment when
different segments of the baby's body was observed.

The above mentioned parameters were studied in Infants
of 6 weeks, 6 months and older than 6 months. The results of
the series of experiment conducted were as follows: the tonal
stimuli was ineffective in all age groups compared to Broad
band noise. The cues to judge the response to tonal stimuli
differed with the body segments for younger and older children.
In the 6 months old infants, human voice stimuli enhanced res-
ponses. The state of light sleep was preferred for the younger
age group and for the older age group, the wakeful state was
preferred. Thus pre-stimulus state has been found to have an
important influence on the response determination. Large
differences were noticed for the different body segment
in the 6 months but not in other infants. In younger infants
the response was usually a gross, pasoxysmal startling reflex
but in 6 months old infant, the head turning v response was
characteristic.

No concensus has been observed in the discussion
about the applicability of various auditory stimuli to different
age groups among children. But as has already been stated, noise
makers and speech are employed most often in the clinical set ups.
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The state of the infant prior to stimulation has also
been found to play a significant role in the elieitation of
response to auditory stimuli. In this area also, investigators
have failed to give a single state which can be considered

as the optima state.

Prestimulus satee A numbe of studies have been con-

ducted to investigate the influence of prestimlus state on

the behavioural response of the child subsequent to stimulation
(Eisenberg, 1964; Ashton, 1971; Ling et al, 1970; Hutt et al,
1968; Langford and Bench, 1975).

Eisenberg (1964) observed neonates in states of deep
sleep, light sleep, less than full wakefmliness and full wakeful-
ness with alertness. The response was found to occur frequently
in the light sleep stage (/0 ad least in the full wakefulness
state(59%0).

Baxh and Boscak (1970) have also reported of madnmum
responses during the light sleep stage. But in contrast to the
above two studies; Aditon (1971) Ling et a (1970) Hutt et a
(1968) have reported of madnum responses in the wakeful state
compared to any stage of sleep in neonates. Langford and Beaxh
and Wilson (1975) on the other hand did not observe any signi-
ficant effect of pre stimulus activity on the neonates responses
judgements. The effect of state was observed to interact with

the type of stimuli presented. For stimuli which elicited a
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high proportion of responses, the prestimulus activity had very
little effect but for the sounds which elicited few responses;
the prestimulus activity had a significant effect. Bench, Lang-
ford and Wilson (1976) studied the effect of pre stimulus acti-
vity in 6 week and 6 month old infants. They observed a decrease
differential effect of pre stimulus activity on different age
groups. This differential effect was related to the type of
response manifested by these subjects. The more localized the
response, the lesser is the influence of pre stimulus activity
on response judgement. But in general in all 3 age groups a
decrease in the false positive response occurred with a decrease
in the prestiaulus activity level.

Thus while discussing the effect of prestimulus activity
on the response judgement, one should take into consideration
the type of stimuli being used as well as the type of response
being measured.

The effect of pre stimulus duration on the response
judgement has been studied by may investigators (Connolly and
Strattoa, 1969 ; Ling et al , 1970 ; Butt and Butt, 1970 ;

Ashton, 1971 ; Langford Bench and Wilson (1975). Each investi-
gator has recommended different durations for measuring prestimulus
activity. Longford, Bench and Wilson (1975) did not find any



2.2.6

effect of prestimulus duration on response Judgements in neonates
as well as in infants of 6 months of age, \We are back, at where

we started the discussion, that is still uncertain regarding the

stimuli to be used in 30A)

The type of responses to stinull are quite varied. The
responses may be halting body movements, an increase
in body movement, a localizing response, engaging in rhythmical
activity, changes in the facial expression, and various reflexive
actions, Like audio Oculogyric Aeropalpebral or cochleopabral

and Moo  reflexe

Different testshave been developed by taking different types
of behaviour as an index of response. These are : (1) Awakening
test; (2) Auropalpebral test ; (3) Hearometer; (A) Crib-O-Gram;
(5) Reflex Inhibition Audiometry: (6) Suck test; (7) Cry testj
(3) Swing & Ewing test;(9) Doms and sterrit test. A brief description

about each of these tests will be given in this section.

1. Ewing and Swing (1951,) Developaental Tests of hearing

Swing and Ewing (1951) contend that at different stages
of development of the child, specially during the first year of
life, tests which measure different responses should be employed.
This is because, as the child grows, the response to sound also
becomes more and more specific. Thus a particular response
indicates the stage of development hearing that an infant

has reached.
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A list of tests that are appropriate for different

age groups can be foraed based on the maturation of auditory

behaviour in children.

QUIET
LOUD SOUNDS Unfamiliar
I.Ilmmediate post- Reflex startle
natal period occurs. This
response is not
infallible and
further tests nil
should be mede
atl ater stage.

1. 4-5 months Variable degree May sounds
of inhibition unfamiliar
of startle re- looks only
flex. once.

I11. 6-8 months. Inhibition of Very few
startle.Usua- sounds are
Ily complete, unfamiliar.

mey be one
response

SOUNDS
Familiar

nil

A few sounds
familiar.
Looks Rt.
Lt.

Localizes
sounds.

Therefore by considering the above given data as

reference, one can Judge the response accurately.

For

children above one year, a failure in speech acquisition

will be an indication of hearing loss.

Thus the knowledge

about the maturation of the auditory behaviour is a must

for evaluating child's responses to test stimuli.
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2. Doms and Sterritt (1964) Screening Test:

They reconroend tearing screening for all newborns and
infants. Three aspects of infant testing are controlled or
defined as accurately as possibles (1) The stimulus;

(2) The duration of response, and (3) The infant's state
and condition.

1. The stimulus: Two types of stimulus were used.
First a broad band noise was presented at SPL's of 70, 80,
90 and 100 dB through loud speakers. This type of stimulus

elicited a generalized response.

The second was a narrow band filtered noise, peaking
a 3 KHz with energy between 2500 and 3000 Hz presented at
the same SPL's, The 3 KHZ tone was presentedto differentiate

cases with better
hearing in the low frequencies than high frequencies.

The noise was used as a signal because of the following
reasons: This provides (1)greater accuracy of measurement and con-
trol in a sound field (2) problem of standing wares is minimized
(3) more effective than pure tone in eliciting and sustaining
the continuation of the interaural muscles activity. The use of XHz
aided in differentiating hereditary congenital from non-heredi-
tary congenital loss. To increase in-ter Judge agreement, rating
scales and rigid definition of response categories were applied
to the various parameters of the infant's responses.
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The following table gives the comPIete description of
Stimulus_and response parameters of the Doms and Ste-
rritt (1964) screening test:

Parameter Description Code

Time variables Duration of response Seen from beginning
Latency of response  of response.
Seen following .
signal presentation.

Site of observed Bye

responses Entire body(Moro-
Reflex )Cessat ion
of body activity.
Limb movement,
Head turn, towards
away from stimulus
Facial grimmacing
Mouth Sucking.

—A O=m

Q
>

Intensity of No response

Response _
Questionable
Clear but wesak

Strong

a P W N R W

Paroxysmal

The prestimulus states of the child, the drugs
administered/to the ielivery, the familial history of deaf-
ness or other problems and the prenatal history of the
infant, has been given importance in this screening test.

The prestimulus states were classified as follows
and were given codes:
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Condition Description Code

Observed state  Sleeping quiet SQ
Sleeping Grimmcing SG
Sleeping moving M
Aweke quiet AQ
Awake-Grimmacing AG
Awake-moving AM
Drowsy DR
Fretful FR
Crying CR

The authors have recommended the use of instrumental

recording to measure the response accurately.

3. Awakening Test:

This was prepared by Wedenberg (1956). He suggested
the presentation of tone pulses at 3kHz at 75 dB SL to aweke from
light sleep. The criteria of response are : movements of eyelids,
changes in heart rate and general body movements. The rationale
for using 3KB* is that, adequate hearing at 3 KHz predicts the
audibility to speak normally, given normal intelligence. The
stage of sleep is monitored by stroking the eyelash with a
finger. If a reflex movement of the eyelid can be elicited,
a negative reaction to the tone, that is failure to wake

within one minute constitutes a valid result.
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4. Auropalpetralble Reflex (APR):

APR was used mainly for differential diagnosis. This
reflex comprises of a rapid and distinct closing of the eye-
lids in response to tones of high intensity under standard
conditions. The stimuli used is pure tones ranging from 500
to 4000 c/s frequencies at SPLs between 105 and 115 dB
re. 0.0002uv. This aids in differential diagnosis between
retrocochlear and eochlear, as in retrocochlear and conductive

losscases, the APR willoccur at levels as in the case of normals.

The APR has also been measured using different stimuli.
Northern and Downs (1974) have made use of broad band noise,
at levels of 50 to 70 dB SPL in a quiet room, observed this
reflex, and for Speech, the APR was obtained at 55-75 d3 SPL,
For warble tones it was seen around the level 55-90 d3 SPL.
Thus, compared to pure tones, all the other stimuli elicited

APR at almost the same level.

Other differentiation between retrocochlear and cochlear
is, in retrocochlear or conductive loss cases, an audio gram
can be plotted using this response but in cochlear loss cases,
this has not been possible because of the irregularity intro-
duced by recruitment. Thus basically this test is for differen-

tial diagnosis and threshold determination is not possible.
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5. Hearometer:

IS an Instrument used in neonatal hearing testing by
Griffiths (1965). Here a loud speaker is placed over the
sleeping infant and interrupted pure tones of varied frequen-
cies and intensities are delivered from it. The satisfactory
response is the awakening of the Infant froa sleep. This
again cannot be used such for the determination of threshold.

6. Crib~O-gram

This was developed by Smmons (1976). This is a
machine which records the responses following the presentation
of stimulus. This device consists of a motion- sensitive trans-
ducer attached to a bassinet and a graphic recorder which records the
measured motion as well astiming signal generating equipment.
Prior to each test a 10 seconds prestimulus recording of bassinet
ability is obtained and then recording is done for 6 seconds
following the presentation of stimuli. This cycle is repeated
at desired intervals. It also includes control periods, where
recording without the presentation of the signalwas done. The
scorer of the response is to be ignorant of the events which
comprises of control periods. This device was used to screen
neonates in normal nurseries. Out of 7615 neonates screened,
777 failed on this test and a majority of infants gave reliable
responses especially when measured during light sleep stage of
sleep.
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Thus, this device can be used for (1) aass screening and
(2) for individual testing in intensive care unit/preventive
measures.

The sound stimulus is presented at 92 dB for 1 second, for
about 10 seconds and response measured for 6 seconds post sti-
mulus. To avoid the startle response in other personnel, a
prestimulus is presented at 40 dB, at 4 KHz About 20 tests
could be done in 24 hours. Scoring has been easy. Any change
in the ongoing crib activity within 2 seconds after the sti-
suluspresentationistakenaspositiveresponses. Thereliability was
found by presenting stimuli events and the number of responses

was checked. If it istoo much, then the changes are not

taken as responses but as indications of motor activity coincident
with stimulus - (children who followed the up through questio-
nnairs to parents and physicians) Best condition to record

the responses was found to be when the child was asleep or

when the ongoing activity was regular. The fit ( 1. ) clarifies
the response pattern changes with the level of consciousness.

7. Accelrometer Recording System:

This is an automated procedure of recording the response
of the neonates to stimulus, developed by Altman et al (1975).
This was basically developed to improve efficiency of mass
screening programme. This device comprised of a sound source,
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cradle, vibration pick up, analyzer system and recorder.
The sound sourcewasa tape recorder with audio amplifier
mounted on an adjustable stand.

The cradle was provided with a wooden pillow for head
and shoulder rest. The cradle was placed on a floating floor
structure, which consisted of a concrete slab, supported by
a tyre-tube. The concrete slab was covered with a polyuse-
thene sheet and the whole structure was placed on a table.

An accelerometer was attached to the wooden pillow. A
preamplifier amplified thevoltage of theresponsesaccel erometer
passed through a narrow band filter adjusted to 0.1 to 20 Hz
band width andwis given to the accelo-ymeter. The accelerometer
generates a voltage proportional to the acceleration of
vibrational set up in the wooden pillow.

The voltage of the signalwas registered by the recorder.
The Barker of the recorder notes the sould stimulus imitation
on the paper, and as it is coupled with a timer, it controls
the duration of the stimulus also.

The authors using this device tested neonates of 20
to 96 hours who were in different stages of sleep and arousal-
The stimuli used was an i octave noise band with center fre-
gquency of 3150 KB a 90 dB SPL.



2.2.15

Distinct responses were obtained in majority of
the neonates tested in his study. Thus, the automated device
was useful in neonatal detection of hearing loss. The advan-
tages of this device are; this can be employed with minimal
disruption of mercery routine and the scoring of response
is simplified. Solid borne noise Is excluded by the place-
Bent of the cradle on the floating floor structure and a
better SN ratio is obtained, because of the filters used.
But still, this device has to be validated and a reduction
of the False positive results is necessary. In addition,
though the device is very sensitive to vibration, breathing
and heartbeats do not manifest in the recording as their
acceleration is very low. But this device can be reliably
used in screening programs for the early detection of
profound |oss.

This was given by Marsh and Hoffmen (1976). In this
technique, thereflexiveeyeblinkelicitedby antactilestimulisisinlubi-
ted by-stimuluswhich precedestheelicitingstimulusby 10 msecs..
The presence of inhibition with a given stimulus is strong
evidence that the tone is above the patient's threshold.

This audiometry seems to have a high potential in
testing young children, as the administration is safe, simple,
comfortable and does not demand the co-operation of the sub-
ject. But still more research is desired to meke any conclusive
statement.
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9. Suck test:

In this test, the functional relation that exists
between novel stimulus presentation and infant orienting
response characterized by momentary disruptionof the ongoing
activity is utilized. The measures such as non nutritive
sticking suppression ( a decrease in total sucking rate),
sucking initiation and sucking cessation can be used
(Quist and Hoecinganann, 19 ).

The procedure is as followst The Bother is instructed
to skip the infant'searly morning feeding and to bring the
food in a nursing bottle. The mother and infant are placed
in a quiet testing room vith earphones held near the infant's
ear by Bother,at the saae tiae, she in instructed to give
the bottle,While the infant's nursing testing in the right
ear aa 3 KHz at 80 dB HL is initiated and the level is gra-
dually increased in 10 dB steps until a cessation of sucking
response is observed. All other frequencies, the same pro-
cedure was used. If the infant failed to respond at two or
aore frequencies at 60dB, cooing and labial sounds were used.
If the Infants failed on this also, then they were retested
3-6 weeks later and again if he failed then was referred for
a neurological and otological examination. The cessation of
sucking was seen as a consistent pattern. The puretones were
found better than complex noise and holding of earphones
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avoided the occurrence of standing waves. This test was
found useful In Infants as young as 1 month old (Mattungle 1970).
A blind nipple can also be used for testing infants. In such
cases, the air trapped within the nipple Is measured. This also
has been found useful by Regan and Michele (1977).

10. Bottle feeding technique (Pack 1935)

was used to maximise the detection of response |denti-
fication, by minimising the body movements. This has been
claimed to be useful for three reasons:

1. reduces random activity, _

5 Gy o be ST Png HE

Sucking is a rhythmical activity and therefore
interruptions will be clearly discernible. By using warbled
tones, information regarding the hearing of the child at
specific frequencies can also be obtained. The response
that may be observed on stimulation are: Startle, APR
initiation or cessation of sucking, observable change in
respiration pattern or arousal. Only, if the same response
pattern is repeated several times, then should it be judged
as a response.

11. Localization Audiometry :

This is applicable to Infants of 3-4 months of age
as this is based on the orientation which is developed only
by 3-4 months of age.



2.2.18

The set up is as sown in the fig ( 1 ).
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The infant is seated in between the 2 loudspeakers

An assistant draws the attention of the infant,already
from the source. Attractive animated toys are placed
adjacent to the loudspeaker which act as reinforcement
for a correct orienting response. The limitation of this
audioaetry is as follows:

Information obtained is that of the better ear of
the infant. Therefore a unilateral hearing loss cannot be
detected and not applicable. The other drawback which has
been reported is that children less than one year with pro-
found loss do not respond at all, but this actually becomes
an advantage as it makes one suspect hearing loss in the
child.



CHAPTER 11

PURS TONE AUDI OVETRY

Pure tone tests far hearing sensitivity are the most basic
tests that are used by audiologlsts (Allen and Fernandez, 1960,
cited by Price 1978).

These tests are termed as 'Routine Audiometry' as prac-
ticully every professional uses these tests in the evaluation
of hearing sensitivity. A need for conducting of pure tone
audlometry has been enumerated by mawy investigators (Barr,
1965)/ Ewing (1965} ,' Goldstein (1965); Price (1978).

According to Barr (1965) the puretone test results, aids
in starting an educational program for the child ad it also
aids in the selection of hearing aids ad in monitoring the
results of surgery or medication. Ewing (1965) has also given
that pure tone test results are very necessary for the E.N.T.
surgeons, in deciding the line of treatment to be opted.
Goldstein (1965) has stated that "testing of infante with pure

tone tests is as useful and valid as testing with speech if one

sets the goal, as the determination of auditory sensitivity

and the probable effects of reduced auditory sensitivity on
the under stand ing of speech.” His argument is that in case of
neonates and children with profound stimuli, the speech signal

has no advantage over the pure tone stimuli, as both will be

equally meaningless. He further says that, the use of speech
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as stimuli will result in m sdiagnosis nore often than when
tested using pure tones. Exanple is, if a case's sensitivity
to the | ow frequency conponents of speech can obscue. a high
frequency loss for such cases the reaction to speech can be
elicited close to normal thresholds. Thus a |ack of detec-
tion of high frequency loss would later result in thefailure
of the normal understandi ng of speech and thus the parti cul ar

case w Il be put under central auditory disorder. The pure
tones are preferred for other reasons: they are easy to
calibrate, control and specify. Price (1968) has given

t hat puretones can be used without any restriction because

any conpl ex signal can be analyzed as a conbi nati on of pure
tones. Price (1978) has also given enphasis to pure tone
testing and his argument for preferring pure tones, is that,
any conplex signal can be analyzed as a conbination of pure
tones and therefore, pure tone tests formthe basis for other
tests |like speech reception threshold, Speech discrimnation
threshold etc. The pure tones are useful as indicator of hearing
sensitivity and also in predicting the pure tone testing in the

clinics is justified.

Two general procedures can be enployed to neasure the
hearing sensitivity using pure tones. In both the procedures
t he range of frequencies covered is held constant, that is from

125 Hz to 8 KHz. In the first procedure, the test frequencies
are selected at given intervals, and the thresholds are obtained
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for each frequency ad Plotted on a graph, with the frequencies
maked on the x-axis and intensity on the Y-axis. Then all the
Paints on the graph are joined by straight lines. The resultant
graph is called the 'Audiogram'..

The second method involves swvegping across all the
frequencies in the range selected at different intensity levels.
The speech of swegping is ai octave, during each ten minute Period.
The Hind of recording gives the average threshold across the whole
frequency range. Though the Procedures are different, the audio-
grams obtained by these two Procedures gpproximate each other.

(Price, 1978).

The standard Procedure of Rare tone audiometry is as

follows:

The subject to be tested will be seated in a chair inside
the sound treated room. Then he is given the instruction, that
whenever he hears the tone, he has to indicate by raising his
finger. Then the earphones are Placed on his ears. The Adiologist
first tests the better ear. The first frequency tested will be
1000Hz. The alernative level is adjusted, well above the estimated
threshold, and response obtained. Then the search for threshold is
ensued by using Hugeo n-westlake method (1944). Once threshold
for IKHz is obtained then threshold for higher frequencies are
tested, then a recheck is done at 1KHz before testing the lower
frequencies. The same Procedure will be employed for testing all
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the frequencies in the betterear as well as In the Poorer ear.
After NCtesting is done, then the BC vibrator is Placed on the
mastoid ad the thresholds obtained, following the same Procedure
as for AC. Once the AC and DC thresholds are computed, further
testing is decided upon, comparing the ACaxd BC thresholds

Thus this is the standard way in which Pure tone audiometry is

conducted in clinics.

The thresholds obtained by pure tone audiometry are
affected by certain Parameters like - instruction givento the
Patient, duration of the stimulus, the test environment, the
meiad of obtaining threshold, the Position of the BC vibrator,
and the central masking phaxomaxon Thus while interpreting the
audiogram, the influence of all these factors should be taken

iNnto account.

In the evaluation of children, who are normal in all
respects and are older than around 7-8 years, the standard pro-
cedure canbe used. But in younger age groupe and thosewith some
Problems like multiple handicap, mentad retardation etc., the
standard Procedure cannot be adopted.

The above mentioned groups will be lagging behind the
adults in the devdopment of language speech, menta maturity,
emotional stability, judgemental ability etc. The Children's
attention span is very limited compared to adults and as Pure

tones are not meaningful, the children will lack motivation to
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Paform when these are Presented. The instructions will also
be above the level of comprehenson and therefore they fail to
Paform the task. On the whole, the functional significance

of the stimuli is not understood by the children and result
in very loor Peformances and thereby invalidate the test.
Therefore some modifications were mede to make it applicable

to all infants younger/older than 2 or 3 years. Therefore,

in order to evaluate such cases, a modification of the standard

technique had to be made.

Conditioning Principles were adopted in the develop-
met of Pure tone tests for children. Conditioning techniques are of
two types Classical and operant. In classical auditioning techniques
the behaviour is elicited by a stimulus is considered as a respondent

behaviour, which includes the unconditional and conditional reflexes.

The unconditional reflexes are those which are elicited
without the intervening conditioning or learning, on Presentation
of stimuli. The example for such reflex is the staPedius muscle
reflex to a loud stimulus/ changes in cardiovascular axd respiratory
measures on stimulation. The disadvantage of usng unconditional
reflexes for the assessment of auditory sensitivity are (1) Mag
of these reflexes can be elicited only for very loud stimuli.
(2) The organism tends to adapt to continued Presentation of the
stimulus, thus the strength of the reflex diminishes with increased

Presentations.
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The conditioned reflexes have been used to estimate
hearing sensitivity. The commonest application of such a
reflex is the Electroderma Regponse Audiometry.

Electrodermal Response Audiometry(EDR)

The E.D.R. is based on the skin galvanic reflex or
Psychogd van ic reflex. This was given by Hardy and Richterr
(1958). This response is mediated through the auonomic nervous
system and the electricity is generated in the skin. The E.D.R.

is also kkoum as skin-galvanic response, or Psychogd V anic responses.

"TWO types of E.D.R. response to acoustic stimuli. These
areseen(i) Pereeffect and (2) Tarachanoff effect. The Fere effect
refersto chaiges in resistance of the skin,which is recognised by
applying a voltage to the skin by electrodes and observing the
change in current. The Tarchawoff effect refers to changes in
D.C. Potential between the two electrodes in contact with the
skin. Theeguipment for recording reman same. Both
reveal the activity of the audiomic nervous system. Both can
be used with classical conditioning Procedures with mild Faradic
shock as the unconditioned stimulus. Unda appropriate coditions
either response ney be interpreted as a response to acoustic
stimuli (Hardy) Goldstein (1963) Hady and Pauls (1959),

Wayg (1957) (1958) clam that E.D.R. gives information
regarding the CNSfunction and the learning processes as

related to conditioning.
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E .D .R can also be used as a screening test. The
EDR. is considered to be of some clinical value inspite of
its may limitations. The limitations of ED.R . has been
mainly ascribed to the, difficulty in conditioning, non
specificity of response, differentiation of response from
random continuity, the Probablity of chance and large

individual variability.

Thus, diagnosis based on EDR. data is very

limits ed

Though it has been used with Peediatric Population,

it has little support as a test for children.
Thus, on the whole, now-a-days, the classical

conditioning techniques are not employed for the hearing

testing of children.

ccntd. 3.6
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The operant conditioning techniques have been adopted

quite extensively for the evaluation of the hearing function
of children of varying groups. This type of conditioning was

introduced by Thorndlke. The man difference between

the classical conditioning ano operant conditioning modd is in

the foromer modd, the response is elicited by the conditioned
stimulus, whereas in the latter mode, the response is controlled
by the conscenieiices. The term operant emphasizes the fact that
the behaviour operates upon the environment to generate conse-
quences depending upon the consequences generated, the behaviour

gets modified. Thus the core idea of this modd is that the
behaviour is determined by the consequences generated when desired

consequences are applied to the behaviour in the presence of an
antecedent stimulus the probability of occurrence of that beha
viour ssems to increase. To bring out increase in the behaviour,

positive reinforcements are preferred.

Usng the operant paradigm, either the already present
responses can be strengthened or, can generate the response.
To generate response to the desired stimulus, first a non-auditory
stimulus is presented. The response is elicited. Thaen this non-
auditory stimulus and auditory stimulus are coupled together and

response established. Onoe the respore e is eonsistent, then the
response to the non-auditory stimulus is extinguished by non-
reinforcements, or by time out and the response to the auditory
stimulus is retained by providing positive reinforcement con-

tingently. Thus by differential consequation of the two
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stimulus conditions, auditory and non-auditory stimulus conditions

the response to auditory stimuli are elicited.

The tests which are based on operant conditioning paradigm
use either the differential consequation of two stimuli or can
just strengthen the response by directly applying positive rein-

forcement to the desired responses. Thus the basic steps involved in

forming such tests are’

1. Select the stimulus for which one wishes to obtain

nmeasures and arrange for thecontrol of the physical
properties of that stinulus;

2. Define the response and range the integrity of that
measur e;

3. Differentially consequate the responses in an arrange-
ment whi ch strengthens the probability of obtaining
the desired discrimnation respondi ng behaviour.

The success of the paradi gm depends upon the control of the
stimulus, response and consequential events and the interactions
between themin achieving the goal of stinulus response control,

(Fulton, 1978).

Based on the operant paradigm several techniques have
been devel oped. These can be classified, on the basis of the

consequences used. The nmin categories are:

1. Techni ques using picture consequati on;
2. Techni ques using Mechanical Toy consequation; and,
3. Techni ques using tangi ble consequati on;



3.3

The aove categories are sub divided and the value of
each of these techniques in the evaluation of the hearing func-

tion of children will be discussed individually,

I. Play Audiometrv: This technique was advocated by Barr

(1965). This technique comprises of two phases, that is learning
and threshold determination. This technique is based on learning

principles. The procedure is as follows:

The child is placed et a small table beside the audiometer,
wheare the tester can clearly watch the child all the time. The
play instruction is given with the left hanrd ad the right had
Is used for manipulating the attenuator dial.

The play instruments are placed on the table in front of
the child. Thee instruments are colourful, smple educational

typesof toysareeanpoyad in seriesgames.

First the tone is presented to the child, at levels above
the estimated thresholds. Ome the tone is presented, the clini-
cian should demonstrate with a quick, sharp motion as hov to nowe
the toy. The movamat 3hould be mece in a very maked way,
so as to catch the child's attention. This type of demonstration

IS repeated until the child appears to have understood the pro-

cedure. Thus tho moving of the toy becomes a reguard for perception
of the tone, while the penalty,of being prevented fromexecuting

the pleasant
action, points out to hm that he has not followed the rules of
the gane Thus the learning is based on traditional trial ad

error principles.
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This audiometry was found to be successfully applicable to rd of
the children between 22and 3 years. But variations in threshold
measurement was more compared to adults. To counteract this, the
play audiograms should aways be based on two tests whose results
do not diverge mare than by 5 d3. The play audiograms was observed
to correlate well with “EDR audiograms and follow up, audiograms.
The play audiometry was found useful in children of %2 years. |,
where as Electrodermal response was found useful even in younger
age groups, that is less than 2%2years. But when one is left to
prefer between the two, play audiometry is preferable because the
equipment necessary for this is less difficult to operate axd less
time consuming than that necessary for "Electroderma audiometry.
Play audion»try requires less personnel and it is based, On a
pleasant experience compared to Electrodermal audiometry, which

involves to an unpleasant experience.

Thus Electrodermal audiometry is Preferred to as a last
resort, The reliability and validity of play audiometry was
established in children of meen age of 3 yrs. émths. and 2 years
6 months and 3 years 4 months respectively (Lowell, 1975)

II. Conditioned Orientation reflex Audiometrv (CCORA)

This audiometry was developed by Suzuki and Ogiba (1960)
based on operant conditioning principle. In this procedure the
signal is presented to the subject, through sneakers mounted at
an approximately ~5° angles on both sides of the subject, These-

authors advocated the use of mechanica toys as reinforce for the
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desired behaviours. In this procedure, the mechanical dolls were
located immediately bdow the speakers. Thexe dolls were activated
whenever the child mede a correct orienting response, that is if
the child turned towards the source, every time the stimulus is
presented. It was possible to estimate the thresholds during

sound field testing, by using CORA.

The success rate differed for the different age groups.
In children wlo ware 1 to 2 years of age, the success was only
335%to compax d to 64% in children of 3 to 4 years of ago. The
thresholds obtained by GOA ranged from 259 to 27.8 dB across the
frequencies 500HZ, 1IKHZ, XHz and 4 KHz in children of less than
1 year of age ad the thresholds ranged from 11.4 to 12.5 dB

across frequencies for children of 2%2to 3 years of age.

The conditioning was recieved by trials of combined tone-
light stimulation and extinction was observed to occur within
thre trials at 500B ad 2 trials at 10dB. This rapid
was argued as an indication of inadequate achievement of condi-
tioning in the subjects,in A (Pulton, 1978). A tecnnique
was observed to have certain limitations like:

1. This did not permit bilateral threshold raeasuroments
and only alowed for unilateral, that too better ear
threshold measurement.

2. The stimuli as it was nresented through loudspeaker,

iIs was not stable and weas snsceptable to grosa in-
tensity changes.
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3. Th- speaker ad dolls were placed in such a wey
that they could be by a very small angle
of heed or eye movamat differentiation of accu-
rate responses from random activity.

4. The localization responses were poorly defined
ad highly subjective.

5. No provisions were mede for demonstrating dis-
criminative responses (Fulton 1978),

6. Only 2 dolls wee used which failed to maintain
the child's attention axd interest..
Fulton and Grdham (1966) used this techninue and found
it to be unsuccessful. Thus these disadvantages led to the

devdopment of Visual Reinforcement audiometry.

I11. Visual Reinforcement Audiometrv (VRA) This technique
was described by Liden and Kankkunan(1969). VA technique deve-

loped as a result of failure of GBA in evaluating the hard of
hearing population. This is n non-directional technique which
takes into consideration, four types of responses to tone sti-
mulation, that is reflexive, investigatory, orientation and

spontaneous responses. The procedure for this techninue is as

follows:

Picture slides which maintains the interest of the
child were selected by preschool audio educators. Thexe slides

were projected on two frosted glass windows located on either

side of the curved front panel of the box shgped apparatus.
The switching of the slides from Rt. to left or vice Versa
was arranged electronically with the help of mirrors. The switch

board is placed on the audiometer. The loudspeakers were mounted
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on two seperate movable and nilustable ams making it possible
to present the tones with an azimuth of 90° on each side.
Thefollowing frequencies of steady tones were employed as
stimuli: 0.25 KHz, 0.5 KHz, 1 KHz 2 KHz3 and 4 KHz These
test frequencies were later modulated and presented. The pre-

sent it ion, levels ranged from -10 dI to 110 d3. The audiometer and

the loud-
speakers were calibrated by taking 10 norma subjects with thre-
sholds in both ears being within + 5 dB (1SO standard).

The loud speakers were placed at a distance of 15 cms,
lateral to the subject's cars and at an azimuth of 90°. The
nontest ear was blocked with nn insert ear plug and was covered
with aa external muff.. The thresholds were determined by the
method of limits. A reference value for the hearing test of
children was computed. This was accompllshnd by matching the
attenuator settings to the attenuator settings in a minimal
audible field in the absence of the subject to that of presence
of the subject. The actual testing of the children was conducted
in a sound treated room.

The loudspeakers weae placed on the lateral side of the
child's head to meke use of the head dhadow effect in seperating
the right and left ear tone thresholds, as masking cannot be done
in children most often. In normals, identical cure were obtained
in both ears ad therefore asymmetrical curve between the two ears
was obtained, then a unilateral loss was suspected. The insertion
of ear plugs increased the attenuation provided by the head shedow
to the energy marking of the far ear. Thus even monoaural loss

could be detected using VRA audiometry.
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The child to be tested weas first trained to respond to a
tone coming fram the same side as the subsequent picture. The
subjects were not instructed to respond in any specific way ad
therefore this resulted in a wide variety of responses to stimu-
lation. The children under test were also not provided with any
information regarding the test procedure. The children bdow 3
years were provided with toys to play. For children older than
3 years, the instruction was that he was going to hear a sound
in one of the speakers and then would he shown a picture. The

testing was started at 600 Hz at a level of 30 to 40 dB
above estimated threshold. The response noted in children
less than 3 years was a stoppage in the act of play ad looking
up it the window or the audiologist. Sare procedure was followed
to obtain the threshold of both ears individually. Thus, monosurd
thresholds were obtained by this technique But by switching the
tone from side to side, bilateral tone threshold also could be

determined.

VA technique was used to test 120 norma hearing children
and 935 hearing loss children of age ranging from 3 moths to 6 yrs.
All subjects could be successfully tested with VRA. Reliability
was also established in had of hearing and norma hearing children
The thresholds obtaine by the technique in children was higher
compared to adults threshold ad the threshold agpproximated that
of adults as they grew older.

The 4 types of responses that is reflexive, investigating,

orienting axd sponteneoas response was seen at different age groups
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The reflexive behaviour was seen in children of loss than one year
of age. This response was characterized by changes in the expre-
ssion of the child's face, movement of shoulders axd head. The
changes in the facial expression were like wrinkling of forehead,

widenine of eyes. jerking of lips or changes in rate of eye blinking.

The investigatory response was observed in younger age groups,
as they were not able to immediately understand the connection
between tone and Picture. The response was characterized by first
looking at the loudspeaker and then associating; the tone with
the ad iolo gist and then facing the audiologist,

The orientation response wes characterised by the child

immediately looking towards the window.

The spontaneous response was the mogst highly developed
response. Hee the child used to report directly when the tone
was heard. This kind of response was seen in older age groups of

children.

Sore differences were observed between CJA and VRA
In the younger age groups, that is less than 3 years old, the
thresholds obtained from GCOA and M were similar, but in
children older than 4 years, the thresholds were better on VRA
In addition to the above, MR\ had certain advantages over CORA.
VA could be peformed in a shorter duration ad as different
slides were used, the value of reinforcement was higher and

therefore maintained the child's motivation throughout the test
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administration. As no specific responses were demanded, it wes
easier to elicit the response, but difficulty vns in the evaua
tion of the true response. The validity of the technique depended
upon the qualification and skill of the audiologist. Ary uncon-
scious changes in the expression on the clinician's face influences
the child ad therefore all these will result in erroneous inter-
pretation of the response. But in spite of it the A is cdamed
to be a better techninue compared to GCORA, because in VA no spe-
cific response is danaded ad therefore co-operation from the
child is not needed ad as the practice effect is also minimd,
the VA was found applicable to children as young as 6 to 3 months
of age.

Making ard Thomes (1974) used this technique in testing
children of 6 to 35 months of age and they found that all children
could be conditioned to one of the A trials. They recommaded the
use of the term minima response level instead of threshold and
reported of changes in the level with age uptil 23 months, ad
making a plateau after that. Even after making the plateau,
the level was not equal to that marked by adults - thus according
to the study, auditory acuity is a product of physiologic develop-
ment. Bu Fultoni(1973) stand is that, auditory acuity is not a
product of physiological devedopment axd whatever variations one
observed in thresholds with variation in age is attributable to

the type of task set up in different techniques of evaluation.
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IV Peep Sow : This techninue was given by Dix and Hdlpike
(1947). This was designed to avoid the two man limitations of con
ventional pure tone audiometry in its application to the evaluation

of children. The two goals were:

1. to assign meaningto pure tones,and,

2. to ovacome the difficulties encountered in
getting the co-operation of the child for testing.

This was achieved by employing conditioned responses to a series

of short pure tone stimuli delivered through the loud speaker.
The procedure of this technique is as follows:

The child is mede to sit in front of the box, in which
are displayed a series of attractive pictures. Bu in order to
see the pictures, the child haed to first illuminate them by pres-
sing a button. This press-button mechanian was set up in such
a way that it worked only when the synchronized light ad sound

stimuli were delivered,

The stimulation mechenigan is controlled by the examiner.
He is seated in another chamber and observes the child
through a screen. The stimuli used are pure tones of frequen-
cies 250 to 4 KHz The intensity of the signal is varied by
means of an calibrated attenuator dial. Ore instructor is
seated in the test chambe to condition the child ad to
change the picture if necessary.
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The tester first ensures that the child's attention is
focused on viewing aperture. Then a double signal, the lanp
flashes axd synchronized impulses of sound through |oudspeaker
are presented. The instructor at once presses the button, illu-
minates the picture and encourages the child to inspect it. Oxe
this has been achieved, the signal is withdrawn anrd simultaneously
the picture is also mece invisible. Thus two or three demonstra
tions are given to the child ad then the child if encouraged/
conditioned to operate the button and illuminate the picture when
and only wihen the double signal is given. As soon as conditioning
iIs achieved, the light signal is sdowly eliminated. This is done
by using a shelter over the lamp. Thus at this stage it becomes

a test of hearing.

In children Wb have severe hearing loss, the extinction of
light signal eliminates the response completely. But if suffi-
cient hearing is present then response continues to occur even
when the light is extinguished. The intensity of the signal is
then progressively reduced until a threshold is obtained. Oxe
the threshold for one frequency is obtained, other frequencies
are taken up for testing and the sxae procedure is used. In case
of co-operative children, the whoe procedure is claamed to take

only 5 minutes.

The tone and light presentation are carried out electroni-
cally ad the tones are presented in pulses to avoid artifacts
due to standing waves. For successful testing by pesp show, the
child should be in an optima state, the general stability should
be good and he should have normd intelligence. The design of
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the pegp dow has been reported to be quite complex ad its
maintenance has been reported to be difficult. Therefore these
factors hinder Its usage in the routine set up. But pegp dow
has been claimed to be very useful as a rapid and efficient
technique in the evaluation of children, the peep dow has been
found to be applicable in testing hard of hearing children as
young as 2 to 3 years. Oxe the procedure is understood by the
child, the testing can be done using earphones ad 3C vibrators.
In addition this technique can be employed to do hearing aid
evaluation. This technique was employed to test children of 2
to 3 years of age. Successful audiograms were obtained with 3% of
the children under 2 years of age and in 43% of 2 year olds ad
80-93% in children 3 year or older.

V. pup Sow: This technique is a modification of peep
show, given by Green (1953). In this technique, instead of
illumination of pictures, a tfry pup is activated. Consequent to
a correct response by the child, here the interruptor switch of
the audiometer is replaced with one having an additional set of
normally open contents. The extra set of contacts are woud
in series with the dog and Its battery. This ensures the non-
activation of the dog, when its omn  switch is put on. For
the activation both the switches should be closed. The battery
used is of single 4% volts instead of the conventional 2 volts
battery. This is to prevent the stopping of the dog's motor
at inappropriate movements when both the switches are closed
simultaneously, then a series of movements are initiated in
the dog. The dog takes 6 waking steps, a pause ad 4 high
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barks. The whole cycle of waking and barking keeps repeating,
until the circuit is broken either by the child releasing the
button switch or by the tester interrupting the tone. To subs-
titue the dog by some other toy, an auditory phone plug is
installed in the rear of the audiometer which can be disconnected

when not in use.

The child's fingers are placed hear the switch. The in-
structions are given in  pastomime or in spoken fom that
whenever he hears, tone be should press the button. Then the ear-
phones are placed and the stimuli are presented at subrathreshold
Levels initially. The child is conditioned to press the button
on presentation of stimulus. Oxe the conditioning has been
established, the test Is conducted using earphones and 30 vibrator,
and thresholds are obtained for the different frequencies. If the
interest in the test is lost, then a candy is to be provided. The
candy is placed about a foot in front of the dog, axd the individual
being tested is encouraged to wdk the dog toward the candy. Onoe
this is done, the child is rewarded with the piece of the candy.
The tester mey hasten the child's reward by presenting sustained
tones until the goal is reached. This technique is considered to
be a simple, inexpensive and interesting technque especially for

evaluating the hearing sensitivity of very young children.

V. Puppet in the Window ldentification Test (PIWI):

This technique was modded on the principle of CORA.
The difference being, in AWI earphone are used and a 90°
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localization response to the window is required. This technique

was developed by Haug, Baccaro and Guilford (1967),

PWI Involves gross heed turning responses to the sound
source and which if correct is rewaded by an illuminating the
windowv which contains different kinds of hand puppets. The proce-

dure of this technique is as follows:

In the initial phase of the testing is done using free-
field speakers. The child is seated on the mother's lap in front
of a table on which are placed a number of gayly coloured nesting
boxes or some kind of tpys. The position of the child is so arranged
that ha is facing the source at an angle of 90° at a distance of 5ft.
A clinician engages the child in play. In the other test chamber,
the audiologist is seated at the audiometric console, with his
one hand holding a bright puppet, with his other hand on the controls
of the audiometer anrd his foot on  the switch, which illuminates
the window placed in the other chamber, A low freqguency tone is
presented in a beep-beep fashion. Once the tone is heard, the
child turns towards the source. At this instant the window which
is situated at the same place as the loudspeaker, is illuminated
ad the hand puppets in the window are mede visible for the child.
Gradually the intensity of the stimulus is reduced in 5 dB steps
until the threshold is obtained. The reinforcement is provided in
a controlled manner. If the child responds too soon or too long

after the presentation of the stimulus then the
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window is not illuminated, depriving the chili his reinforcement ad
thus extinguishing the random responses of the child. Once the thre-
shold for one frequency is obtained, similar procedure is employed
to obtain thresholds for other frequencies. At the conclusion of the
freefield testing, earphones are placed on the child's ears. As the
child has already been motivated by the reinforcement provided to
them, he does not resist wearing the earphones. If the child refuses
to wear the earphones then smaller axd lighter headset should he used
(hearing aid receivers). The stimulus is presented to the ear nearer
to the loud speaker employed, as he will continue to turn towards the
window. After testing the nearer ear, the opposite ear is taken up for
testing. After this, as a double check, the two ears are tested,
randomly to confirm the thresholds obtained earlier. After "AC"
testing, theBC testing is done by placing the vibrator on the mas-
toid. Sare procedure as for AC is employed, To hold and maintain
the interest of the child, 7 different pupets are used. The total
time for the completion of testing was found to be around 30-45

minutes.

To validate the AW technique, the author tested 54 in-
fants, age ranging from 5 to 36 months using this technique. The
results obtained fram this technique wes compared with the oto-
logical findings ad history. The correlation between AW ad
history ad otological findings was found to be high. Thus they
clamed this technique to be a valid test for the evaluation of
young children. But the drawback of this technique is that, the
success is dependent upon the skill, training ad experience of the

children.
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VIl. Peek-A-Boo Audiometry:

This test was given by Vander Host and Kuwpey (1969).
Here the authors stress on the interrelationship between the
observer and the child rather than the rest task, the instruments
required for the administration of this test are: a specially con
structed trapezoidal table, audiometer, tape recorder, sound filter
set ad powe amplifier.

The child is seated on its mother's lap in front of the
table. On the other side is placed the loudspeakers with lights.
The border of the table on the chill's side is lowered, so that the
child is in a position to see the examine ad thereby providing
a feeling of security to the child. On the table, holes were seen
near the loudspeakers. Thex holes weae used to dow the dolls from
each hole respectively depending upon the loud speaker being used.
Totally 5 identical dolls were utilized. Ou of the 5, 4 dolls
were mouted on wooden pillar, so that they could be raised to
any level soundlessely. With the help of nylon cords anxd wheds
dollsware connected in such a way that they can be replaced for
any other toy.

On the tester's side of the table, are provided switches
to choose one or more loud-speaker (selection switch) axd cords to
raise the dolls. He may chose the sound normally produced by a
doll but usually this is not done so. The observer's man task is to
control the situations and alter the program, andalsosee to the

comforts of the child as well as the mother.
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The observers/is placed at a distance of 2ft, avay fram the child
which aids the observer to record not only the slightest eye
movarnats but also other kinds of small changes in behaviour.
The audiometer, the tape recorder axd the filter set will be
placed near the 2d observer, such that the child is not dis-
tracted either by the apparatus or anyone manipulating it.

In this test, the pure tones are presented as a short pip
or sometimes as a series of pips in a rhythm corresponding with
the raising of the toy, This is partly to maintain the interest
of the child. Another alternative which is used to avoid bore-
dom setting on in the child,instead of obtaining

the threshold for one particular
tone scaning the audiogram by first presenting all tones
at one intensity level and then at another and so on is employed.

First the mother ad the child are put at ease, then
to catch the child's attention a doll is g0om ad once the
attention is captured, the doll is withdrawvn aad immediatey
a rhythmically interrupted tone is presented fram the right
(1000Hz) at an intensity of 60 dB. The child ney react to the
presentation of the stimulus in any one of the following ways

1. he nmey turn his head towards the source immediatdy
following stimulus presentation. Such a kind of
response indicates that the directional hearing is
present.

2. he mey either start looking about the room. This
indicates that he ney have heard the tone, but is
unable to localize. This has been explained on the
basis that the prediction of direction of pure
tones is very difficult especially for clicks ad
therefore the second response is considered to be

quite normal.
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3. he may not respond to sound but may do so to the
doll, in such a ease, the clinician should try
once again by presenting another sound.

4. he mey not respond to sound as veil as doll. In
such a case, one should refrain from further
testing using acoustic stimuli but should test

and try the effects of |i %hts with avariety of tendercies
dolls to see whether there is anyantistic
in the child's behaviour.

The conditioning of the child is carried out in the
following steps. First the client is dhown the doll each
time there is the presentation of sound, Usng l|loudspeakers.
Then the sounds are presented from various directions and the
corresponding dolls are shown. 3ut this is not used in cases
vith asymmetrical loss, (I) To condition the child to the
character of sounds low tones to the left and high tones to the
right or leud to l eft and soft sounds to theright is presented (2) In
this condition the conditions 2nd and 3rd are combined, here. The
child is conditioned to the character of the sound as in the 3rd
condlton, anrd a sound is presented from a wrong |oudspeaker,
Normally in such situations also the first motion is towards the
sound sourde because that is a reflex and the second reaction is

in the direction of the dolls.

The results obtained with a Peek-A-Boo audiometry when
compared with pure tone audiometry at alater date,revealed a high

correlation.
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VIII Story Tdling Audiometry:

In this technique, slide projectors are mede use of, to
keep up the motivation of children throughout the test ad-
ministration. This technique weas developed by Miller (1963),

This techniqgue consists of two categories of slides.
The first is composed of a series of pictures that are basically
unrelated to each other. This series contained pictures of
animals, toys, Scenary etc. The selection of a colourful ad
avariety of material was used to motivate the group of younger
children. The second series of pictures depicted a complete
story about the real or functional, images of animas ad
children. T e child was instructed to press a button w he never
he heard the sound. This series was for oldar children, whose
age ranged from 4 to 6 years. This technique was found success-

ful in maintaining the motivation of the children under test.

IX. Fary tae :taudiometry in children:

This audiometry has been advocated by Lesak (1970 ). In
this technique, the child under test is shown a toy house ad
a fairy tale regarding the bewitched people is told to the child.
He is infomed that people, animals axd may other types/kinds of
things are present in the house, but as they are all bewitched,
they are unable to get out. Someimes they cry out for help
and only when the child presses the magic mudroom, can they be
freed. In order to hear their cry, the telephone receiver

hage to be worn, which are in turn connected to an audiometer.
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The child is also told that if the mudroom is pressed without
their cry for help, will only result in disturbance, and they
will be asleep and therefore will not free them. So with this
background, the pure tone stimuli are presented axd the thre-
sholds are obtained. To maintain the child's at ention, through-
out the test administration, the figures in the fairy tale are
chosen to represent certain frequencies. The advantages of
this technique as clamed by the authors are that it is a special
kind of psychological approach, it is a ssimple and small device
which is easily operated. Oe mgor positive point of this
techninue is that it mos often keeps the child interested and
motivated throughout the test administration. This technique
was found to be useful in children of 8 months to 2 years old

by the authors.

X. Tangible Relnforcement Operant Conditioning Audiometrv

(TROCA)

This was developed bated on the Motion, that the intangible
reinforcements are not very effective in eliciting the desired
responses, especially in mentally retarded children. Therefore
Spradlin and Lloyd (1965) developed a techninue using tangible
reinforces like Candy, cereal, trinklet etc., which is termed as

TROCA. The procedure for this technique is as follows:

Prior to testing, an appropriate reinforcer is selected.
A reinforcement schedule best suited for the subject is set up.
Then instruction is given to the child, that whenever the sound

is heard, he has to press a button. If the response is correct,
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then the tangible reinforcements are provided. On the other
hand if the response is incorrect then a mild punishment
(time out) is given. This techninue was found to yield a
success rate of 60% In infants of 5 months of age (cited in
Gerber, Jone3 ad Costello (1977). Bu when TROCA and Peep
dow results were compared in norma hearing children 25 to
32 months, the peep dow was observed to yield better results
(Stern, Cole and Gans 1980). Therefore they rejected the
assumption that type of reinforcement has a significant in-

fluence on the behaviour.

XIl. Reaction Time audiometrv (RTA):

"Reaction time, is tha tisse elapsed between presentation
of a stimulus and the subject's response,” (Rapinl964).
Reaction time can be used to as rapid responses occur only
in motivated individuals. The importance of motivation is the
success of any technique of evaluation has been stressed by
Rapin (1964). According to him the lack of motivation accounts
for children's failure to respond. In addition operant condi-
tioning which aimsat maintaining the motivation, should provide
reinforcement for rapid responses. Thus reaction time measure
has an important role to play in the determination of response
to a stimuli especially in children. The reaction time has been
observed to increase markedly when stimulus intensity reaches
threshold (Chocholle 1945). Thus this measure can be taken as

index of hearing sensitivity also.
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The author conducted the experiments to study the auditory
ad visual reaction tirae in norma children and had of hearing
children. Basad on the reaction times in the tvro condition,
the hearing sensitivity was estimated. If a child responds
rapidly to visual stimuli ad not it all to auditory stimuli,he
Is probably not perceiving tho auditory stimuli, thus mey be a
hard of hearing candidate. On the other hand, if tiv child's
responses are fast to light stimuli but very dow to acoustic
stimuli then it is probable that the sound is near his threshold
level. If the child does not resppond to both the stimuli then
the inference woud he, that the child has a problem other than
smple auditory disorder. The threshold estimated by Auditory
Reaction Tine audiometry vas found to be within 10 dB of con-
ventional puretone audiometry. The auditory RT was found to
be less than visual in norma children, ad RT for the
stimuli was still better. In hard of hearing children visual

RT was better than auditory PT.

FHom the experiments conducted, they concluded that the
reaction time to visual axd auditory stimuli interact and
manifest in improvement in  response. The reinforcement also
increased the RT. This technique was ctarasd to be « useful for
evaluating hearing impaired population for chlldren of 5 years
and above Intdligence and brain damege without any motord effects
was not found to interfere with testing. But age had an effect,

as younger the age of the child, the longer was the reaction time
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(Teichner 1954). Bentra and Joynt (1959) found brain damege also
leading to increased RT in contrast to Rapin( 1964) The
reinforcement was observed to have a significant effect upon RT.

The use of light as well as sound was found to have two advantages
Delivering of stimuli which are readily perceived and responded
prevents the flagging of attention and motivation can be maintained.
Secondly the latency difference in the response to the stimuli gives
information regarding hearing loss, lack of motivation and distrac-

tability anrd or brain damage. The positive point of RT is that

it/only gives an Yes or No answer but also indicates the threshold
level. In addition, the eguipment to measure reaction time was
found to be very simple and inexpensive. The stimuli is progranmed
manually. A his switch starts the clock and turns on the stimulus
simultaenously. The subject can have the control to switch off
both the stimulus and the clock. The reaction time is read from
the clock, by the experimenter,
delivers the reinforcement when necessary. The stimuli
most often employed is alight torch powered by a battery and
a standard audiometer with an added switching device, such that
it will stay on until the subject turns it off by pressing on his

key.

Thus the author concludes that the reaction time to
evoked auditory and visual stimuli to be a simple and promising

techninue to estimate the hearing function in children.
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Advantages of operant conditioning techniques

Thexe techniques provide for an objective assessment of
the auditory function in children. This aids in sustaining the
motivation of the child under test. The mdahod of presentation
can be varied to suit the behaviour and ability of the individual
tester ad this is a statistically reliable messure of response

ability ( Roberts (1972).

The disadvantages of these techniques are. these have
limited application to the testing of hearing impaired children.
This is because, the conditioning principles are all based on
feed back from response, situation, which itself is disrupted in
hearing impaired population. Therefore conditioning techniques
will befno help untill the subject is avare of the importance of
sound per se to the response situation. A hearing impaired
child fails to understand this relationship axd will try to
respond on the basis of his everyday behavioural repertoire

and this will interfere with the accuisition of the correct
response and prevent consistent reward. This will in turn result
in frustration and the child will lose interest in the test
situation.

Qe remedy for the aove problem is the use of cross modd
facilitation technique. This is a two stage oparant procedure.
First, conditioning is established with sorme other modality.
Maog often visual is chosen. Ome the child understands the
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task, the auditory stimuli is introduced axd gradually the
conditioning for the visual stimuli is substituted for audi-
tory stimuli. The advantages of such a procedure is (I) the
tester has been taught the necessary skill for proficient
response in the test situation. (2) the co-operation ad
Iinterest of the subject is established, (3) a base line

meeaure of the tester's genera paformance ability is obtained,
which can be usad to Judge response to auditory stimuli

(Roberts (1972), (1976))

Thus by employing the modification mentioned above,
the conditioning techniques can be used in clinics to evaluate
the auditory function of children of varying age groups ad
also the difficult to test population.



SFEECH AUDIQVIETRY IN CHI LDREN

INTRODUCT 1ON:

Humen beings are viewed supericy- to other earth lings
due to therrability to communicate verbally. This
communiciation comprises of expression and perception
of other's speech. The speech perception ability-

Is dependent upon one's ability to process speech
through the ears. Thus a test for the assessment of
communication ability should potray the specific per-

ception problems encountered by the individual and

suggest ways axd means for rehabilitations.

Amay the plethora of test: avallable for such
evaluation, pure tone audiometry.has been employed

moa often. But even this has certain inherent
l[imitations in its aplicability to the assessment

of speech perception processing.

The nature of the stimulus usad in pure tone
audiometry is abstract. It is ucommon, as pure
tone are not experienced in one's communication.

It does not provide information about a person's

speech discrimination ability.
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Hady and Whetnall (1964) argred that pure tone
are in no wey related to the speech which the child
develops ultimately. Therefoie pure tones should be
substituted by speech for evaluation of he ring sen-
sitivity in children. In addition learning occurs for

goeech as well as for pure ton s and as speech is the

desired stimulus, one should promote learning for

speech.

Se of the other drawbacks of pure tonrs are
that it is unfamiliar, uninteresting and does not

tap the speech perception ability adequately.

The disadvantages of pure tones audiometry
initiated research for more refined procedures/ led

to the devdopment of gpeech audiometry.

- Speech audiometry can be defined as a set of
procedures which allows for systematic presentation
of carefully selected speech stimuli through a cali-

brated communication system and controlled enviornment

(Fulton and Lloyd(1975)S0esch audiometry mainly deals

with three dimensons of speech perception process.

Firstisthe speech detecti onthreshol d which mey bedefined as

"the level at which a listner ney just detect the
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presence of an ongoing speech signal ad identify
it as speech". (Martin 1973)

2. Speech reception threshold: defined as the lowest

hearing threshold level at which atleast 50% of a
list of spondiar, words can be correctly identified
(Martin 1975).

3. Speech discrimination: which is a measure of an ear's

ability to understand speech at supra threshold

level.

History of speech audiometry:

The concept of the usage of speed In testing
the hearing sensitivity was first suggested by wolf
in 1874. He stated that "the human voice was the mod
perfect conceviable measure of hearing”. He constructed
a table consisting of intensity values for the various
sounds of the Gamen language. His measure of intensity
was paces or distance from the speaking source rather
than decibels. In his list he mede use of
syllables and words. Later in 1390, he recorded the
words on an edison wax cylinder and presented the words
to the ear of the patient through adjustable tubing
which had provision ror the control of intensity of the

record, d materials (O 'neill and Oyer, 1966).
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The first systematic usage of speech was in the
assessment of various sound transmitting and amply-

fying systems.

compbell(1920) developed a method for assessing
the efficiency of sound transmission of the telephone.
He mede use of nonsense syllables consisting of various
consonants followed by a vowel/i/. Crandall
modified this and formed the standard articulation
test.(cited in Jerger 1973)

In 1927, Fletcher devised the 1st speech audio-
meter (Western-Electronics 4-A) and employed it for

group screening. But this audiometer hed little

clinical utility (cited in Jerger 1973).

In 1929, Fletcher axd Steinberg an their
associates at the bell telephone laboratory desgned
a mahod ror the assessment of various electronic
comunication systems. They mete use of gpeech for this
evaluation, Man emphass was placed on the trans-

mitting system.

In the estimation of gpeeen perception ability
one is interested in tr listened Therciore using

the same speech materials, the ability of listener
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was evauated keeping the speaker and the transmission:

system constant.

A speech chain represented in Figure-1 gives a
clearer idea about the links involved in speech audio-
metry.

(Rose, cited in 1978, P=-229

By manipilating only the listner link, one can study its

functioning under different circumstances.

Fletcher(1929) also gave the concept of articulation

function displaying the accuracy of speech perception as

a function of signal intensity. He assigned percentages
to the correctly identified, words on the standard arti-
culation test. His work was an important milestone in

the devdcpmen” of speech audionjetry.(cited in Jerger 1973)

Hughson and Thompson(1942) using the materials of
Fletcher(1929) developed a monitored live voice technique
for the computation of the threshold for speech. They
also established the relationship between pure tone ad
speech threshold. This work actually predated the use
use of gpeech audioraetry as a clineal tool.(cited in Jerger 1973)



Intheinitial stages, speech audiometry was used only
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to measure threshold sensitivity with the advent of

aural rehabilitat on programs during world war 11

supra threshold speech audiometry was also included

in the program.

Thus the clinical speech audiometry which is so

widely used rov carme into existence from the basic work

of Fletcher(1929) axd his associates at the Bell tele-

phone 1 boratory (cited in Jerger 1973).

Instrumentation for speech audiometry:

Fig.2 Block diagram of

audiometric equipment

(Rose, cited in 1973, P-234 P-33-39)
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Variables in speech audiometry:

Interaction amayg a numba of factors is en-
countered in the administration of speech audiometry.
All these factors have a cumulative effect on the

data, obtained from this system. To ennumerate the

influence of these variables on the results, they

are discussed under the following 4 categories.

Stimulus variables,
Procedural variables,

Response variables, ad

A WoN R

Miscellan ous variables.

I Stimulus variables:

The man factor that will be taken up for dis-
cussion under this, is the material employed in speech

audiometer tests.

Anpe varieties of speech materials have been em-
ployed in the administration of different speech tests.
These actually range from one extreme to another on a

contiinum. At the lower extreme exist smple materials

like phoneces, syllables and words. These stimuli are
preferred lor their ease of pre- entation within a short
duration of time ad ease of scoring on the basis of

right or wrong extension.
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The man drawbacks of such samples are they do not
actually confom to the audiotory experience of an in-
dividual in the real life situation. Though a certain
relationship does exist between the two.

At the other extreme of the contineous are phases,
sentence ad connected speech. These actually are the
representations of conversational speeci  "The drawback
in using these is the difficulty encountered in scoring.
Oe moe limitation is the influence of language on

these tasks. (Bess, et al. 1977).

Thus while selecting the material for speech
tests, one should weaegh the pros and cons of the

different materials ad choose the mog appropriate

for the task at hand.

Sne light 111 be thrown on the different materials

that have been in usage since the devdopment of gpeech
audiometry in the following section. The discus ion
will be in a herarchia fashion; that is starting from
nonsense syllable ad ending it up with connected dis-

course.
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Nonsense syllables:

The application of theee syllablus can be traced wey
back to 1910, when the telephone industry weas ir the
process of evaluating the eficiency of various elec-

tro nectransmission systems.

The first systematic use of these syllables was by
Campbdl ad Crandall in 19 . They constructed a list
of nonsense sylables using CQVE ad VC combination
ad temed it as "standard articulation test"; This list wes

enployed to compute efficiency of telephone circuitary

In 1929, Fletcher assigned percentages to the scores
and care up with the concept of acticulation function

describing the accuracy of speech perception as a function
of intensity. This actually was used later as esti -

mate of the speech discrimination ability of an individual.

Nonsense syllables were endoyed mainly because their
perception was not dependent upon the
vocabulary of the listener. Therefore it was assumed to

present a true picture of discrimination ability.

The above assumption doss: not absolutely hold good us
these syllables have quite numba of limitations

which overrules their potential applicability.



4.10

These items are considered to be quite abstract
ad thus difficult for mog individuals. Lehiste ad
Peterson(1959) ogpcned that items which are devoid of
symbolic content tend to measure recognizability rather

than intelligibility. Thus it does not tap the right

measure.

Hirsh(iy64) has also argued against the use of
nonsense syllables by stressing the importance of con-
textual factors, in intelligibility measures. Leton
(1966) has stated that nensenre syllables are net easily
applicable as mod subjects have tendency to
look for meaning in the stimuli preeeen ed axd respond
to it in a knomn term.

Zakrezewski et al.(1975) in their study compared
the discrimination scores for nonsense sylables ad
meaningful stimuli in chil ren. They obtained poorer
scores for nonsense sylables. This was attributed to
leser number of correct guess due to the lack of con-

textual cues.

Henceforth the use of nonsense syllables in cli-

nical set up has not been advocated.
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Monosyllables:

Monosyllables are lens analytic compared to

nonsense syllables.

The first investigator to use monosyllables was
Macfarlan(1940). His list consisted of first 500,
words from thorndke's lists ad first 50 from gates
lists. The resulting word list was recorded and pre-
sented from inaudible to an audible level to obtain a

measure of speech reception threshold.

Once the wad wes identified, the record wes
soeeded up to cut off the low frequencies and response
wes obtained for this condition. A comparison of the
two scores was then mede to gain information regarding
the individual's sensitivity in different frequency
regions. The drawback of his list was the lack of
phonetically balanced words.

The te'rm phonetically balanced list refers to a

"list of monosyllable words that contain a distribution
of speech sounds that aproximate the distribution of the
same sounds as they occur in conversational American

English”. (Hirsh et al.1952).

The first person to incorporate this concept was
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Egan(1943). His list came to be termed as PAL PB.5O

wod lists.

All the lists which developed |later, used phone
tically balanced noo syllabic wod lists. Some of these
lists are: CID 20-22, NU-Auditory teat, Multiple choice
tests like: Faribank's Ryne test( ), modified rhyme
list by Hobe et al (1965, 1963) and phonotically baanced
rhyme list(PBRT) by Clake (1965 ). These lists were used

exclusively in the evaluation of speech discrimination

ability.

A description of the above lists will be given

under the section, speech discrimination tests

Though monosyllables are being used extensively
Sore suggest the use of disyllabic words inetead of

monosyllables because of certain drawbacks of moo

syllables.

Egan(1943) hasstarted that with greater acousti c reden-
dancy in a speech signal’, the discrimination scores can
be improved. On this basis, one can infer that an
increase in the numbea of syllables, increases redun-

dancy ad in turn improves discrimination. If this be
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be the case, then, di/poly sylables are preferrable to
monosyllables . The latter is more applicable in children
with SN loss associated with signs of dysacusis. (Speech
discrimination diniculty associated with loss of sen-

sitivity)

Erber(1974) also opines that monosylables are
difiicult for children with hearing impairment. Spondees
are preferable because they give moe cues. They also
aid in the differentiation of those he ring impaired
children wlo recognise speech udng,, special eness ad

those wto meke use of time intensity patterns alone.
The spondees are moe meaningful and easier. Therefore

more ap licable in children.in comparison to monosyllables/

nonsensesyllables

Egan (1948) disagreesmith use of polysyllables. He
argue that, the scores obtained from polysyllabic
lists are affected by psychological factors to a degree
greater than for monosyllables. Therefore the validity
of the scores obtained from former is questionable
(cited in Watson & Tolan P.451).

In spite of certain limitations , monosyllables
are being ussd even mw as a measure cf speech discri-

mination skills.
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Disyllabic words

These words are still less analytic in a ture com
pared to the nonsense and mono syllables . The per-
ception of words are easier, compaed to monosyllables.

This is because for discriminating monosyllables, one

must perceive the individual phonetic elements where as
one can discriminate dioyllables making use of phonetic

elements and stre-as pattern.

Disyllabic word with equal strees on both are
termed as spondees (Hirsh et al 1952). The first use of spondiac
words was in mditory test.-—No0.9 developed at
Harvard univ during the 2nd world war. This was used to

measure the speed r eception threshold.

Mog cf the lists of SRT have used spendiac words,
some of these are AD w-4, CID-W-2 and PAL. auditory
test No.14. The criticism against the usage ofspondiac

words is that, they do not incorporate the changes in

speech pattern oven time which has quit e an important
role in the understandigg of ongoing speech. Therefore

use of longer speech samples are recommended.
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Sentences:

Fletcher anrd Steinberg(1929) were the first to in-
corporate sentences in the lists for gpeech perception
ability. Their list consisted of interogative sentences,

the response task being t o answer these questions.

Hudgins et al(1947) have used sentences in the ocon
struction of auditory test No.12 a PAL. & BEven this

list was a list of questions requiring one word answers.
later at the central intitute for the deaf, a list of

sentences which reflected everyday's speech with
natural inflection, tanpo axd emphass was constructed.
The only drawback weas the recordin s of this were not

available for comrrercia use.

Assuch very fav tests choose sentences, as their

test stimuli material because of certain limitations of

this material.

The meening of a sentence is 'nctt often conveyed by
one or wo key words, Theefore one obtains an over
estimated scores when ouch mdtaids ae used.

Secondly for reliability checks, the formation of

equivalent lists are quite ardous because of the influence
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of wad familiarity, length of the wad and sentence

ad the syntactical differences encountered in this
kind of goeech samples. Scoring is also a problem in

such samples.

Egan(1944) has pointed out that the scores obtained
from sentence lists are quite high and does not aid in
differential diagnosis. The influence of manay is high

in such materials.

Fletcher anrd Steinberg(1929) have found the cor-
relation between the sentence and syllable scores.

A score of 20% for syllables is equivalent to 7% for

sentences. This is because the ear fills in effectively
for mog of the missing eements in sentence and thus

compensate for the loss.

Therefore except in systems where in the syllable

lists results in very poor scores, the sentence list have

not been used in the routine clinical battery of lists.

Connected  discourse:

Falconer anrd Davia(l947) wee the first to suggest
the use of connected di scourseor cold running

speech to meesure SRIT.
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They found the results were as accurate as withapondees
and the list took only about 5 minutes. This list was
termed as "threshold of intelligibility for connected

discourse".

later in 1952, Hirsh et al. also supported the use
of connected discourse, they mede use of a paragraph which
was un-interesting and uniformly monotones. Use of
such a paragraph yielded minmum variability in the in-
tensity of presentation of stimuli. By manipulating the
physical dimensions of the stimulus, the intellibility

scores were . But the intellgibility scores would be

an overestimation, as in connected discourse the meaning conveyed
few keywords. The formation of equivlant lists and scoring isvery C

Therefore though the use of can acted discourse has certain advan-

tages, the "limitations are more so". Therefore it has

not been advocated for routine use.

Sore of the other parameters which are to be dis-
cussed under stimulus variables are, whether the:

1. list can be shortened,

2. lists should be homogenous, and
3 phoneticallv balanced
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Full vs Hdf lists:

Pull lists cosume a lot of time axd this acts as
a severe limitation in certain cases axd especially so
in children whose attention span is quite short. This
led to concept of shortening of lists. lists can be
shortened either by using half or odd even division of
the list can be made

The criticism against use of half lists is that,
in the construction of half wod lists no consideration
Is given to the level of difficulty of wods ad the
phonetic balance of words (Grubb 1963). He has stated
that the pact whole co-relation obtained will usually
be high ad therefore should be interpreted cautiously.

Elpern (1961) axd Campandli (1962) anrd Resnick:(1962)
have found high corelation between half list scores ad

full list scores in adults for to-22 axd PB-50 |ists.

Carhaart(1965) has also opined that there is little

to be ganed by using full lists.

Shutts(1963) constructed half wod Hats giving
consideration to average range of difficulty,
phonetic balnce ad frequency of occurence of phonetic
elements. A high co-relation was obtained between half ad

full lists.
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Kenneth and Berger (1971) have also reported of
high corelation between full axd half lists of W-22.

M&i and Beasley(1975) found a podtive
corelation "beween half and full lists of PBK-50 waod

|ists.

As the validity of half list is confirmed by may
investigators these lists are being used in obtaining

thespeedreceptionthresholdin Childrenaswell asinadults.

Homogeneity:

Homogenaity can be achieved either by recording each
word in such a way that all tend to be heard a the same
intensity level or by selecting only, those words that
tend to reach the listener's threshold, at the same
intensity level (Hudgins et al.1947).

The relative homogenety is represented by the
slope of the articulation curve. The steeper the curve,
better is the homogeniety (cited in Pulton and Lloyd 19 75)

The advantages of having homogenous words as the

threshold of hearing can be reached within a narow range

of intensity/with precision.

asthe articulative curve The from 0-100% in a narrow range.

of intensity (Tillman and Olsen (1973))
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Phonetic balance:

This is based on the relative frequency of occurence

of various sounds as they occur in English. To compute

the frequency of occurs- either written or spoken

material is chosen.

The written material is not apropriate as while

measuring different aspects of speech pe ception, Ore
IS interested in conversational speech rather than the
written form. Therefore, while forming a. phoneticaly
balanced word |ist, one should select the words from
spontaneous speech. Teephone conversation has been

used by someto achieve the above.

Phonetic balancing of words is importan , if one
wants to infer about a person's ability to understand

speech in real life situation from the scores obtained

on certain tests.
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Il.Procedural Variables:

These pertainto the factors that operate during the
process of presentation of the simulus Quite a number of
factors have to be considered during the presentation of

stimulus to obtain reliable results.

In this section only those parameters which have a

major influence on the performance will be discussed.

A mjoor issue in the administration of speech audio-

metry is the controversy that exists regarding the mode of
presentation. The two modes of prssentation available are
live voice andl recorded. A numbea of arguments have been
putforth for and against the use of both these procedures.
A few of these will be highlighted over here.

Live voice presentation:

Thecriticismsagainst its usage is that the speakers
differ in the may they present the stimuli and therefore the
data obtained from different sources cannot be campared

(Brandy 1966).

Brandy (1966) has demonstrated the variations in the
pouostic waveforms of the same words | i st presented by different
talkers to support his argument.

exist large difference
between one recording to another as that between two live

voice spekers (Garhart 1965). thus limiting the useful ness of recorded
presentation.

Hugins et al. portman and portman (1961) state that the
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flexibility is lost in recorded presentation, that is, the
provision to manipulat the material to suit the individual's
need. Their stand is that, the
familrity of the words differ from individual to individua
andl eachone taks his omn time to respond. In such cases
recorded presentation will be an utter failure. The other
point on which they argue against recorded prsentation is
that it floes not actually mesure the social adaguacy of an
individual asit, does not take into account, tha ability

to lip read which contributes to quits an extent in the

understanding of speech.

'the dynamic range of in ensity is found to be wide for
live voice compared to recorded, She range for like voice
IS supposed to be 80dB or more, where as it is limited to

30dB in racorded presentation.

Some studies have acutally reported of no difference
between the two presentation (Havis 1946, and O'well and
Oyea 1966).

Recorded presentation:

The drawbacks of this has already been mentioned. The
adantages of this procedure has been listed by Wason and
Tolan ( ).

1. Recording offers standard tests which are checked
for .alteration, uniformity and accuracy.
2. Ambient noise does not affect mcuh..



4.23

3. Can test subjects both. monorurally and bi -
namolly. This being sot possible by live
voice in a single zoom test situation.

4. Accuracy of results is better assured with
recorded procedure.

Sore of the other advantges are - high reliability of

results and ease of compaison between different date.

Thus when the two areweighed, each hasits am merits and
demarits. To counteract some of the Ilimitations-of live voice,

monitored live voice presentation has been recommended..

The use of monitored live voice presentation has been found
tobe quite useful in testing particularly children and aged
persons. Presentation of tests wod a influence the discrimi-

nation scores to quite an extent.

Northern and Downg(1974) have stressed the

-A

importance of earlier hase and suggest that it should be
presented 10 to I5dB &bove the presentation level of the
test word -

Mertin and Weller(1975\ have got results contradio-
ting to alll other studies. They found that presence of
caviar phase and its sensation level did not have a signifi-
cant effect on the SIs in adults. Ilhey stated that this
result cannot be genaralised to children-

Thusexceptfor M artinandWeller's(1975)study all others
have noticed a correlation between carvise-phase and perfor-

mance specially in children.



Familarity:

Jegger et a 1959 Tillian and Jarger 1956 have stated
that familarisation of the test wod lowers threshold and
results in better test retest reliability tapis unffamilarised
words lists. The differencein the scores is given to be
6dB. Conn et al (1975) have also got similar results as
Jerger and others. Mae number of correct regponses and
fewer erroneous responses were obtained for lists with
familarisation.. They dso found that 15 words of the CII

20-1 list was not affected by familiarisation,

Carhart.(1946) has al so stressed the importance of pretest

familiarisation especially in children..

De watchter and Schaerlacking (1969) point to the need for
familarisation of words list in chidren especially those

with low level of intelligence.

Licklider and Pollack have reported that scores ob-
tained for lists not famailiraised will be 15% higher

than for familarised words |ists.

Alltheabovementiondstudiespointtotheexistenceof aposture
correlation between familarisation and test scores. There-

fore prior to testing, one should familarise the subject to

the test material.

Sore of the other procedurall variable are: level of

presentation, channel and the test enviornment.
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Level of presentation;

Maog often the level chosen is that which is most com
fortable to the subject. She material is presented at this
level and once the response la elicited, then the level is

decreased gradually to obtain the threshold for speech,

Channel:

Some prefer presentation through loud speaker. Their
reasoning is, this is moe or less a-imulates the real lift
situation. But this procedure has limitation like, the
sensitivity of the two ears cannot be measured individually
which has importance for rehabilitation.

Therefore sound field presentation is preferred only when
the subject does not accept the earphones. This is encounter-

ed mog often in young children.

Test enviornment:

Sound treated room is opted most often, but in some,
condition like testing of young children, an ordinary room
is preferred. This is because the sound treated room will
be unfamlliar to the children and will elicit fear in them.
This inhibits their co-operation. Therefore in such cases
a room with minimum ambient noise and assembling the
natural enviornment is to be used.

The other main category which has significant effect
on the results of the speech audiometeric testing is response

Veriables.
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Response variables:

In this category the two man factors thft will be
discussed are mode of response and the influence of re-
inforcement.

Madeof  Regonse;
The conventional type of response is the repetition

of the stimuli presented. This mode is most inappropriate
for children and for difficult to teat population. In
such cased alternative type of responses like nonverbal

responses are chosen.

Nonverbal responses can be either pointing to words
or pictures, picking up theappropriatecardor it can be a
written response. The former methods pre most often em-

ployed in the evaluation of young children.

Reinforcement:

Berlin and Dill (1967) have reported a signifi-
cant decrease in the number of errors with reinforcement
regardless of the race of the children onwepman auditory
discrimination test.

Eisenberg et a (1974) have also reported an
increase in response with reinforcement.

Merenolds (1969) has stated that the conventional
intangible reinforcement like a smile or -verba rein-
for cement does not carry much value for children, there-
fore in such cases tangible reinforcements have to be
used.
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Smith and Hodgson (1970)studied the effects of syste-
matic reinforcement on the discrimination scorea of normal
and hearing loppired children. The reinforcement used UPB
marbles which could be traded for toys/candy. Smith and
Hodgson observed a significant improvement in the scores in
both groups of children in the reinforcement condition.
This improvement was attributed to an Increase in the atten-
tion pnd interest of the children on reinforcing the correct

response.

Gayer and Yankaner (1972) have also pointed to the
valueof tangible reinforcement compared to intangible ones.
They further state that toys are better reinforces than
pictures because the former provides for both visual and

tartual reinforcements.

Mertin and Coombes (1976) also stress the use of tan-

gible reinforces for children.

Thereforefromthepbovestudies, onecanconclude
that tangible reinforces should be adppoted while evaluating

children to obtain reliable responses.

Ore point to be borne in mind is/the schedule of
reinforcement should be formed elicits opimum

responses.

Miscellaneous V ariables:

These refer to factors such as memory, maturation,

practice, duration and fatigue.
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Therefore from the above dudies, one can con-
clude that tangible reinforces should be adopted while

evaluating children to obtain reliable responses.

Oe point to be borne in mind is the schedule
of reinforcement should be formed to dlicite

optimum responses.

Miscellaneous Variables:

These refer to factors such as memory maturation

practise, duration and fatigue.

While one to speech detection, recer-
tion and discrimination ablities in children all the
variables listed and destribed above should be consi-
dered. These variables should also be included while

reporting any data regarding speech audiometric mea-

sures, in order to facilitate comperison of studies.
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Speech detection threshold:

Speech detection threshold is the level at which a listner
may just detect the presence of an ongoing speech signal and
identify it as speech(Mertin 1975). This is also refered to
as "speech awareness threshold" (SAT). This is most often used
in the evaluation of young children who fail on pure tone audio-
metry and other measures of speech audiometry like SRT and
speech descrimination tests. SDT is considered to be an ldedl
measure for children who are incable of giving verbal rasponses, that
IS, very young children and the difficult to test population.

The procedure involved in obtaining SDTis very simple.
The material used is some oo and simple words, sen-
tences, or recurring speech. The child's task is to just
Indicate whenever he hears the speech. The lowest level at
which child can still identify the signal, is taken as his SDT.
Speech signals are broad band signals and in SDT one is measuring
only the level of detection and not either perception or compre-
hension, therefore the SDT can be more or less equated to the
threshold for broad band signals, like buzzer, etc(Hirsch 1952,
cited in Martin 1978).

The SDT does not reflect the pure tone configuration, but
Frisina(1962) has tried correlating the SDT and pure tone audio-
gram. He has observed SDT to be within  plus or minus 5dB of
500 Hz threshold in flat or high frequencies loss audiograms..

At other frequencies he failed to obtain a correlation. The
reason expounded by him, is that in the spectrum of speech, energy



4.31

la mostly concentrated in the lon frequencies and therefore the
SDT can be correlated to threshold for low frequencies tones
and not for high frequency tones. In general, though SDT can be
predicated from pure tone thresholds, the vice versa is not

possible.

A correlation between SDT and RT has been established by a
number of investigators (Egan 1948, Rose (1978) Hudgins 1948).
E-gen(1948)has found RT to be 10-20 dB higher than SDT. Rose
has given the normal SDT and SRT values as 9 dB and 20dB

respectively. Beatlie et al ( ) has given the differ-
ence between SDT and SRT to be 9dB Thinlow 1948 and
Chaiklin 1759 have also given it as 9dB. Thus a signif icant cor-
relation between the two measure s, RIT and SDT has been esta-
bliabed by many studies and the difference between the two has been
bound to be around 10dB. The relation considered between the SDT
and speech discrimination has been given by (Hudgins 1948; cited
in Frber and Witt 1977). He has observed the maximum speech

discrimination to occur 20 to 40 dB above SDT.

Thus by compiting ths date from the above mentioned, stu-
dies, one can conclude that SDT is useful in predicting IRT but

not so much to predict speech discrimination and pure tone loss.

The limitations of SDT are:

p) SDT does not provide such information regarding the
pure tone configretation.

b) A normal SDT may be obtained In cases with high
frequency lossa(Martin 1978 ) and

c) A normal SDT may be obtained in language disordered
cases.
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Therefore SDT may result either in An underestimation or

overaetimation of the degree of hearing loss and thus lead to mis-

diagnosis. Thus this measure does not carry much clinical sig-
nificance,onits own. Therefore this measure should be attempted
only as a last resort, that is when all atempts at pure tone

testing and other speech audiometric testing has been a failure.

Speech Reception Threshold(SRT) :

RT measures a more complex process compared to DT. SRT

Is a measure of the perception of the speech signal. Here just
identification of signal will not do as one has also to comprehend
the signal to give a Response. Therefore this is a more appro-

Ximates meassures of the commnication ability compared to SDT.

Thefirst investigators to measure SRT were Hughson and
Thompson(1942). They made use of Bell Telephone intellgibility
sentences to obtain SRT. She SRT was defined as the level at
which the subjects were able to repeat 2/3rds of the sentences
correctly. But later, the use of sentences was substituted by
spondiac words because of its many advantages, mentioned in page
NO. 14-16.......cccccumiiieeeeeeecciieeeee Hangins et a (1947) were the

first to more use of spondiac words in a test for SRT. They

were also the first to give importance to factors like familarity,

phonetic dismilarity and homogenity of speech material.,, chosen
for a test of SRT. They formed two lists of 42 disyllabic words
of equal homogenity and called them as PAL(phychoacustic lab)
tex No9. Eah o the two lig wee recorded on a dsc The
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recording was Gone in such a way that, six words were reproduced
at a level of 4dB lower then the previous eat of six words, with
the last group be log 24dB weaker than the first group. Thus
totally 7 sets of six words were recorded,This kind of a recording
was done with the intention to provide for a quick estimation of
SRT.. The standard error of measurement was found to range bawen
2.1 to 2.8dB in hearing impaired and normal subjects. Therefore
they claimed this test to be equally applicable for both nomal
and hearing impaired population. Later, the PAL test No0.9 was
modified to provide for the control of level by the examiner.
To do so, the same lists of words were all records at the same
level, instead of the descending order followed is the PAL,
Auditory -testN0.9. This test is referred to as PAL Auditory
test number 14. Thus the PAL Auditoy test No.9 and 14 were the
first standardised tests for SRT.

Hirsh et a1(1952) felt the PAL tests to be cuabersone

because of there length. Therefore he reduced the total number
of items from 84 to 36. Tne selection of the 36 items was done
in the following way. All the 84 items were administered to
eiperienced and inexperienced listners at 5 levels. Basee on the
number of errors for a word at all levels, the words were rated
as either" easy" or " difficult". The criterion to be rated as
"easy" was one or no errors and for "difficult" was 5 or more
errors at all levels. He elimnated all the easy and difficult
words. But In spite of this, some words still remained which
were rated as easy or difficult on repeated administrtion of



4.34

the test. Therefore, the intensity of easy words was reduced

by 2dB where as the intensity of difficult words was raised by

2dB. Thisresulted in atest of words which were homogenous

with regard to intelligibillity. The list was recorded in two

different ways. First, all the wordsin the list were recorded

at aconstant level, that is 10dB lower than the level of

1000Hz calibration tone. The easier phase "say the word" was
recorded at the level of the celibration tone. Thislist was

designated as CIDW-1. The second type of recording was in such
away that, the level of each set of 3 words was reduced by 3dB
progressively. The carrier phase was maintained at the level of

the calibration tone for the initial 9 words, but later on the

level was alternated by 3dB for every 3 set of words. Thislist

was called , W-2. Thusthelist CID W-1 and CID W-2

were adopted in most of the clinical sete ups for obtaining
speech reception threshol d.

The contribution of Hirsh et a (1952) did not end at the

developnant of CID W-1 and W-2 lists tests. they gave the
standard procedure for obtaining SRT in a clinical set up. The
following ie the procedure outlined by them. First the lists
are familarised to the subjects. Then ths words are presented
at 30 to 40dB above the estimated threshold levels. If a
correct response is ensured then the level is decreased in 10dB

steps untill incorrect response is obtained. Then the words
are presented at 10dB &ove this level. If the subject repeats
5/6 words correctly at this level, then onwards the level is
decreased in 2dB steps until the subject repeats 5/6
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words incorrectly. At this stage, the test is terminated and

the number of correct responses are counted and reduced by one.
Then this is subtracted from the hearing level setting at the

test invitation. The resultant level is taken as the speech

reception threshold. Hirsh et al (1952) recommended the use of

this standard procedure in all centres to improvise the commu-
nication among professonal.

All the research data reported so far had been conducted on
the adult population. Therefore whatever claims has been made
by these investigators hold good only for the adult population.
and not for children especially for younger and difficult to test
population. An SRT test for childern should meet the following
criteria.

1. The Speech signals used should be of known acoustic

values.
2. The gpeech signals should be within the vecabulary of the
children (Keaster 1947, Lessk Ross and Leman 1970).
3. Tet daudd elicit voluntary response which can be judged
as evidence of hearing. _
4. Test shouldinvolveactiveparticepation onthepart of
the child (Lezak and siegenthal es pearson.(1954)
5. Test shouldbeshort enoughtoholdtheattention of the
oungest age groups(Ross and Lerman 1970?.
6. Test should beof sufficient appeal to draw and hold the
interest of the child Ross Lerman 1970).
7. Shoud have a sufficient numba _of items to reduce the
chance probability of regponse (Ross lerman 1970).
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8. Should demand nonverbal responses ( Keaster 1947)
due to the incomplete language development in
childern, the vocabulary will be limited. The reason for such
alimitation may be the presence of along standing hearing loss.
or an articulatory problem which makes the oral response up-
intelligible, rue to the age of tbe child, written response is
out of question (Ross and Lerman 1970).

If one evaluates the tests decribed so far on the basis of
the above mentioned criteria, the inapplicability of theseto
children becomes clear. Therefore an extensive research got

started to develop tests more applicable to children.

The two main areas of research interest were modification of the
adult tests and the formation of new tests for various age group
of children. The main output of such a research was the develop-
ment of several picture identication tests for mesuring SRT
in children. Kepster(1950) was one of the first investigators
to develop a picture identification test. She selected 50 norums
from the frist 1000 words from the international kindergarten
word |ist which comprised of spoken vocabulary of children of 6

years or younger. The selection of the nouns was based on the
pretext of common usage of words and the phonetic contents. The

selected |ist of words were picturaised and presented to 75
children beow the age of 6 ye ars. Only 25 words elicited re-
liable responses. Therefore a |ist comprising of these 25 words
were formed and was advocated foruse in clinical set up. The
procedure of administration was as follows:
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The child under test was given instruction that <Some
simple commands would be given to them, at first intense levels
progressively at lower levels. He/she has to listen and act
in accordance to the command heard. The commands were like
"put the " "rabit on the floor" etc. The picture
of all the words were placed within reach of the child and the
child had to point to the correct response .and the lowest level
at which the child was able to follow atleast 3 commands was taken
as the threshold.

To validate this test, the scores obtained from this test
were compared to threshold obtained from sentence test and pure
tone thresholds (keaster 1942). A high correlation was observed
between all three measures in children, therefore be claimed
this Method to be useful inobtaining children's SRT. Siegenthaler
Pearson and Lezek (1954) developed a formal picture ldentification
test. She test stimuli were selected on the criteria of famila-
rity, phonetic dissimilarity, representativeness of speech sounds
of english, and homogenity with respect to audibility. Thus the
test list inclusive of 50 monsyllabic nouns were selected
from among the first 500 words in Rinsland's basic vocabulary test
and some words from the second 500 words in Rinsland's basic vocabul aty
testandinadditionsomecommonwordswhichwereinthevocabulary
of children. Monosyllables were used because of the greater
possibility of picturisption. Totally 107 words were selected and
were represented by brightly coloured pictures without any back-
ground colour. They were then arranged in groups of 5 or 6 and
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presented to 25 children of age ranging froa 2 to 7 years and

birth to 6 years with normal hearing and normal intelligence,

The pictures which were not identified for 3/4 times, were
eliminated. The remaining were present ed to 13 children between
birth to 4 years and 8 years,who were all candidates for a school
for the deaf. Here also, the pictures which were not identified
two or three times were eliminated. Thus this process of eli-
mination ultimately led to a total of 73 words, whose pictures
were easily recognisable. These words were then recorded on
discs at constant intensity level with the easier phrase "point
to " also at the same level".

The test was these administered to 15 young adults and
kindergarten childern at individual thersholds for calibration
tones through earphones. Words which were abhigue on preliminary
recognition tests and words which were missed most often or very
In-frequently were all eliminated from the test, The remaining
words were arranged in the order of their audibility value. Then
groups of 5 words from each audibility catogory were drawvn from
the sample and 2 listsA and B were prepared. Six words from
various audibility categories were used as practice itemsin each
test, form the picture of all these words were mounted on posture
cards with no relationship to each other and were attended with
rings for ease of handling; these cards were numbered according
to the presentation order. The procedure for administration of
this test is as follows.

She child is brought into the test room and is mede to sit
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on a chair comfortably. Then the assistent examiner sits beside
tht child and handles the test cards and also conveys the res-
ponse of the child to the examiner. The practice items are pre-
sen ed first, then the 1st test word of the first group is pre-
sented at 10-15dB above the estimpted threshold. If a response
Is seen, then all the words in that group are presented with 5dB
alteration for each word, Then the second group of words are
taken up and are presented inamanner similarto 1st group, by
starting at the same level as for the first group. Thus as each
first word in each group is presented at the same level, it re-
sults in the presentation of 5 words of varying difficulty being

presented at the same intensity levels.

The threshold was defined to be the lowest level at which 50%
of the items are correctly identified. The SRT obtained from this
test was compared to the pure tone average and a high(0.93) cor-
relation between the two was observed in 54 normal, articulatory
defecture and hearing handicapped children(Muller ) There-
fore this test was claimed to be Valid and reliable test for

children.

Vander Host(1969) developed a picture identificption test and
named it as "Linister Test". He used a bo ok with pictures in it
and arranged 4 picture in each sheet. These pictures were shown
to the child, prior to testing and was made to name them. This
was to ensure that the words were within the vocabulary of the
child and also to make sure that the pictures were not ambiguous.
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The 1st sheet was used for practice. The word were all recorded
and the list words were of the form as follows: "tree", three",
key and feet". The child was instructed to point to the picture
named by the examiner. This test was standaraised on 106 childern
of agae ranging from 5-7 years. Therefore he claimed that this
list to be a useful test for both normal as well as hard of hearing

children.

Rajeshekar (1976) has devloped as SRT test in Kannada for
children. First he collected a set of words which occured most
frequently in kannada. From these, 104.2 to 3 syllabic words which
were picturable were chosen. These words were then subjected to
familarity testing, that is these words were given to childern of
3 to 5 years of age and were instructed to rate them as most fami-
liar to least familiar. Only those words which were rated as
familiar were included in the test list. The pictures of these
words were also shown to the children to rule out the existence
of anbiguity in these pictures.,and finally the homogenity among
words was also taken care of, then the final list was recorded
with a carrier phrase: "Aidrnos Torism: at "0" meter defelction
with aninterstimulusinterwal of 5 seconds. The instructions

to the subject was to point to the picture named by the clinician.

The 15 pictures corresponding to the stimulus words were
randomly divided into groups of three and were pasted on in-
dividual sheets along with two more pictures that were not included

in the test. The letter waS to control for the selection of
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pictures on an elimination basis. Totally 15 stimulus and 10

nonet isulus pictures were selected and were bound in the form

of a booklet with 5 pictures on each page. The presentation of
stimulus was based on random number table. The number of correct
responses were recorded and in this study mean SRT of 21dB  PL
was obtained in children of 3-5years. This test was later standa-
raised on, a group of children of 5-10 years of age. This is the
test which isnow being used in the clinics for testing children

in our clinical set up.

Thus the receiver of these tests,have pointed to the validity
of these tests in the evaluation of children. P-1 tests have been
found applicable to children because of the following reasons:-

1. It familates good report
. It stimulates responses, related to the level of
hearing activity,

2

3. It hold's the,child's interest

4. It helps in cliniting spontaneous responses.

5. 1ttakesintoaccount the short memory span.

6. It keeps the child in a sendentory position and

7. does not demand a verbal response.
(Siegenthaler, Pearson and lesak).

Thus the picture identification meets almost pll the criteria
listed for a SRT test for children. But the picture identifica-
tion tests have some limitations, like, difficulty in the selec-
tion of words which are picturable, the failure of the picture to
represent the stimulus word, the difficulty in developing equi-
valent test lists. But the limitations of the picture identifi-
cation are less compared to its many advantages. Therefore
these tests can be inferred to be valid tests for obtaining SRT
in children especially the younger age group.
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For the older children with sufficient speech and language
the standard procedure can be used with only a slight modification
Here the child may be given the opinion, that an airplane game is
being played, with the child as the pilot and the examiner as the
controller. Then he is instructed to repeat the words presented
to him through the earphones, The examiner has also to wear ear-
phones to make it look more realistic. Thus this kinds of sugges-
tions helps to motivate and cricit co-operation from the child
Another possibility is to couple the earphone to the telephone
receivers and test the child using the telephone. But if the
child refuses to use the telephone receivers also, then one can
resort to sound field testing. But here certain precautions should

be taken, these are:-

1. The amplifier interposed between the loudspeaker and
the audiometer should be properly calibrated.

2. The child must be made to sit in front ~nd facing the
loud speaker (3' to 4'),

5. the child should not be allowed to roam about, as this
will result in variations in the level of the signal
reaching the ears at a given time.

Having taken care of the above, one can get reliable threshold
by following the standard procedure.

Thus older childern, who co-operate with the examiner and who
have adequated speech and language, can be tested by the procedure
adopted for the adults. But for the younger children and difficult
to test population. The adult procedure is not appropriate therefore,
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the picture identification tests seems the best method for obtaining
SRT. Reinforcement of thecorrectresponses,increasechancesofeliciting
consistent and reliable responses at levels nearer to the threshold

of hearing.

The speech reception threshold contributes P lot in obtain ing at

clear clinical picture of the problem presented by the subject.

It gives an estimate of the extent of hearing loss. It aids in
locating the damage a long the auditory pathoay and information re-
garding the degree to which the extent and type of loss

combine with basic abilities and personality to cauae ? handicapping

effect is PISO desired from SRT.

It verifies the pure tone audiogram This is considered to be
one of the important applications of SRT.A Close correlation bet-
ween pure tone average of 0.51K and 2KHs f»d SRT has been reported
by a number of investigators (Hughson and Thompson 1942, Karhant
1946, and Harris 1946; Keaster(1969) Carhant 1971, Fletcher 1950
Quiggle et al (1957), Lercoff 1958, williamson 1973 and many others).
The difference between SRT and PTA is most often given to around
10dB. This close correlation between SRT and PTA has been reported
to have ccnsiderable significance in cases who give in consistent
pure tone responses, like for example, Functional |oss cases, very

young children, and dififficult to test population etc.

Thus SRT reflects the pure tone configmation and on the other-
hand SRT can be estimated from pure tone loss. A formula has been
developed by Cahhaht(I1971) (cited in Williamson 1973) to compute
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SRT fromPTA This is as follows: -
SRT = (Hh0.5 + HL | ke/s)-2dB.

The prediction was found to be within 10dB of the SRT obtained by

the standard procedures. Thus thisformulais advocated for the

prediction asit is claimed, to reduce fatigue and time. But

it does not really, same time as pure tone threshold have to be
obtained to predict SRT. Another limitation is that the Carhaut's

formalatakes only 2 frequencies that is 500 and 1K and therefore

it does not reflect the sensitivity at high frequencies tones.
So Harris, Haineso Meyer(1956) suggested the prediction of RT
from regression equations. Bat this has many more limitations
compared to Carhaut's formula. The following are the limitations

The constant tobe subtracted, in this formulavaries as a func-

tion of frequency, the reference level to which the audiometer is
calibrated and the extent to which the instruments conform to
the standards. Thus compared to be Harris et al formala, Carhant's

Is preferable as equal weighting is given to both frequencies
in this formula.. But the best would be to obtain SRT by the

standard procedure,

A high correlation between SRT and PTA has been obtained in
children (Siegenthf»ler et al 1954) as young aS 3 years of age.
Stark and Gannaway 1971 have not observed any difference between
the SRTs in children and Adults. Therefore this alsopoints out
to a correlation between PTAsand SRT in children similar to

as seen in adults.
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Thus from all these studies, one can conclude, ST to be
useful in the prediction of pure tone loss. The other advantages
of KM are it seems as a reference point for a number of thre-
shold measurementslike speech discrimination(Siegenthalec et al
1954), andit also aids is thediscription of patient's handi-
cap and in predicting the prognosis (Hardy and paule 1950)

Thereliability of this measure in children has been esta-

blished by several investigators (Martin, Coombes 1976, Siegenthala
et al 1956, Hodgson 1972s).

Thus through Hirsh et el 1955 and Meyerson 1956 consider SRT
to be an unnecessary measure, its worth especially in ths eva-
luation of young children has been stressed by the majority of
the investigators who have weaked in this area(Hardy and pauls

1950; Siengetheler et al 1954, Martin; Coombes 1976 Hodgson 1972.
and others)



Speech Discrimination Testing : 4.46

The two important functions of any speech list isto
assess the social adequacy of a subject's hearing and to allow
for differenatiation among various aduitory pathologics. The
social adequacy refers to the general communication efficiency
that is the ability of an individual to understand normal,
conversational speech. The normal conversation occurs at
suprathreshold levels, Therefore, SRT which is a threshold
mesure fails to assess the social adequacy of an individual
hearing and is not of much help in the differential diagnosis
of the various aduitory disorders. Thus this necessitated
the development of speech discriminiation tests which measures
the ability to repeat speech presented at a comfortable
level,

Logically the material to be used for speech dis-
crimination test should be the kind speech used in every
day life. But it is not done so because it is too redendant,
and this will result in an over estimation of one's discri-
mination ability. Therefore other types of material have been
used like, nonsense syllables, monosyllabus, Di. syllabus and
sentences syllabus etc, The individual phonemus or
nonsense syllable are not recommended for two reasons, first
Isthat they are quite abstract and are decoid of
symbolic content

The moo syllables

have been found to give an accurate reflection of one is
speech discrimination ability, The first speech discrimination
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test to utilise monosyllabic words as stimuli and to in-
corporate the concept of phonetic balance was the PB-50
listsdevelopedattheHarvard PAL (Egan1948, citedin
Tillman and Olsen 1973). Thislist consists of 20
lists of 50 words each which were selected on tha basis
of tha following creteria.

1. A monosyllabic structure.

2. equal average difficulty and range of difficulty

3.thewordswhichareincommon usage.

4. whichhaveequal phoneticcompositionand

5. which are reflections of the phonetic composition.
This test had certain limitations, like,

1, these lists were not recorded for commercial dis-
tribution,

2. the phonetic balance was not perfect and
3. the list vecabulary contained a number of rare
words.
In spite of its limitations, this list received extensive
application in the assessment of hearing imparied veterans
and this represented a milestone in the development of
more refined speech discrimination tests.

These PB-50 words were subsequently recorded on discs
a the central institute for the deaf by Rush Hughes. But
due to the fast rate of speech of Rush Hughes, the lists

become very difficult, there by limiting its application for
routine use. This led to tha development of the CID co-22
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words lists by Hirsh et a () at the paychoacoustic

laboratories, Maskins. The CID W-22 word list comprised of
4, 50 word lists which were familiar and were phonetically
blanced. These lists have been clamed to be of more vaue

in the differentialiah of diagnosis of auditory disorders.

| ehisto-peterson (1959) developed the CNC word lists
by placing emphasis on the phonemic balance and rather
than phonetic balance.
Some of the other test of speech discrimination test
are:
1.Multiple choice lists = among these are the
faribanks rhyme test (1958), modified rhyme
list given by Honse et al 1963.1965 and
clarke's (1965) phonetically balanced rhyme
test. These list are not of much usein a
clinical set up as sthe validity of these on the
clinical poulation has not been very satis-
factory.
2. Synthetic identification list, Jerger and
speaks (1965). This testhas been widely used
in the diagnosis of central auditory dis-

ordres.

There lists were standardised on the adult population
and therefore may not be applicable for testing childern

directly..
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A clinican, who is set to administer a speech dis-
crimination test, has a privelege to chose any materials
from his armatorium
as no singlelist or a particular
material has been established as standard material. The choice
should be made in accordance with the goals of testing and
should be appropirate to the subject. But as far as the pre-
sent day clinical practice is concerned, the PB word lists

are being used in speech discrimination testing

The adult speech lists cannot be used for childern
because of, 1. childern's probabl e retaradation in language
devel opement, the test words may not be in their vocabulary and
therefore the task will not be of auditory discrimination alone
but will include language also. 2. Childern with long standing
or congential hearing loss usually exhibit articulatory pro-
blems which frequently make their oral response to aword
unintelligible to the examiner and 3. because of their age.
written responses are not feasible. Thus these limitations
of the adult lists led to the development of new test lists.
or modification of adult lists for childern (Rose and
lerman 1970). A test for childern should meet the following
criteria-

1. It should have words which are all in the
vocabulary of childern.

2. The response mode must be speech
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3. Should cover a wide range of auditory dis-
criminatin ability, thus an adequate number
of materials must be included (Ross and
Leaman 1970).

4. Should have sufficient number of appropriate
stimuli to reduce the probability of chance

sel ection.

A numbe of variables have an influence on the speech
discrimination performance. Thse are:-
1. Type of material selected as stimulus itmes
2. The context in which the stimulus items
are presented

3. the type of response required of the listner

4. the presence of background noise
5. inclusion of a training session to familarise
the listner with the

meanings of the at imulus words
6. Talker variations
7. Inclusion of carrier phase
8. Reutterenses of the Ilist materia by a
given speaker.
9. the deliberately introduced destrostion

10, The standardisation of test.

As in the testing of SRT in Children ,here also pictures
are used. May tests of speech discrimination have been deve-

lopedusingpictures. (continueatedpageNo.4.52)
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Siegenthfler and Haspiel (1966) developed a test,
termed as Discrimination by identification of pictures (LIP)..
Thislist consisted of 48 cards with 2 pictures on each
card. The list wasadministered to 295 normal childern,
age ranging from 3 to 8 years at SL s of 0,5, and 10dB
Three testlists ware contructed form the two picture matrie
Reliability of the 3 lists at the three SL's ranged
from 0.36 to 0.30 with an eror of measurement of 5%.
Correct scores due to chance selection was high as only.
2 choices were involved in any one matrin. In this list,
selection of test words was based on contrasting acoustic

dimension rather than on a phonetic balance concept. In a
follow up study,the authors administered this test to a

larger group of hearing imparied childern and obtained satis-
factory results with areliability co-efficient of 0.60
to 0.84.
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Thus modifications of the adult |ists was tried but
it was not very successful as even the picture representations
of the words comprising PB-50 and 20-22 lists were difficult
to develop. Many of the words were not is the vocabulary as
Already pointed. Therefore employing the concept of phonetic
balance pnd word familartiy, Harskin(1949) and Hudgins(1947)
modification a of adult list was made. The Haskins word |i st
care to be termed as phonetically balanced kindergarten lists
(PBK-50). These lists have been used very widely in the

clinical set up. Four tests of PBK-50, were developed and
standardised on normal hearing adults. The scores on these tests

were compared with adult list PB-50 words. But data concerning
the clincal
significance of PBK-50 lists in hearing impaird children is
very merge. No commercia recordings of these lists are

available. Therefore more sudies are required for validating this test

test.

Myatt and Lendis(1963 developed a multiple choice picture

identification which consisted of words within the vocabulary
range of prischool children. This was a 4 picture matrex.
These lists were administered to norma as well as trainable
retarded group. The results suggested, that the |ist was useful
for children with am 1Q of 50 or more. But in this test some
pictures were poor representption of test words. The chance scores
were high and some words were too difficult, therefore this

list was revised by Ross pnd Lerman (1970).

She list developed by Ross and Lerman is termed as
"word intelligibility by picture identification list"(WIPI).
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WIFI: requires two clinicians an examiner and an observer.

This can be administered either in sound field or through

earphones. coloured picture cards are used as material. In

each card 6 pictures would be present. Four of them pictures

havewordsrhymewith other two arewhichis

to decrased the probability of a correct guess. Each card

Is showed to the child. The intensity diat is set

at alevel above the SRT, and the child isinstructed to point

to the picture named by the clinician. The response is

relayed to the examiner by the observer. For each correct

identification of a picture, the child is credited with

4 percentage points. The total of 25 words in each |ist

yields a possible madimum score of 100%. The WIH test

was recorded for commercial purposes and the pictures were

a standardaised and therefore the value of WIPI in

the assessment of speech discrimination of children is high.
Van def Hirsh (1971) developed speech discrimination

test using pictures which is referred to as "Luister Test".

The material for this test comprised of a book with

pictures and material to enable quick and easy recording

of scores. The text book consisted of 26 sheets, with 4
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pictures on each sheet. The first sheet is used for
demonstration. From the next sheet, onwords, the name
of one picture is presented, the child pfter listening
should point to the corresponding picture. The words
used in the 1st sheet ranged from difficult to easy.
an example of the words used in one

sheet of the list; tree, three, key and feet.

A 1KH reference tone at 6odB was recorded prior to
the recording of the speech material. This |list was
standardaised on 106 children of age ranging from 5 to
7 years. This list was found to distinguish between
normal and hard of hearing quite reliably. Therefore

this can be eoaloyed while testing children.
Gramer and Erber ( 1974 ) have also formed a spondiac

recognitiontestusingpictures as stimuli. In thislist, 10
bisyllabic words containing A wide range of speech sounds
and none of them sharing the same 2 vowels in the same
order were included. These words were not phonetically
balanced. The list words were first f amilarised and then
presented. Picture cards were formed to represent the test
items an interval All the stimulus words were neorded with
initial and final syllable within A range of 256 - 400 msec
and an interval between syllable peaks of 450 and 600
m.seconds. Thus it was so recorded that all the words

were similar with respect to duration and intensity.

Each child was tested in a noise free room, Prior to

the administration of the list, all the pictures were shown
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L earson and Peterson and Jacquot have advocated the
use of Tillomen and Cochart's (1974) Northwestern unversity
test No.6. For the speech discrimination testing with childern.

Erber (1972) the effects of visual and hearing dis-
crimination in normal hearing and severly/profoundly loss
cases. N-hairing no problem with auditory cells alone, some
hearing loss cases could recognised the word and voiceless.
plosires and nasals that profouss loss manifested an overall
poor hearing percaption.

In the combined needs, of presentation slight

improvement was seen in the visual conditonalone, in pro-
found loss group compared to the other 2 groups. As these
tests was not of much use in the profound loss cases it was
not adopted for routine clinicl testing.

Erber and Alencewicz (1970) have developed a
uaudiovisual discriminationtest. Thistest comprised of
speech detection and speech discrimination testing. In this
12 picture cards illustrating 4 nouns in each of the 3
stress categories, Monosyllables, troches and sponders were
used. In the first step of administration the children were
presented all the picture cards and thy were instructed to have
them and then had to identify each one of them when presented
audiovisually. This formed the speech detection threshold test,
for descrimination testing, each words was presented twice at
the most comfortable level, which was determined during the

first portion of the list, with no visual was scoring
was, according to the percent of word correct and the percent
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correctly by stress pattern. This list was found suitable

for children of 5 years of age. The clinical value of this
was, it assisted in selecting the appropriate ear for a

hearing aid and is deciding if winairal hearing and would
be appropriate.

Ling ( ) has formed a test which involves
vowels /a/lu/and/L/and two consonants/s/and/S/. This
list is claimed to tap-the hearing for particular formants
and therefore useful in ** the child's potential speech
discrimination ability. This test provided for testing under
earphones and sound field, eider and unaided. The author
reports of this test being success 1 with children as

young PS 6 months.

Thus above given tests are the ones which have been
developed for testing, the speech discrimination ability
of children, during the recent past. Some of these tests
were compared between each other, to ** the validity

of the tests.

The WIPI and PBK-50 word lists were compared by

Joans and Studebaker (1974) WIPI was found tobe better

compared to PBK-50. Thiswas because WIPI isaclosed

set pradigon, and PBK-50 is an open set paradigon, In
an open set paradign, the child has to select from an

unlimited set of possitibilites, where asin a closed set,

it is a forced choice between limited alternatives
scores of WIPI test correlated hightly with other date

regarding the hearing function, Therefore a closed set
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pardigm, is considered to reflect the speech discrimi-
nation ability more accurately. Sanderson and
Reintelmann(1971) allso obtained higher scores on WIHA
compared to PBk-50 list. But in comparison to NU-6, the
WIH and PBK-50 yielded better results. She conclusion
dravn from these studies, is that, the WIF is best
applicable for young children, a combination of WIHA

and PBK-50 works well for older children and to use NU-
6 for older children, Only when on is interested in hearing

aid evaluation.

Thus speech discrimination measurements,are important &
aids in diagnosising the degree and type of disorder, in
the selection of an appropriate remediation and for the

selection of hearing aid, in children.

Mesking:

As unilateral loss is not common in children, one should
look out for the contralasteralisation of the speech
stiaiuli. Therefore when measuring either SRT or speech
discrimination, one should take care for the above mentioned
factor. The Masking is very much important for speech

disdcrimination asit is conducted at suprathreshold levels.

In children masked SRT can be obtained by explaining
the presence of noise aspect of the listening gave and by
reinforcing the child contingently. Studies on masking
of speech in children have shown that, children are moe
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effected by the noise and gave to poor performance in
the presence of noise centred to the adults. This diffe-

rence has been attributed to the following reasons:-

1. underdeveloped speech skills,

2. less knoledge of the language,
3. a lack of well developed listening skills, and

4. stratigies employed by tbe child.

Difference kinds of stimuli have been

used for masking;

Frank and Raymond and Karlauh have recommnded the use of

masking in measureing SDT and SRT.

Bone Conduction speech audiometry:

Asin the case of puretones, bone conduction testing can
be employed for speech lists as well.
The bone conducti on speech measure
would be very useful in children, when, the pure tone tests

are often a failure. Both bone conduction SRT and »peaeh
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and speech discrimination has been found to be very useful

inaclincical evaluation of hearing of young children.

Goetzinger and Proud (1955) have found a high con-
relation between the pure tone averages and BC speech
reception threshold. They recommend, a comparison between
BC and AC speech receptionthreshold as, this would con-

tribute to the diagnosis of conducture hearing loss.

Herrell et a (1964) have found the mean BC SRT was
40dBre". Speech zero. that is a 40dB of energy re-
sulted when speech was routed through the audiometer is
BC circuit. stockdell(1974)have all found a high cor-
relation between AC and BC SRT and BC PTA and AC PTA,
Srinivas(1974) has advocated the use of BCRT in the testing
of children especially under 4 years of age (cited in valente
and Spark 1977)

The BC speech discrimination mepsuramacts have been
considered to be of importance in assessing the success of
stapediatomy operaton and also in diagnosis of severs mixed

type losses,
determine speech discrimination ability when the
air conduction  spending  discrimination  cannot be obtained.

A high bone conduction speech discrimination
score also helps eliminate any doubt that the pure tone
bone conduction thresholds may have been the result of
tactile mather than auditory perception(Mobar 1970) cited
martin 1978).
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Thus bone conduction speech audionetry la specially
of clinical significance in the testing of children.

There are sone children who have nornmal hearing but
still manifest problens with the discrimnation of speech
and |ag behind the others educationally and fail to deve-
| op adequate |anguage. These children, fail to be identi-
fied by the routine audiol ogical tests. Therefore, for the
identification of these cases, supra threshold speech audio-
metric measures have been very successful. Some speech
tests that have been enpl oyed for the di agnosi s of central audio-
metry disorders are: (a) Filtered speech test, (b) Tine
conpressed speech test, (c) Staggered Spondee Wrd Test,

(d) Synthetic sentence identificationtest with ipsilateral
conpeting nmessage and contral ateral conpeting message test etc.

As in the case of other test battery, even these tests
were originally devel oped for the adult population and there-
fore norns for children are not available for all the tests.
Some investigators have tried to apply the sane tests to
children (Palva & Jotcenen ( 1975 ), Aston (1972), Magatuch
(1974), Shriner and Beaslwy (1969), Maki and Cehik (1976).

The application of filtered speech tests to children has
been advocat ed by (Boothroyd, 1970; Palva and Jokenen, 1976).
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Boothroyd (1970) administered low pass and
high passfilter ed speech to children and found higher scor es
of speech discrimination in children compared to the
adult counterparts. The high pass filtering had a mae
pronounced effect on the scores in children. The dis-
crimination source of children was found to approximate

that of adults by 8 to 12 years.

Palva and Jokenen(1975) administered undistorted
and filtered gspeech tests to subjects of 4 to 19 years of
age. In both the tasks, the younger age groups scored
poorly, compared to the older age groups. This poor per-
omance of the younger age groups were explained on the
basis of an absence of a complete set of phonemic cate-
gories, inadequate vocabulary and higher incidence of

articulatory disorders.

An ear difference was obtained in the younger age
groups but not so in the older. This was attributed to
a functional asymmery in the auditory system or
due to a cerebral dominance in the younger age groups
(fenfield and Roberts, 1959) (cited in Palva and Jokenen,
1975).

The blnaural scores did not differ from the nmar
aural better ear scores. This showed that the binaural
synthesis of the two different frequency bands is not

developed in the younger children.
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Thus, on the distorted test, the scores improved
from age 3 years to 11 years. Therefore, filtered speech
tests can be usd in children
older than 11 years or by obtaining rav norms, it can be

used to test younger age groups.

Adtton (1972) administered filtered speech test
to hearing Impaired children of 9 to 14 years of age.
Frequencies above 700Hz were all filtered. The results
dowved no difference in the scores of hearing impaired
on the filtered and unfiltered speech tests, but normda
counterparts doowed significant difference. Fan this,
it was implied that, the hearing impaired do not meke
use of the spectral information provided by high fre-
guencies to perceive speech, in contrast to normd

children.

The learning of correct place of articulation
Is dependent upon the high frequency spectral infor-
mation. The hearing impaired, fail to ragke use of high
frequency spectral information axd they also fall to use
the low frequency and durational cues. Thus, all these
combined together is the cause for the poor speech dis-

crimination scores in hearing impared children.
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Nagafuchi (1974) studied the responses of mentally
retarded children to filtered speech tests and found the
scores were poorer compared to normals for all the three
bands of filtering, that is low pass filter, high pass
filter and band pass filter. But the scores were poorest
for low pass filter compared to other two in both normals
and mentally rsetarded which supports the hypothesis that
frequencies above or around 1000- 1500 Hz are more impor-
tant for intelligibility.

The studies of filtered speech tests in norma and
noms for filtered speech tests are not available for
children. Therefore, these tests have limited clinical
application for children.

The other test of central auditory baltery
which has been studied for its application in testing
children is the time compressed speech. Beasley, Maki
and Orchik (1976) temporarily modified the WIR and PBK-50
word test to equalise their difficulty and obtained the
speech discrimination scores in children of age ranging
from 3 to 3 years. The percentage of correctly repeated
words and categorised correctly with stress patterns
were measured. The maxdimum discrimination obtained ranged
from 77 to 100% at a level of 24-36 dB. This maimum dis-
crimination level coincided with
the level preferred by the subjects. Therefore they con-
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cluded that time compressed speech could be employed for

hearing aid evaluation.

Oedlschiasger and Orchik (1977) studied the per-
formance of a case with central auditory disorder on
tine compressed speech discrimination test. The
performance was poorer in the ear contralateral to the
site of lesion. Thus from this they concluded that time
compr essed of WIA discrimination tests can be
used for the diagnosis of central auditory disorders in

children.

Beasley, Flabfcrty and Bintdmann(19/6ussd temporally
distracted sential approximation of varying length and
studied the norma 2nd and 3rd grade children's perception
on these tasks. The results showed that as the length
of the sential approximation was increased the perception
improved and vice versa when the length was decreased.
As age advanced the scores were found to improve. The
numbea of correct results also decreased with increasing
sentence length. On the basis of the results obtained
in these norma children, they inferred that sential
approximation can be used to assess the integrity of

central nervous system in children.

Thus temporal alterations of speech signals have
been found to be useful in identifying chlld with the

central auditory disorders.
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SUMMARY

Thus the speech audiometric tests are valuable
tools for the clinician in the testing of children's hearing .

The RT measures, estimate the extent of hearing
loss for speech. The threshold obtained has a close re-
lationship with the pure tone thresholds (Carhart, 1946;
Fletch, 1950; Graham, 1960) Hume 1946 and others).

The two measures SRT and PTA are found to exist within

a range of 0-10 dB. Therefore SRT can be used to predict
the threshold for the child, in whom the pure tone audio-
metryis not relaible. SRT also provides a base line to
predict ear's sensitivity at supra threshold measures,which
iIs very much used in obtaining threshold in the difficult

to test population, and provides information regarding

the sensitivity of the two ears separately, which aids

in the diagnosis.

The KT provides information] the subject's abi-
lity to detect speech. This can be equated to the thre-
shold for broad band noise. The information provided
by this is centered between the frequencies 300-3000Hz
which are the critical frequencies necessary for under-
standing speech.

The speech discrimination measures, aid in
diagnosis, differential diagnosis, selection of aid and
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in making proper referrals and provide the social

adequacy index. Thus the neasures of speech audionetry

aid the clinician to make an accurate assessment of the han-
di capping effect of the hearing |oss.



CHAPTER V

| MPEDANCE AUDI OVETRY | N CHI LDREN

The middle ear is interposed between the source of the
signal and the cochlea. Therefore the condition of the mddle
ear has a major influence on the flow of energy to the cochl ea
that is the input to the cochlea. Any pathol ogy af fecting
the m ddle ear structures will inpede the conduction of sound
to the inner ear and thus m ght adversely affect the devel opnent
of the child. Many studies have reported of the effects of
m ddl e ear pathol ogy on several aspects of a child s devel op-
ment (Holmand Kunze 1969, Libby 1974 and Rock 1974, Schwartz
and Redfield 1915, Ling (1972)

The mi ddl e ear pathology resulting in mniml |oss or
fluctuating loss has been reported. to inpede the devel opnent of
speech and Language (Holm and Kunze 1969) Schwartz and Redfield
19*73). A delay in the devel opnent of |anguage skills requiring
the reception or processing of auditory stimuli or the production
of verbal responses has been reported by (Holmand Kunze 1969).
Schwartz and Redfield (1975). have reported of |ower scores on
vocabul ary and reading tests in children with mld conductive
| oss conpared to the normal children. Hamlton (1973) has al so
reported of findings simlar to that of Schwartz and Redfield

(197r).

Ling (1972) has reported of a causal relationship between

otitis nedia and educational retardation. A mean | oss of 25dB
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in childrenof age 9 to 10 years was observed to result in retarda-
tion in the areas of problem arithmetic, mechanica arithmetic ad
mechanical reading. Libby and Rok (1974)have also reported of
educational handicap in children with middle ear pathology.

The middle ear dysfunction has also been observed to
deprive a child, of proper sleep ad thereby resulting in an impair-
met in the ability to live ad learn in ongds environment (Sitter,
Kozdskey and Wadm ford 1976.

Medica complications following an unidentified and untreated
middle ear pathology has been reported (Sitter, Kozedsky and Wood
ford (1976). The types of complications which can result fram a
middle ear disease are: pemanet S.IN. loss (English, northern
and Fria 1173), mastoiditis, meningitis, anrd other intracranial
complications (Sitler, Kozdsky ad Woodford (1976), Blue stone
(1977)

Thus, all the aove studies, point to the importance of
an early accurate identification axd assessment of middle ear
disease in children. The traditional method of identification
of -midde ear disease in children has been through 'Otoscopy"
But an otoscopic examination has certain limitations. In very
young children one often faces difficulty in conducting

adequate otoscopic examination, another limitation is, not all
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pathologies are revealed by otoscopic examination. This necessity
for a more refiled method for an accurate identification of middle
ear pathology led to the use of impedance audiometry for the diag-

nosis of middle ear pathology.

Impedance audiometry is an objective means of assessing
the integrity and function of the peripheral auditory mechanism.
The impedance audiometry aids in the determination of existing
middle ear pressure, tymoanic membrane mobility, eustachian tube
function, continuity and mobility of the middle ear ossicles and
the condition of the Sensori-neural system (Northern and Downs 1974).
The earliest investigators to use impedance measurements in chidren
were Robertson et al (1963, cited In Northern and Downs 1974).
An impedance/compliance and acoustic reflex threshold provides
significant information, the diagnostic value of each increases
when the results from all three procedures are considered
together (Northern and Downs, 1974).

In this chapter, the contribution of each of the above
mentioned test procedures individually and in combination, in

evaluation of children of varying age groups will be discussed.

Tympanemetry:

Tympanometry refers to the measurement of the compliance
or the mobility of tho tympanic membrane as a function of mecha
nically varied air pressures in the external auditory canal.

(Northern and Downs 1974). The compliance of the tympanic membrane
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at specific air pressure are plotted on a graph, which is referred to
as "Tympanogram'. A tympanogram provides information about the
pressure status of the middle ear, the integrity and mobility of

the eardrum, the integrity of the ossicular chain ad the resonant
point of the middle ear. Thus an interpretation of the tympanogran
includes the analysis of (a) Pressure pesk (b) amplitude, ad

(c) shape. Within this framework, it is possible to differentially
diagnose the various pathological conditions affecting the middle
ear. In the analysis of tymnanograms, one can use either a coding
syssem agpproach (Liden et al, 1974 and Jerger 1970) or a descriptive
analysis approach (Fddmen 1976). In this chapter the coding system
approach will be usad to describe the different pathological condi-

tions

Jerger (1970) ad Liden et a (1974) have described
types of tympanograms and have associated each type to a group of

specific middle ear pathological conditions,

All the data mentioned above were obtained from the adult
population, whether this would hold good to children is the
qguestion, that is to be answered. May investigators have reported
of a similarity in the basic type of tyrgpanograms between neonates,
older children and adults (Fulton and Larb) (1972), Jerger (1970)
Keith (1973), Morthern and Doms (1975). ' Qe difference in the
type of tympanogram which has been reported is the presence of a
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W shagped tympanogram, obtained using 220 Hz probe tone. But this
configuration was observed, to approximate the adult pattern with
the advancement of age (Cannon, Smith and Reace 1974 and Keith 1975).
Core ad Gerber (1975) have also reported of chang&s in the type

of tympanograms with maturation. Bennett (1973) have observed a
double notch tympanogram in some donates of 5-213 hrs. of age
which returned to a single notch tympanogram with increase in
age. He denoted single notch tympanograms as and double notch
tyrgpanograms as D. He mede a further subdivision in these two
categories. The S wes further subdivided into S;, S, and S;.
The S; which was similar to the tympanogram obtained a in normal
adults (Jerger 1970; i.den et al 1974), that is the position of
the notch was at Ommmidde ear pressure. The S, referred
the tympanogram with a broad notch, with a mean width of 30nm
The S3 referred to the tyngpanogram which manifested a rapid
increase in the acoustic impedance, with the application of
positive or negative middle ear pressures. The D type tynpano-
grams were further subdivided into D; and D,. The D; referred
to the type which was similar to S; but with a double notch.
The D, referred to the type which was similar to S; but with
double notch. The type D, in general was the type which
manifested a positive notch at +129mm. HX and a negative
notch at -30raga HXO with the separation between the two notches
varying from 15 to 88mm H,O . This type D was observed in almost
all the neonates of 5-11 hrs. and as the age increased, the inci-

dence of single notch tympanograms also increased.
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The
double notch'was attributed to the flaccid tympanic membrane seen
most often in neonates. This flaccid eardrum improved the transmi-
ssion characteristics of the middle ear on application of positive

or negative pressure, resulting in a double notched tympanogram.

As the otitis media was found to be very common in neo-
nates and young children, more importance was given to the middle
ear pressnre measurements. (Lamb and Dunckel (1975). The first
indication of the serous otitis media, is a negative pressure peak
in the tympanogram. But what constitutes normal pressure in child-
ren is still being debated. A lot of controversies existing regard-
ing the cut-off point that is to be employed to demarcate norma and ab-
normal pressure in children. Keith (1973) found normal pressure
in neonates of 36-151 hours of age. The average pressure was found
to be 45mm. Beinett (1975) also found norma pressure with a range
of -45 to +#5mm in neonates of 5-213 hours after birth. Allerd
et al (1974) reported a positive pressure in neonates 20 to 50 hours
following birth, but which was found to become slightly negative
at the age of 6 weeks. Poulsen and Tos (1978) studied the middle
ear pressure changes at birth, 3 months, and 6 months following
birth. At birth they found a negative pressure of -100 mm in 10.6%
and only in 3% did he find the negative pressure of about -125 mm H,O.
At 3 months in 17.9% of his subjects, a negatlve pressure of less
than or equal to -100mm H,O was observed. At 6 months of age, in
39.2% of the subjects a negative pressure of less than or equal
to -100mm pressure was noticed, and in 13.1%, a flat curve was
obtained, and in 9.6%, a middle ear pressure ranging from -200 to

-300 mm pressure was obtained. These investigations also, reveaed
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normalization of air pressure with increasing age. Bu a parallel
increase in the incidence of type C, (-200 to -300ramH;0) was
also observed. Therefore they analyzed the cause for such pre-
ssure changes, axd attributed such changes in pressure to the
increased incidence of catarrhalia. At 3 months, 23% had catarr-
halia, where as at 6 months of age, 60% of the infants had bata-
rrhalia. Thus, the increase in negative pressure with age weas
correlated to the increased incidence of serous otitis media

resulting from catarrhalia, with age, upto about 1 year.

Poulsen and Tos (1979) studied the middle ear pressure
status in children wo were in their latter half of the first
year of life. At 6 months of age, a pressure of 099TM weas
obtained in 62% of subjects, but at 9 months, with 1% - flat
type, the middle ear pressure manifested deterioration axd at
12 months, in 40% a pressure of 09nmMm H,O was observed ad
in 28% a pressure of -100 to -199 mm HO was observed and 13%
gave a flat tyrgpanogram. Thus, a deterioration in the pressure
status was observed as age advanced from birth to 1 year. These
changes were again attributed to the increased incidence of
catarrhalia from 6 months to one year of age. Tos et al(1978)
observed a pressure of -100 to -350ramin 39.5% and a flat type
in 10.8% of subjects of two years of age. Bu in older age
groups, a steady decrease in the negative pressure has been
reported by may studies (Walton, 1975; Brooks, 1969; Brooks, 1974;
McCade ad Thomas 1974; Harker and Van Woagoner, 1974).
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Waton (1975) found the memn pressure to be around -46 mm
HO in children ranging from kindergarten to 5th grade age level.
He observed a -104 mm of HO for kindergarten children and -55 ram
HO for 5th graders. This trend supports the earlier findings, that
otitis is mog prevalent in younger children and that it decreases
with age. Basad on the trend of changes in. middle ear pressure,
with age, some investigators have tried to give norms for middle
ear pressure for different age grouns (Albert and Kristensen (1970,
1972), Reuna et al (1973), Brooks (1969). Albert ad Kristensen
(1970, 1972) have given the cut off point for norma Vs. abnorma
pressure greater or enual to 3™ has been considered an indication
of middle ear pathology. Renvallet al (1973), indicated that pre-
ssure less than -30m of HO to be considered as normal, ad
greater than 30 mm HyO, as a reflection of abnorma condition based
on his study of 7 to 10 years old children. Brooks (1969) has
suggested that only when the pressure exceeds -170 mm H)O, should
it be considered as an indication of middle ear pathology, based
on their findings in children of 4 to 11 years old. Brooks(1975)
Liden and Renvai (1977) claim, the ideal criterion of norma pre-
ssure to be less than or equal to 18> m HO. But a compromise
has been recomTaded as a cut off point between norma and ab-
norma pressures in children upto 5 years (Jerger 1970;
Harker and Van Wegong 1974; McCandles and Thomas, 1974; Blue-
stone; 3eecy & Paradise, 1973; Feldman, 1973; Porter, 1974;
Jer ger and Jerger, 1972).
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Static Compliance:

The term compliance refers to the mobility, or springiness,
of a syssem (Northern axd Aorous, 1975). As the compliance mea
surements are mede during resting conditions of the system, the

terra 'Static Compliance' was suggested (Jerger). In the discu-

ssion of static compliance measures, three man characteristics of
middle ear mechanical system should be considered. Thesxe are the
mass, friction ad the stiffness of the system. The mass is pro-
vided by the bulk of the ossicles, the friction is contributed by
the suspensory ligaments and the muscles supporting the ossicular
chain. The stiffness has been attributed to the resistence am
ponents of the stapes foot plate, the latter has been considered
to have the mgor influence on the units of static compliance. Tre

units of exoression for static compliance is cubic centimeter.

The static compliance is the inverse of acounstic impedance.
A meaaure of acou-3tic impedance can also be used to measure the
same entity as the static compliance. But the measures of acoustic
impedance will be inverse of static compliance. Hee the immda-
lity or resistance of a syssem to movamat is messured ad the
expression is in acoustic ohms. Thus the mobility of the sysem
can be determined either by measuring static compliance or

acoustic impedance.

A review of literature in this area, reveals that the
static compliance values in norma children varies from that of
adults. The different norms for the two groups has been attributed

to two reasons. Qe is that, tho neonates manifest high static
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compliance because of the hyper mobility of the tympanic membrane
and/or due to the relatively soft walls of the ear canal, the -
other reason was, that, the norms which have been developed for
the neonatal period, mey be probably influenced by a rather

high incidence of mldile ear diseases which occur in this age

group and thereby decreasing the compliance.

Keith (1973) found a median compliance of 1.2 cc with a
range of 0.25 to 1.65cc in a group of neonates of 212to 20 hours
of age. Fomm ( ) in an earlier study of neonates of 27 to
150 hours old observed a median compliance of 1.10 cc with a
range of 0.54 to 1.75 cc. Keth (1973) obtained a range of
static compliance of 0.54 to 1.75 cc with a median compliance
of 1.1 cc in neonates of 36 to 151 hours old. (Cae ad Gerber
(1975) (cited in Cone ad Geber 1979) messured the static aom-
pliance in infants ranging from 5 days to 13 months of age.

For theyoungest group amedian complianceval ue of 6.79 cc wasobtainedand ?
in the oldest group it was 0.39 cc. The difference between the
two oldest groups wes not significant. Thus all the above stu-
dies indicate a decrease in the median and range of the compliance
with advancement of age, especially between ths ages of three to
5 months (Gone & Gerber 1973)(cited in Gone and Gerber 1977).

The impedancevaluesin childern has been given/some investiga-
tors (Jerger 1970; Brooks 1971, Keith 1973 ). Keith (1973) has
given a value of 935 dns as norma in neonates. Berger (1970)
and Brooks (1971) have given values as 2250 and 7500 in children
of 2 to 5 years of age. Northern and Downs (1974 ) has given the
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norma value to be 900 to 1300 oyns in children.

Thus both the measures, indicate that the compliance
varies as a function of age, but overlap with the adult
values is also encountered. As a guideline, Jerger (1972) has
given the following cut-off points to ,ludge the compliance as
norma and abnormal. The range/given to be 0. 28 cc to 2.5 cc.
A variation in the value as a function of sex has been reported by
Jerger 1972 (cited in Northern and Dowas 1974) He has reported of
higher compliance values in all females. But as in case of
adults, on overlap in the compliance values between the norma

and pathological ears occur even in children.

Jerger etal (1974 has reported of the compliance values
in different pathological conditions in subjects, age ranging
from 3 to 79 years. The pathologies and the associated memn

values for each of the condition is as follows:

(a) Otosclerosis, 0.35 cc (b) Otitis Tiedia 0.29 cc;
(c) Cholesteotoma: 0.16 cc, (d) scarred or thickened tympanic
membrane 0.37 cc ad (e) ossicular discontinuity : 1.93 cc.

Thus the large variations in the compliance values with
age, sex and an overlap anag the norma and pathological ears,
clearly points to the limited value of static compliance measure-
mat in the differential diagnosis of various middle ear diseases

in children.



511
Acoustic Reflex Threshold M easurements:

Acoustic reflex threshold is the sound pressure level of
the activating stimuls which results in the smallest detectable
stimulus locked changes in conductancae, derived from the re-
corded tracings (Hirefarh et al. 1978) The acoustic reflex
threshold can also be defined as the singal threshold level at
which the staredial muscle contracts (Northern and Downs 1974)
This reflex has been claimed to have a potential value in the
evaluation of peripheral and central auditory system (Himelfrah,
Shenon, Forelke and Mangolis 1978). The relex measurements
have been consdiered to be a simple, quick, non-invesive and

INnvxpensive metehod in the adult population (Himlfarh et at

1978). Mawy atanpts have bean mede to invedigae the fees-
bility of this method in the evaluation of childern.

Allend et al. (1971) have reported of measurabl e relexes
IN 97.3 % neonates of 25 to 50 hours (cited in Lamb and Dunckel,
1975). Keith (1973) has reported of the presence of ecoustic

reflex in only 30% of the neonates of 36 to 18 hours. In 40
of the relex measures were inconclusive as they were masked by

behavioural artifacts, and in the 26% no reflex was observed
at all (cited in Gerber 1977). Robertson and Figgees (unpub-
lished) also studied the acoustic reflexex in nenonates and could

obtained resonses in only 4/68 ears tested.

The incidence of acoustic reflex in neonates has been re-
ported by some investigators (Allerd 1974; Keith 1973; Pennett.
197, Kieth and Bench 1978) but the incidnece data........



2.9

given by the investigators Vany, Kcoth (1973) axd Allerd
(1974) have reported an incidence of 30 to 33 %, Benneth
(1975) has reported of an incident- of 16%, Keulte and
Baxh (1973) have also reported of an incidence lower to
that of Beneth (1973). The possible explanations that
has been attributed to lower Incidence of reflex in neo-
nates are : (1) The presence of the senchyme in the Middle
ear which could impede the movemenetsof the ossicular chain
(2) Thedepth of sleep and (3) theincompl ete devel opment

of the neurological system which is responsible for the
elicitation of response. The latter explanation has been
confirmed by Wdf axd Goldstein (1977), especially for
the contralateral elicitation of reflex, The ipsilateral
reflex has been observed to be present in neonates by

Wolf and Goldstein (cited Keith and Baxch 1973).

In infants also, the acoustic measures have been
stndies magolis ad Ropleka (1945) have obesaerved
acoustic reflex in some infants aged 55 to 132 days.
Stream (1977) have reported of the prevalence of acoustic
reflex at different ages in infants ranging from birth to
15 months of age. An incidence of 4.2 % has been reported
in infants of 25 to 43 hrs, a 11.9%, In infants of 49 -
72 hrs, no reflex in infants of 73 to 136 hrs axd 53 % in
the infants of 15 weeks, has been reported.
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Jerger (1974 d) has indicated two systematic chan-
ges with age, in infants of age ringing from 3 mths to
6 mthsof age. The first was an increase in the number
of reflexes at lower hearing thresholds as age increased
and second was a decreased number of hearing reflexes as

age increased (cited in Larb axd Ounckd (1975)

May attempts his been made to investigate the
relation between age and acoustic reflex threshold, and
the frequency of the prense or absence of reflex
(habener and Snyer (1974) Robertson, Peterson and Lamb
(1903) Maegolis and Ponelka (1975). Habener and Snyder
(1974) have aso reported of a higher mean acoustic
threshold levelsin the first two decades of life in chil-
dren of age 3 years and more. Robertson, peterson and
Lamb (1963) (cited in Genber 1974), havae found reflexesin
only 3 of the 10 subjects tested at the age of 12months.

They obtained same mean reflex threshold values
for all the age groups selected for the study, that is 2 mths,
13,24,& 36 mths, but thegreatestvariability wasseenin children
age ringing from 24 to 36 mths.. The thresholds when com-.
pared with to that of norma hearing adults, the mean
thresholds was lower for the adults with each group of
children having higher thresholds, progressing from the
36 moth old to the 13 month old group. In the 12 month

group, very few yielded reflexes which were available for
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comparison. Magolis ad Popleka (1971) found the reflex
thresholds to fall within a range of 70 to 90 dB HL In
Infants of 25 to 50 hrs. This poninted to the agreement
between the reflex activity In normda infants and adults.
Brooks (1971) also has reported a reflex threshold of around
95 dB HIL or less only In % of the children, aged 4 to

11 Yrs.

T™wo reasons for the absence of reflex has already
been explained, "Some other reasons given for explaining
the poor results in infants are; the developmental ad
evaluational factors associated vith reflex may influence
the responsiveness in some children, The other possibility
iIs the presence of slight conductive component resulting

in an absence of Loss, even when the loss is very mild.

The Maturational process in the mechanica ad
neural pathways of the reflex will not be complete in the
neonates. Thus this incomplete development interferes with
the acoustic reflex threshold measurement, Keister and Beaxh
(1977) have also stated that " the decassating tracks in the

auditory nervous systkem at the brain stem might not be
fully developed in the neonates.”. This statement wes
mece on the observations of Wolf and Goldstein (1977),
The latter had observed an absence of contralateral reflex
and a presence of the ipsilateral reflex in neonates.
Thus they concluded that the maturational process of the
reflex pathways vill not be complete in neonates ad



2.12

will go on untill 3 month of life. This delay in matura-
tion was adopted to explain the differences between the

reflex thresholds in adult and children.

Thus, the, maturation of the reflex nathvay, the
reflex threshold axd presence of entitles, reflex are
interevaluated. Sme of the other factors that have an
influence on the acoudstic reflex are the type of the stimuli,

frequency of the stimuli, and the move ment antifacts.

Robertson et al ( ) have reported of the differe-
nces in the threshold as a function of stimulus frequency,
They observed a 10 dB difference between adult thresholds
and infants, of 13 mths, at 500 Hz, 6 dB at 2KHz.

Jerger et al (1974)studied the reflex activity in
children younger than 10 years of age by presenting tones
of 500 Hz, 1IKHz, ZKHs add 4 KHz = The exoerimental group
compressed of childrenwith both normal hearingand hearingl oss,
which was less than 70 dB, He observed reflexes in only
4% of his population.. The children wio failed on reflexo-
metry had abnorma tympanogram and had loss greater than
70 dB.

alerd (1974) has reported the preval ance of
reflex in neonates of 25 to 50 hrs, at different frequencies.
The prevalance of reflex found in his study weas 33%,
20% and 15% at 500 Hz 2 KHz and 4 KHz respectively.
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Gae ad Gerber observed a reduction in the frequency of
occurance of reflex, thresholds as the frequency of sti-

mulus increased. The mean reflex threshold also decreased
with advancing age Threshold was 106 dB SPL in youngest age
goup) ( O - 3monthsold); 97 dB SPL in the middle group

(5-3 months) ad 98 dB in the oldest group ( 10 - 13 months),

The difference was not significant between the two older

age group groups.

The prevalence of reflex was found to vary with
the type of stimulus. The reflex vas more often present for
noise stimuli compared to pure tones. The difference bet-
ween the reflex threshold for the pure tones ad wide bad
noise was mae in infants compaed to neonates. The diff-
erence weas found to be 23 dB in infants, whereas it was 9 dB
in neonates. The reduction in the difference between the
two stinuli, limilted the application of Nieymax and Sister-
hants (1974) axd Jerger et al (1974) formula in neonates.

Clinical applciation of impedance audiometry in childern:

All the three test procedures of the Imedance
test battery, Tympanometry, static compliance and acoustic
reflex threshold, measurement provide information of
potential value for diagnosis axd differential diagnosis,
but the clinical significance of the impedance audiometry
increases when the results of all the three procedures
are considered in combination. impedance audiometry (Jerger,
1970) provides information regarding the threshold of
sensitivity, the type of loss axd the type of pathology,



2.14

ad the site of lesion.

Tympanometry has been found useful in the identi-
fying middle ear pathology, in following UP the entire

progression and resolution of serous Otitis media in
*

children and in monitoring the recovery of the middle

ear following surgical intervention, (Northern and Dawons
1974). Thus tympanometry is -manlv useful in differentiating
middle ear pathologies but is of little use in differentia-
ting 3N Pathologies. The value of tympanometry in the
identification of middle ears fusions in children, especially
the younger ones has been demonstrated by many investigators
(Bengali, Liden, Jungest and Nilson (1973), Brooks (1975),
Liden and Rennall (1977), Bluestone, Berry, Paradise (1973)).
The commonet paanae of tympanometry Whdh is employed
for identification of middle ear effucion is the 'Pressure’
peak, as the prerequisite condition for middle ear effu-
sion is 'negative pressure ' in the middle ear. Though this
has been found to be of significant value in adult popula
tion, the same cannot be claimed in the younger population.
This is because the pressure variations in children are

large axd also the cut off point for nornal versus abnorma
pressure has not been agreed unon. But still some kind of

a diagnosis can be nmete by adopting - 150 mm water as the cut
off point. (Brooks (1975), Liden and Rennal (1977) ). Ary
subject wlho manifests a pressure beyond - 150 am, are grouped
under the abnorma category axd as requiring theranuetic

intervention. If middle ear pressures isit them - 150 mm
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HO then, a regular follows will aid in ensuing normal,

middle ear function.

The progression ad resolution of middle ear
effusion can be monitered by noting the changes in the
types of thetympanogramas the disease progresses or
regresses. The first sign of the disease is negative
pressure peak,, ( ¢ type). Then is the disease progresses
the type 'c ' changes to type 'B’,

As the disease regresses type 'B' gets changed into
type 'C and when complete resolution occurs then type "C'
changes into type 'A’', indicating norma middle ear function.
The resolution of the disease after Regiona intervention
can also be monitored-in a similar way, some classify the
type 'C ' tympanogram into C,;, C, ad C; on the basis of
the amount of negative pressure.. C; refers to a negative
pressure,peak ranging from -100 to 150 mm , C2 refers to
the negative peak ranging frou -151 to -200 mm H;0 and C3
refers to negative peak ocurring at a pressure greater than
-200 mm H,O.(Orchik, Maoff and Dan 1978). A C, type
tympanogramis claimed to a better predictor of middle ear
effusion than C; type of tympanogram (Orehik, Moff and Dunn,
1973) But Flellan & Nlkolalseen & Loues (1979) have re-
ported of a very poor correlation between C type tympanogram
and middle ear effusion irrespective of the extent of the
negative pressure. They observed a good test retest reliabi-
lity in cases showing B type tympanograms. Thus according
to this, B type tympanograms are better indices of middle ear

effusion than the C type tympanograms. Paradise et al (1976)
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have also reported that norma tympanogram can result
from highly compliant external auditory canal even
when fluid is present in the middle ear of a neonate.

Lindholdt et al (1930) have computed a for-
mula for the identification of middle ear effusion in
children, as they felt that 'pressure peak’ was not a
valid pressure. The formula given by them is as follows:

TPXTN/FPxXEN = relative
reliability of children with disease to sow a positive
indication of disease compared with the tendency of
children free of disese to sow positive indications of
disease.

TP = True Positive disease present

TN = True negative

FP

FN

False positive

False negative

The higher the value obtained,the more reliable
is the response (Abrahamson, 1974). Thus the formula
was claimed to have a high predictive value.

According to Lindholdt et al, the cut off point
should be taken as 160 mmpressure but even then some
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amount of overlap does occur, which is shown in flg(

5 Pewlive b

A

O\ie.'ﬁ'fcu,"—" .

Thus, they advocate the use of the formula to check the
reliability of date obtained.

Therefore aore research with good planning and
validity to check the importance of negative pressure
or the pressure pesk for the differential diagnosis of
conduct ive loss is imperative

The other parameter of tympanomery which is
used for differential diagnosis of conductive patho-
logies is the amplitude or the slope of the curve.
Stiffness pathologies have been observed to result in
a reduced amplitude, whereas the Mass problems have been
observed to result in increased amplitude due to an
increase in the compliance of the middle ear system
(paradise and Smith} e Actually paradise and

snmooth advocate the measure of gradient for differen-
tiating various middle ear pathologies.
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Thus, the data obtained from tympanometry gives
ome view regarding the hearing function of the child.

STATIC COMPLIANCE

The nature of static compliance either in diag-
nosis or differential diagnosis is very Halted, due to
the large variability in the values, especially in young
children. But Bluestone, Berry and Paradise (1973) have
differentiated between the middle ear effusion with
high viscosity and low viscosity using compliance and
Middle ear pressure status. They observed low com-
pliance and normal middle ear pressure in aiddle ear
effusions of low viscosity, on the other hand, in high
viscosity effusion, a low compliance with a high posi-
tive or negative pressure was observed. Ststic coa-
pliance values are found to overlap amang norma middle
ears, otosclerotics and ears with discontinuity (Alberti
and Kristensen, 1970; Jerger et al, 1970; cited in
Northern and Dowms (1974). Considerable overlap was seen
anong different pathologies, otosclerosis (9.35 cc)
otitis media (0.29 cc) Cholisteotoaa (0,16cc), thickened
tympanic membrane (0.37cc) and ossicular chain discon-
tinuity (193 cc). Thus they showed that the distribution
of each abnormal condition extended into the normal range
of compliance.
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Variations in static compliance with age and sex
add up to the already existing large variability. Jerger
(1946b) has found static compliance to be the least in-
formative test of impedance battery in children under
6 years of age. (cited in Northern and Downs 1974).

The static compliance values are found to vary
from 0,35 cc. to 2.29 cc. The compliance value is found
to change with age; youngest 6.77 cc - 5-8 months old.
0.35 cc and 0.39 cc oldest 5 days to 13 months (Gerber
and Cone 1975, cited in Gerber Cone and Gerber 1977).
Thus they observed a significant decrease in the median
and range of static compliances occurring between the
ages of 3 months and 5 months and not thereafter. Thus,
in general they found the new borns to have high static
compliance due to tympanic membrane hypermobility and/or
the relatively soft walls of the internal auditory meatus..
The other reason for high static compliances is the static
compliance measured in children are affected by a high
incidence of middle ear disease which occure is that age
group and decreases in compliance. It is of not mud
importance when taken alone, but with other impedance mea
surements can contribute significantly to the diagnosis
of variety of ear disorders in children.
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AQOUSTIC REH EXES

As reported earlier, the reflex findings has been
reported to similar to that of adults...... - - | though
asystematicincreasel nthefrequency occuranceof/r eflexesisseen
with increasing age. The acoustic r eflex measurements have
mainly two clinical application: (a) threshold determina-
tion and (2) Differential diagnosis.

Threshold deter mination:

For the adult population a numbe of formulae for

the computation of threshold are available. But whether they can be

appliedtochildrenalsowasstudied. | nvestigator sfound the app-
lication ofthere in neonates was not possible. This is because
in the reflex threshold to tone stimuli is still higher
In neonates than in infants There
fore as the threshold for both tones and wide band noise
IS mare in children, the difference between the two is
very much reduced and equals to 9 dB as compared to - 23 dB
in infants. Thus the methods described by Nieymer and
Sesterhan(1974), Jerger et al (1974) are inadequate for
determiningthreshold laneonates, asfor thecomputation of threshold
aminimum of 15-25 dB is necessary.

Margoils and Popelka (1975) (cited in Himdfarb
et al 78 ) advocated a bivariate plot mehod for deter-
mining the threshold. In this method, the average of
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3 tone stimuli (500 Hz, 1000Hz and 2000Hz) is first
plotted as a function of the ratio between reflex
threshold for noise (ART WBN) and the average reflex
threshold for tones (ART tones), the two thresholds
were plotted using regression equations which defines
the normal region. Scores falling to the right of
the line predicts hearing impairment. A vertical line

implies that in noraal hearing subjects, the ratio:

ARTWBN Might Increase upto a certain value, but
ART TONES

since the threshold for tones is constant, normal
hearing is independent of reflex threshold for tones
upto a certain point. The other line has a slope of

-1 because in profound hearing loss the ratio.
ARTWBN-—might decrease.
ART tones

To evaluate the blvariate method as an index
of hearing threshold in neonates, the ARTWBN x100
ART tones
was plotted on the graph. Out of 27 plotted, only
6 fell in the noraal region. Therefore to quantify
reflex thresholds, more research is needed. 22% of
normal neonates fell in the normal category as with
respect to adult criterion lines. Therefore this
method'major applicability in assessment of hearing
sensitivity of children (Y oung/neonates).
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Reflex measurements also aid on the differential
diagnosis as it is a mediated by loudness, it is con-
sidered a sensitive Index of cochlear pathology. The
acoustic reflex threshold has been reported to occur
at intensities less than 60 dB SL. This was seen in
children younger than 6 years as well (cited in Nor-
thernand Downs 1974). Theacousticr efl ex meausr ear e good
indications of the conductive hearing loss. Klcockhoff stated that-
(D61) a recordable reflex confirms presence of condu-
ctive loss. Anderson and Barr (1961) obtained distinct
acoustic reflex responses in 18/19 children after sur-
gical intervention. Mog often in unilateral conductive
loss, reflex would be absent on both sides. Jerger( 1974b)
has shown that the amount of A-B gap necessary to abolish
the stapedial reflex was approximately 25 dB with the
earphone on better ear and approximately 5 dB with probe
tip in the poorer ear. The above phenomenon can be used
to differentiate bet we en conductive and SN |oss.

Thus, each entity on its om has a lot to offer
to the diagnosis as well as differential diagnosis. But
with acombination of tympanometry, staticcomplianceand
reflexometry  the  usefulness of impedance audiometry,
gets enhanced.
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The limitations of impedance audiometry in the
testing of young children:

The test cannot be conducted while the child is
vocalising, crying, Vyelling etc.
This is because the reflex arc prior to each vocaliza-
tion causes the stapedlus muscle, to contract sponta-
neously and thereby altering the compliance of the tym-
panic membrane at random and makes impedance measurement
impossible.

If in order to wuietan the child, heisallowed to suck, then
alsothemiddlemuscleear will beactivated.Thereforeeachcli -
nician should device his owmn techniques to counteract
these problems, like - respiratory distortion (Northern
and Downs 1974) Larmp and Norris (1969), cited in
Northern and Downs 1974), child should co-operate for

testing, that Is allow probe to be put in each
order. Theserestrictstheused of impedanceaudiometryin
difficult to test population. But nevertheless, its
value in the testing of normal childern is in no way
reduced.



CHAPTERII VI
ELECTRO COCHL EOGRPHY

In children mgority of the bearing losses are due
to perphera imparment. Therefore a knowledge of the
function of the periphesal sysem is necessary for
diagnosis as well as for therecommendation of hearing
aid. Bven in rear cases where the lose is due to
retrocochlear or central imparment, information regarding
the peripheral function is necessary for differential
diagnosis and for selection of an apropriate remedia
avenue(Aran 1978) Thus the dayad for information
regarding the functioning of the peripheral system led
to The devdopment of 'Electrocochleography’ (ECoG).
E3G ia a test vhich notes, records and measures the

averaged electrical signals, which are set up between

the bonypromontary of the cochlea axd the lobe of the

ear in response to very short acoustic stimuli of
alternating phase (lortmanad Aran 1971) In more

general terms, ECoG can be defined as the recordin of

the electrical activit y of the peripheral auditory system
with electrodes- placed near the cochlee(Mendd 1977).

The potentials generated at the level of cochled ca n

be classfied as cochlear potentials, summating potentials.

and action Potentials.

The cochlear potential s/cochlear microphomics (CM)
are the ones which are evoked, immediately after stimulus

presentaion. There are linearly related to
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the amplitude of displarement of the cochlear partition.
Ove a considerable frequency axd intensity range, the
wavefom of BE3G reflects the wavdfom of the aconstic
stimulus being in phase with the amplitude of the movamat

of the cochlear partition.

The summaing potential is a direct current shift
that continuous throughout the presentation of the stimulus.
The magnitude and polarity of this potential is dependent on

the recording site, frequency and intensity of stimulus.

The action potential occurs within 3 M.Seconds of stimulus
onset, due to simultaneous discharge of mawy individual nerve
fibers in an all or none fashion, in the production of neural

spike in the auditory branch of eighth nerve.

Amayg the thtee potentials GV, SP & AP, the AP s
mod often employed as the index of hearing. Sare importance

is given to CM also but SP is not usually used as a measure of

hearing sensitivi y. The action potentials are used to
compute thresholds, ard a combination of CM & AP,are usd

for differential diagnosis. Thus E33G has its application
both in the messuremet of threshold as well in differential

diagnosis.
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Historical aspects:

Though the technique of electrocochleography as
is presently understood can be traced back to (1971),
the electrocochleographic evoked potentials were knoawn
way back in 1931, 1931. Anayg the potentials, the CM
and AP were the ones to be discovered first. Wever ad
Bray (1930) were the first to oberve CM but they mistook
this to be AP (cited in mendd 1977). It was Adrian 1931
wo identified the CM and mnared it as cochlear'micro-
phonics '(cited in Mendd 1977). He obsarved the electrical
changes that were generated in the cochlea which were
passively conducted by the nerveto the recording site,
and attributed them to some kind of microphonic action
and hence the rame cochlea microphonic. It was felt

that Wever and Bray's observation of electrical changes

were a a misture of CM and Al. Therefore many studies
were conducted to separate AP abd CM (Davis etal 1949,

Ruben et.al 1961, 1962,1963 and Othews).

The isolation of the two potentials became successful
with the devdopment of differential electrode placement
as a result of a series of research studies (Saul ad
Davis 1932, Davis et.al 1934, Hallpike Smith 1934, Davis
et.al 1949). Thus this was a mgor breakthrough which
led to the devdopment of tht modern electrocochleography.
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This rav devdopment led to more and more researches
which as a result led to the discovery of summating
potential (SP) (Davis et.al 1950). Thus the recording
of three potentials was achieved. But mog of these
studies were conducted in animals and therefore it

could not be ap lied directly to humans beings.

Fromm - Nylea and Zotterman(1935 ) extended the

recording techniques to humen subjects axd were the first

to record electrocochleographic potentials in humans.
But the recordings wee very small and not so clear.
Andreer, Argoona ad Gersuin (1933) also found a similar
problem when they recorded thene potentials from the
vicinity of the round window in cases .with tympanic
memborane perfection. Therefore until the ear 1940-S
there was not much progress in this field. Lampet et.al
(1947, 1950) carme up with the suggestion of the placement
of electrodes through an intact tympanic membrane onto
the promontary at the time of surgery. They also assigned
the term electrocochleogram. to the graph obtained with

the above,recording technique. But the recording technique
of Lampeat et.al 1947 ad 1950 did not elicit clear distingui-
shable response. Therefore until late 1960"s not mudh

research was done in this area. The second mgor

breakthrough occured with the employmett of computer



6.5

averaging techniques by Ronis (1966). This actually

served as basement for the rapid development of electro-
cochleography-as the modern era of E2G

began shortly after this, with the publications of
3 groups of investigators, (Yoshie et.al 1967) Portaram

et.al(1967) and Soyma and Fairmesser 1967).

The application of ECoJ to children was primarily
reported by investigators in three laboratories, that
of Portman atd Aran (1971) in Bordeaux, Berlin ad
Callen (1376) inNew Orhans and Sohmea and Feinmesser
(1972) in Jerusalem. These three groups have advocated
different recording sites. lortraan ard Aran(1971)
recorded E3G from the promontary. Berlin and Cullen (1976)
recorded from external auditory miatus near the tympanic
mambrane where as Sohmer and Feinmesser recorded from
earlobe ad Scalp (1972) using surface electrodes,
irrespective of the site of recording all three groups

have concluded that reliable potentials. can be evoked in
most new bones and infants. Though a numbear of studies
have been conducted investigating the aplicability of ECoG
in children, not much, normative data is available,

mainly because of the need to administer General anesthesia
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to children in order to obtain an electrocochleogram

ic ted in Geber and Mencher 1978).

In clinical elect rocochlography the interest in
mainly focused on AP but of late, even CNis being
given some importance thereforein this chapter, first
a discussion about the recording and application of P
will be taken up.

The action potential is the electrical potentials
from the auditory nerve noted initially by Derbyshire
and Davis (1935) (cited in Northern and Downs 1974).
This potential consists of netne impulses in the eighth
nerve which ars trigered by the cochlear microphomics.
A recording of the action potential exhibits a waveform

with thrre negative peaks N; a well synchronized volley

of impulses followed by smaller waves knomn as N, ad N3

The principd characterisics of AP wavdom are
latency, amplitude and share, The latency of the AP

wavefom is considered to be a clue to the frequency

region of the cochles contribution to the response.

The amplitude of AP ic considered as a reflection of the
nurber of active éements contributing to it and the
synchroney of their discharge. The shape of the waveform

iIs considered to be the result of a corgoromise between

the electrical field of neuron 3 which have discharged
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and newrons which are discharging at the given moment.
the latency and amplitude and shape of the N, is
considered mainly in the development of cochleogram.

But for the description N, N, and N, are considered,

Procedure:

"The most, important feature of the procedure which

has direct bearing on the responses recorded, is the

recording site. The three most commonly used sites are:-

Portnontary (Portman, Lebert and Aran 1967, Aran and

Lebert 1967, Aran et.al 1969, 1971, 1972 and others.)

External auditory meatus towards the tympanic membrance

( Coats and Dickey 1370, 1372, Coats 1974, cullen et.al
1972} and earlobe, Sohmer and Peinaesser 1967, 1970
Dood 1970, Moore 1971 and others.) Of these three
sites, the best and clear response is shown to be
elicited from promontary recordings (Portmar, Lebert

and Aran 1967). The responses magnitude of the different
sites were ccmpared at constant intensity level of

90 dBSL. It was 10uv on promontary recordings,uv

ear canal recording and 0.3uV when recorded from the
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the earlobe. The above study reveals clearly that
to obtain a good distinguishable response, the site
of recording. should be nearer to the source of these

potentials, that is the cochlea. Therefore, the
promontory recording technique appears to the optimal
approach for Ecoe (cited in Gerber 197 7}. promontory
recordings involves a transtyampenic reach. This
recording should be dune under general auestnesia(G.-,)

The procedure is as follows:-

The infant is placed in the crib and GA is given
Once the child is auestistised, a sueal gauze needle
ispassedthree)thetympenicmembraneuntillitcomes
to rest against the promontory. The otuer end of the
electrode can be either fixed or freely flested. The
latter is preferred if one wished to use earphones (Y anz
1976), cited in Gerber 1977). This recording techniques;
has been found tu yield reliable responses even in
neonatce of 1 day to adults up to the age of 79 years.

But in some cases, the permission may not be granted

toput the child under CA. In such cases the recording.
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can be obtained by placing the silver chloride

electrodes wrgoped in saline impregnated cotton (Cullen
ct.al 197?) or expandable clips (Coas ad Dickey 1970)

(citedin Gaba 1977). Reference El ectrodes can be placed on
forehead axd mastoid respectively. The other alternative
recording site in saudh cases is the earlobe. BEven this

site has been d1oon to give discernible responses
(Mooe 1976).

Thus the AP can be recorded from either promontory
external auditory med-tus or from earlobe. All three
sites have be n fhomn to give quite diatinguishable
responses, even through the recording fron the promontary
are the best. The mgor principle of recording of discernable
cr clear reponses is to separate the electrcoes sufficiently)
that is differential electrode placement is the key for
obtaining clear responses, irrespective of the site of
recordin. . Martin (1973) has opined that the selection
of recording site as dependent upon the biases,professional
training and expertise of the tester as well as the

subvert's permission.
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Once the electrodes are fixed in place, the
ear is stimulated with short tone bursts of alternate

polarity or elicks. This stimulation evoken CM and

Ap which are picked up/the electrodes and are sent

to an averaging computer. The job of the computer

is to cancel the CM and sim up the AP responses. Thus
a record of the AP waveform is obtained. This is
subjected to analysts in terras of its amplitude™

latercy and shape.

Analysis  of response:

The Diagnosis is based on the tried characterstics

of the AP waveform. .........

1. The amplitude and latency of the response to

click at each intensity level and the input -
output functions.

2. The absolute amplitude of the maximum response
in wv. This gives the degree of cofidence
in the accuracy or thresnold determination and

the significance of the pattern of response.
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3. The latency of response near threshold.
Thus by a simultaneous and aoape rative
analysis of the three man characterstics
of the AP waveform, the response can be
classified into five categories, that is,

normal, conductive loss, SN |loss of cochlear

origin with recruitment and retrotrocochlear.

Aoy the three measures, the latency of the
wavefom is considered to be the mog stable ad
reliable measure. This is because, the amplitude and
shape of the wavdom is found to be influenced by
auditory anrd nonauditory constraints such as, tissue
and electrode impedance, current paths etc., but the

latency remains unafected by all these factors (Berlin 1978).

Therefore by analysing the AP wavefom with respect
to its 3 parameters and with special emphass on the
latency, one can meke a diagnosis with a fair accuracy,
The abnorma wavdfom can be identified only with
reference to a normd response. The normda response in

neonates and infants is judged on the basis of its

similarity to the adult's normad response. The normd
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response in adults is found to be as follows:

i

V

f

Nl
In Infants of less than/normal response itself

is found to have a prolonged latency, diminished
amplitude and elevated threshold as compaed to
adults. By the age of 1 year the infants response
is found to closely approximate the adult
response. The normd threshold in infants and
neonates is found to be 35 ud 45 dBHL as compaed
to 28 dBHL in norma hearing adults. In figure-

is depicted, a normd AP waveformiin children.

N,
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The AP wavegfom varies as a function of .typ e of
stimulus, intensity, intenstimulus inteival,
recording site, and type of anesthetic agent
administered. The influence of each factor on
the response will be discussed beforestating the
optimal conditions for the elicitation of a clear

and marked response.

Type of stimulus:

The frequency ad the temporal parameters
of the stimuli is found to influence the AP
waveform.  High frequency stimuli, ia that is
2KHz—1KHzand 8K Hz areconsideredto el ecit cl ear
specific response. The low frequency stimule are
said to be ineffective (Davis 1976). According to
Davis (1976b), the AP response following the
stimulation of a low frequency stimule, like 500Hz

Is initiated at the basal turn of
the cochelea by the lonv frequency transient.
Therefore this response is cosidered to be of

limited use for audiometric testing(Mendal 1977).
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The traveling wave of Bekesy has been observed

to take 3 M.Seconds to 7 M.Seconds to nove from
base to gpex. The velocity of the wave is uneven.

Its rate is faster at the base compared to apex,
and thereby discharges more hair cells and nerve

fibers synchrononsly at the basal turns. In BE3G
the AP response latency is about 1.5 to 3 M.Seconds.
Therefore by combining the above two points, one

can clearly make out that AP response seen on
stimulation is only the response of the basal turn
of the cochlea. As it is the high frequencies
which are represented at the basal turn, high
frequency stimuli arefound to be conducive to elicit
clear Al response. Therefore E3dG can be clamed
to be mainly a high frequency measure that is

frequencies above 1 KHz. This being the case, a

person with norma basal turn, that is with normd

high frequency response but with low frequency |oss
will give a norma response on ECoG. Thus one

should bear this in mind while interpreting the

EIG response.
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Intensity effects;

The general observation has been that, us the
intensity of the stimulus is in reased, the latency
of the response is found to decrease upto a certain
point ard maintain a plateau beyond the critical
point. Zerlin - Naunton (1965 1953) observed a

latency shift of 1M .Second ever a wide range of
intensity. These changes in latency were attributed
to the changes in the latency of the high frequency
units which - had been activated at lower intensies
and not to the acfition of neural elements. Berlin

1978) has reported of a shift in the latency from
dmssconds at 20 dBHL to 1.2 m.seconds a 35 dBHL.

The amplitude of response has also been found
to increase gradually at lower intensities, up to
about 50 to 60 dBHL. Alt higher incensities the
amplitude incease much more rapidly upto about

50dBHL and atthislevel it forms a plateau. Yaodime
(363 has termed the low in enaity range as |-curve
and high intensity range as the M-Curve. The
explanation offered for such a behaviour was that,

there axe two populations of the auditory units,
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the outer and the inner hair cello which gives
rise to the two curves respectively. Elberling
(1974) and Eggermont et.al (1974) have given

another explanation. According to them the two

populations are hair cells located in the middle

turn and the basal turn of the cochlea(cited
Gerber 1977).

Thus from the above reports one can conclude

that high frequency stiumuli is optimal for the
elecitation of clear AP responses. The intensity
of the stimulus has an effect on the latency ad
amplitude of the response wavefore.  Therefore
while juding the response.”, are .should account

for all these factors.

Anesthesia:;

for testing children usingeCoG, the children
must be given general anesthesia. The anesthetic
agent given has bee n shown to h ve some effect on
the response (Zvonar, 2yonar, Kuhndle odenthal 1974),
Crowley, Davis and Beagley 1273). The most commonly
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used anesthetic agent is Ketantine HCL. This
is found tc reault in excenive swallowing action

and Minor movemets in the jutient, which in turn
produces electrical and mechanical artifacts in

the recording « Therefore tc eliminate the inter-
ference of these, inhalation anesthesia has been

advocated (Zvonar et.al 1974)» Inmitzer and

Schnud(1973) have advocated an injection of droper-
idcle and feutanyl prior to the administration of
ketmnine(cited in Gerber 1977). Thus while admi-
nistering anesthesia tc the child, one ;u>Jdd t->Ve
precaution, to minimise the effect of anesthesia on

the response.

Electrode placemen:

As has already been informed, the AP response
varies with the placement of electrodes. Eggermont
and Odenthal (1974c) have given the threshould obtained

at different recording site.
Hound window 0 aBHL
Proon ory 5 dBH L
Anaulus typaranicus 10 dBHL

External ear 30dBHL (Citedin
Gerber 1977)
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The above table shows the variations in thresholds

that occurs with different recording sites. The
external recording $ons the poorest response. Even

Davis(1954) has advised against, the use of external
car recording. But Somarer(1972) advised to
useexternal ear tobeelectroderecordin. asitisa
nontramatic technique. He obsarved clear ad
reliable AP responses from the earlobe electrode

recording in infants of 4-31 months of age.

Thus from these reports, one can make out that

the site cf recording has a significant influence
on the AP response. It is better to do promontory
recording but if this is not posible then an earlobe
recording can be opted for, but taking precaution
to account for the difference in threshold, while

judging the responses.

After having reviewed the variations in response
wavefom due to the influence of a numba of

variables, one can tentitively suggest the
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the conditions that are optimal with respect to

response accracy. These conditions are as follows:-

Site Promonmony
Stimule Broad band Signals with a
band with of 100 - 4000Hz

or a center frequency of
4000 or 3000 Hz

No.of stimulus
presentation 64 to 100

Inter stimulus
interwal 100m.seconds(Eggermont
Oderithd 1974)

Duration of. tone

Bursts 4 to 6 m.seconds
Age more than one year
(Aran 1978)

Thus as far as possible one shouldi try to

maintain optimal conditon's while adminstering ECoG

isthe clincal set up.

The electrocochlsography has both advantages ad
limitations in Its application in testing the peripheral
function of children. By reviewing both one can judge
its relative valve as a clinical tool in the audiological

evaluation of rearing sensitivity in children.
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Advantages:

EQG has been clamed to be a very reliable
test in the determination of threshcldsas

as well as for differential diagnosis between sensory
and newral disorders( Aran et.al 1969, Aran 1973,
Yoshie and Osthasic 1969, Odenthal ard Eggermont 1976).

Threhold determination:

For determining the threshold only the AP

waveform'sis taken into consideration,, the CM being

in no way related to threshold identification.

A good co-relation between ECoGthresholds axd
behavioural thresholds in children also, have been
reported by a number of investigators Somarer et.al

1972), Cullen and Berlin 1976), Spoor-Eggermont et. al
1993).

The difference between E3G threshold and voluntary
threshold had been reported to be 10 dB or so in
older children, and less then 20 dB in younger

children(Spoor-Eggermont 1958).
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But the K3 threshold was found to vary with
frequency. At higher frequencies except at 8KH, the
differnece lies within 6 dB whee as a 3tz and 500Hz

it is found to be 10dB. Thus totaly the difference
between the two is found to range from 6 to 11 dB
(S0 r - Eggermont 1958).

A variation in the relation between the two
threshold is observed as a function of degree of lose

ad tjpe of loss as well. At lowv frequencies (500 IK)
the K3 threshold are 10dB higher compared to behavioural
thresholds in cases with mild hearing loss, but the

difference is seen to decrease with an increase in the
degree of loss. Especially at 500Hz, if the loss is
severe a reversal of the above migt be observed, that
is the ECoG nmey be better than the subjective thresholds.
The relation bet.een the voluntary thresholds and E3G
thresholds varing with the type of loss. on an sloping
type of loss, the ECoG thresholds are elevated compared
to behavioural thresholds, but in flat or rising type
of looses. the voluntary thresholds are greater than
EGG thresholds. This is especialy the case, for test
frequency 500Hz. The reason given is that, probably
the high frequency elements which are located in the
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basal turn of the cochlea contribute mog to the AP
response and thereby resulting In poorer thresholds
in the presence of a high frequency loss (Spoor-Eggermont

1958).

For the IKHz teat frequency, the condition is the
reversal of that of 500Hz, that is, in slopin, audiograms,
the E3G thresholds are better compaed to the voluntary
thresholds. This is explained on the basic of the 8KHz
tone burst spectrum. In IKHz tone burst spectrum, the
2 KHz component is seen to be 40dB bdow compared to
&KHz which is the man component, Therefore in steeply
sloping audiograms, it is possible that the response
bein, measured is from the ZKHz region rather than at
&Hz region. This hypothesis was confirmed by the
observation of longer latencies, which corresponded
with that of a ZKHz response. Thus while making threshold
measurement, one should meke sure that the latency of
response at threshold is in the region that is normd

for that frequency in norma hearing subjects.

In the youn er children that Is 5 years also the
difference between the behavioural and ECoG thresholds
is found to be less than 20 dB. If the differences are
larger, then the implication is that these children
have sorme other disturbing factor influencing the per-

formance. This is mos often the reflection of the
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ability of the child to respond voluntarily to stimuli.

These children were categorised Into 3 groups on
the basis of their hearings loos, that is, 20-60dB,
60-90 dB and greater than 95 dB. The co-relation between
EGG thresholds and voluntary thresholds were evaluated
in eech of these groups. In the group with greater than
95 dB loss, no AP responses were obtained indicting a
severe peripheral hearing loss. In the group with 60-90
dB loss, the AP responses conformed with voluntary thresholds
only in50% of the cases. In the group with 20-60 dB
loss, the ECoG measurement did not confirm the above resultsh
in all. Thus these results imply, that whenever a subject
ranifeste some degree of loss, then one should do EQG
to obtain a reliable and valid data regarding the peripheral

hearing of the subject.

Thus Spoor-Eggdamont (1953) concluded that the accuracy
of threshold determination by E33G wee comparable to conven-
tionalaudiotnetric procedures and also that EQXG provides

reliable data when conventional techiques are a failure.

Aran (1973) has also mede a statement lik €higher the
E3G thresholds, better the agreement between behavioural
threshold andECoGor, the better the peripheral function
the less accurate is the BOA' (Aran cited in Gerber and
Menche 1973, P-2 4). The meaning of this sentence is that
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severe the loas, better is the u™r cnent between the two,
As,if there io no loes or if it in very mild, then it is
dii'i. cult to elicit response from the subject at lower
inten3itivea by the comieMvtiond method. Therefore this
results in a large discrepancy between the EGou threshold
ad subjective threshold. This finding oi aran (1973)
agrees with those reported by Spocr-iLbermont (195 3)e

Aran (1978) observed some discrepancy between the
early E33G ad later behavioural iseaaures™n his follow
up study the discrepancy weas in "bath directiona, that
is in some, the K3 thresholds were better tnan beha-
vioural where as in some others it was reverse. He
explained these discrepancies on the basic a" patho-
physiolo”Niccl differences, exiotin.,; at different timeK

of tectin”.

In some cases W&"&e BQG thresholds wcit better
than voluntary thresholds, was explained as . ue to either
a SUT;airopoEed concttctiWwe 1o; a at the time of behavioural
tenting or us due to the presence of a progre Give lors

of central MeoaX e

The caseG v,here the IGO0 thresholds were pcorer

than behavioural threfiholca, it wes explain ed as due

v

due to preseme of a contiuctpWe I0Fs eledn.” i333J

testing.
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Thus according to Aran(1973) the co-relation
between the two was very good, once the discrepancies
had been accounted, all the studies for reviewed report
of a good co-relation between E3G throrholde and beha
vioural thresholdse This implies, that E2G is a vreliable
method for threshold determination and therefore can
be adopted for daily rountine in the testing of young

children.

An important aspect of threshold determination by
ECoG is that, the threshold of each ear can be obtained
separately wi thout any masking. This property of ECoG
is very valuable especialy for children, where it is
very difficult to obtain the thresholds of the wmwo ears
accurately as roost often masking canr.ot be employede
This infomation is valuable in the selection of hearing
aid and in meking proper referals. With this technique

unilateral loss cases can be traced Aran 1975)

(Thus the potential value of ECOG in the determination
of threshold is good. t"I'herefore one can adopt this
technique as a daily routine for the evaluation of
children)

The value of ECoG in the determination of threshold
is high, especially in case of young children wo fail to
give reliable responses to other audiometric measures like

puretones.speechetc.
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Differential diagnosis:

The two potentials which have made differential dia-
gnosis possible by electrocochleagraph are, the aution
potentials and the oochlear microphones. Of the two, the
potential value of the forms is greater than the CM aS the
APS are highly sensitive to the status of the peripheral
auditory system. In contrast to AP, the CM derives its
significance for differential diagnosis only in combina
tion nith AP measures. Therefore in the discussion of
differtnial diagnosis by ECoG, prime importance will be

given to the measures of action potentials.

As has already been mentioned, the configuration of
the AP waveform is very sensitive to the condition of the
peMpheral auditory system. Therefore any significant al-
teration in the pecipheral system will alter the normal con-
figuration of the AP waveform. These alternation is the
configurmation pre reflected PS changes in the latency,
amplitude and pattern, of the waveform. These changes are
found to be specific to the type and extent of the pathology
in the auditory system. Therefore an analysis of the AP
wave form to stimulation in terms of the following para-
meters will aidl in differential diagnosis. These parameters
are: 1. Threshold of AP 2. Input-output function of the Nj.
peak. of AP response, thpt is the amplitude variations of N;
aS A function of stimules intensity. 3. the intensity-

Iptency functions of N;.wave and 4. the waveforms of AP
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AP as a whole.

Each pathological condition manifests specific changes
In these measurers, andtherefore the characteristic types of
response one obtains in various pathological condition will

be discussed here.

Conductors loss: in this condition, the threshold of AP

will be shifted by an amount equal to the degree of loss, the
amplitude of the N; peak will be reduced and the latency of

N, will also show ashift (Yoshic, Ohastu 1969, Berlin and

Gonad 1976), But the shape of the waveform-remains the sam

ASis seen in normals.

SN Loss:. The SN Loss has aso been decribed as "subteontnce
loss:" by Davis 1962. He has defined subticulims loss as the

loss of sensory units in a quantal fashion. He has further
described 4 types of subtianture loss on the basis of ana-

tomical distribution of lesion, asfollows:-

1. A total subtrative loss in the basal
turn of the cochlea, usually associated
with an abrupt high frequency |oss.

2. A graded subliacture loss most often
associated with agradual high frequen-
cy loss.

3. A random subtiacture loss, realted to
old age and aconstic tumors and

4. a selecture subtiacture loss, associated
with menisrele disease..
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But irrespective of the type of loss an elevation of AP
threshold is observed 1B SN loss cases. Tha variation among
the different pathologies ins reflected only in the pattern
of response. Each pathological condition will be taken up

individually and discussed.

Cochlear Loss:

In atypical cochlear loss case, the following types of
AP response is most often observed. These are 1, A SHort
latencyinterweal atthresholdof about2.mseconds2. A
disphasic pattern at all levels of the stimulus. 3. arapid
increase in the amplitude without reaching a pleateau with an
increase in intensity is observed. The increment in the an-
plitude is 10 times of that seen in normal for a similar in-
crease in intensity. Eg, In the ccchlear cases the incre-
ment seen for a 10dB increase in intensity is equivalent to
a 50dB increase in intensity in normals. (Portarman et al
1973 « cited in Northern and Downs (1974)

The response of AP to an increase in intensity has been
describedintermsof L andH waves
They haves also decribed some other types of AP

response seen in these cases as

1. the appearance of adouble peaked or disccociate

waveform.

2. an obsnce of L curave with norma vaues for H
curve and

3.anormal ormoderatelyelevatedAPthreshold

4. A short leatency of N; Peak



6.29
population and therefore the increments of N; was not very
marked. This also indicated that the lose in such cases was
not due to the involvement of the entixe length of the cochlea,
but more so in the high frequencies(Yoshie 1973). The in-
tensity - latency relation pnd the latency of Ni, was similar

to that of normals.

In the unilateral sudden hearing loss cpses, the wave
form of the AP in the two ear vary. In the normal ear the
AP occurs as a composite wpve of two peaks, N; and N, where
PS in the ppthological epr the input-output ourve of ft. is
similar to N, curve pattern, but the pattern of input-output
curve of N, remains identical to the H curve of normal ears.
Thus this kind of a differential pattern of N;-N, peaks aids

in the diagnosis of writ sudden hearing loss.

In meniere's disease the changes in the AP response depends
upon the severity of atttack. The more source it is, the greater

the distration of AP waveform. This distortion has been
attributed to the increased Endolymphatic pressure in such
cases- this kind of distortion results in in indistinction of
N; component which becomes prominent as the diseses pro-
gresses. Elivation of the AP thresholds pnd deformation of
the modal peak has aso been reportedYoshie (1973)
has reported of an expggerated difference in the AP response
to condensation and rarefraction clicks in these cases. The
latter findings has been explained in the following way; The
hyperexcitability of the nerve endings due to the sense organ

malfunction, may give rise to abnormal nerval activity. This
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abnormal activity was correlated to the rarefraction phase of
the movement of bsasilar memberne in the basal turn. Thisis
turn resulted in the differnece in repsonse between the conden-

sation and rarefrction clicks.

In retrocochlear loss the AP threshold was found tobe ele-
vated and pattern of response was also obnormal. The abnormality
was the prsnce of a sharp postive peak of very short latency
(<1 msec) followd by a slow negative wave . Thiskind of a
response was oberved in children as well asin adults with
retrocochler pathology. Aran (1971) had made similar observation
but had attributed this specific pattern of response to cochlear

disorder but later on he consisitenly observed the
abnormal response in retrocochlear loss cases, and considered

this type of abnormal response tobe chacracterstic of retro-
cochlear loss.

Gibson and Beaglay (1975) have reported the following type
of AP responses in acoudic neuroma

1.ThepresenceofadistortedAPwaveformwith
gross prolongatin of N; peak to form a shallow
trough extending fro about 5 m.seconds to
15m.seconds in duration.

2. A higher AP threshold compared to subjective

threshold

3. A higher AP threshold compared to the psendo
threshold of QM.
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Though al these variatons in AP response in rero-
cochlear cases, observed the most prominent response was a widening
of the N; peak. The better finding has been attributed to
the damange to the afferent waveform of the 8th nerve. This
damage hasin turn been related to the presence of tumour on
the nerve, She damage of the 8th nerve fibers effects the
conduction velocity along the afferent fibers(Gibson and Beagley
1975, Yoshie 1973) has reported yet another type of AP response
in retrocochlear cases the input output curvers for all the
frequencies were similat to H curve pattern, and the amplitude
of N; formed a plateau at the maximum value. The latter was
considered as evidence for a rapid saturation of afferent in-
formation carrying capacity of the cochlear nerve dueto alarge

newong loss but not neccuarity dueto hair cell loss,

The differential AP response specific to the pathology of
the auditory system aids in the differenial diagnosis among

various clinical conditions.

The AP response has been found to be useful in differenti-
ating the psychotic children from hearing inspired children. In
suspected case of phychosis, a normal AP waveform is expected, but
if it is a severe hearing impaired child than a total absence of
AP response is expected. Therefore by testing these children
using ECochg the required differentiation can be made. This kind
of dilimation is important as the two cases require different

kinds of treatment.
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Thus the AP responses of the ECochg seems to be a valuable
clinical tool in the determination of threshold aswell asin

the differenial diagnosis of the various clinical conditions.

The other potential of ECoG, that is the cochlear micro-
phones (CM) adds up to the battery of measures avaiable for
the differential diagnosis a mong the various pathological

conditions.

The CM measures was not given much importance until
the development of differential electrode recording technique
with the development of such a recording techniques, the
knowledge about the intra cochlear events increased pnd with

this, the clinical significance of CM also increased.

The method of recording of CM is similar to that of
AP. But here the AP responses are cancelled by inverting
the phase of the stimulus alternately and at the same time by
subsracing the input information instead of adding it up as
is done in the recording of AP. The latter process is

accomplished by an avaeraging computer.

The CM in combination with the AP aids in differsntial
dipgnosis, and by itself provides precise temperal modulation
of nerval activity. The modulation is achieved by the suppre-
ssion of the chemically mediated neural responses to acoustic

stimulation by the cochlear microphonics. Negative

Instead of peak posturepeakistakenasanindicationof theinitiation
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nerval activity. Thus CM markstheinitiation of AP and
maintainsthe temperal procison of the neural activity, but

isnot directly related to the generation of AP (Eldrgdge)

By comparing the CM and AP responses, a diffierentiations
between the sensory and nerve, disordrs can be made. The
presence of both AP and CM indicates normal hearing, the obsence of AP
presence of neural drys function with a normal fucnctioning
cochlea. The absence of the both CM and AP indicatesthe pre-
sence of senaorinesal loss. In some cases one observes the

presence of AP but an absence of OM. This kind of response

has been reported by Nianssal and Legovi(1967) in cases with
complete degener ation of the organ of corti in the basal turn.

but in human beings this kind of response has not been reported.
The occurence of such a response has been considered unlikely
asthebasal turn of the cochler ismuchmore wider compared

to the xodents. Therefore presence of AP, always indicate
atleast a partial functioning of the cochlea. Thusthe two

potentials, together provide significant information for

differential diagnosis.
The value of CM in the determination of threshold is not

much as CM lacks an absolute threshold. A pseudo threshold

has been obtained for CM. Thisrefersto theintensity level

at which the CM is observed above the background activity. In
noumals most often psendo threshold approximates 60dBHL.

but in some the psendo threshold may be as low aS 30dBHL.

Hence CM is not a reliable measure to determine threshold of
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hearing but is valuable in the differentiation of neuro-

logical and otological disorders.

Thus the Electrocochleography has a significant value in
the determination of threshold PS well as in the differential
diagnosis of various pathological conditions and in the
identification and differentiation of childern with psychiatric

problems.

The limitation of BE23G ae aS follows;-

1. ECoG measurementthroughasinfanttympanicmemebraneha:
been found to be of nmudh use, therefore a trans
mpanic approach is a must and this neccesstates the
administraton of general abesthesiain childern
M ost often the parents of the childern do not give
permission to use general anesthesia, and therefore

ECoG, cannot be used as A routine test in the
evaluation of young children. The information derived
from E3G is needed to take P decision ragarding the
course of treatment tobe followed. But as A record-
ing of EXG requires a surgical intervention, the
information will not be of muth uag(Bekesy

cited in Northeen and Down 1974). The record ing

of 3G involves many technical problems pnd there-

foreis not appicable on aroutine basis (Lerben Stal)

1961). Berlin (1978) has given the three mgjor

limitptions of E2G technique.

1. The stimuli which one normally percrives does not
elicit the action potantials. This indiates that,
EQG does not actuplly measure. One's hearing
sensitivity in the traditional sense, that is in
tha sense of behavioral response to sound.

2. The acoustic contraints of P short tone burst are
such that, an uncontaminated WAVE cannot be
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generated unless atleast 2 periods of the
singnal pass during therisetime. This
basically restricts the use of signals of
frequencies of aove 2KHz

3. Audiometric tones have slow rise times and
are continuous, and elicit single unit
activity, but these single unit activity will
not be synchcorous enough to average a compoud
potion potential. Therefore relating an

audiometric threshold to an ECoG response in
tenacaions. Two studies have reported of the
disagreement between voluatory threshold and
EGG three hold (Sggermont 1976; Berlin 1978 ).
But many other studies have reported of a good
agreement between the two measures, that is,
the subjective threshold pnd E33G threshold.
(Copts 1976, Maorey e a 1976, Nauton and
Lerlin 1976ab; cited in Berlin 1978 ).

The frequency selectivity of EH33G response is poor
(Eggermont Et al 1974).

Therefore 3G can be used as a supplement to

behavioural measures but not as a substitute in the eva-
luation of hearing sensitivity of children. The difference
in the threshold sensitivity obtained at the different

recording sites should be accounted for, while interpreting

the results.



CHAPTER 7
BRAIN STEM EVOKED RESPUSE AUDIOMETRY

ON presentation of an anoustic stimulus certain
potentials are gen rated which can be recorded from the
vertex. Those potentials which are evoked with in the
first 10 m.seconds following/stem evoked potentials.”
These potentials represent the bioelectrlcal responses
of the 3th nerve and brain stem nucleci. These were
first reported by Sohmer and Feinmes (1967). They
associated the multiple waveforms recorded from the

ve tex to repetitive firing of tne audit ry nerve.
Jewett(1970) also observed tess waveforms and reported

them as a unique response instead of associating them
with the repetitive firings of 3th nerve. His work
instigated a number of invectigators and resulted

in an extensive research in this area.

Thebrainsteam evoked potentials can be grouped into
two distinct categcriee based on the stiaulus charater-
istics. These are (l) Onset potentials and (2) frequency
specific potentials. The onset potentials can be further

clssified as follows.

(a) Par field potentials (Jewett and Williston [971)
(b) Far field BEG0G (Teekildseen et a 1975)

(c) Surface recorded ECoG
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(d) Brain stemauditory evoked responses
(Hecox and Gl anbbes 1974) ad

(e)transi ent responses occuri ng, wthin | . msecond
duration Hcton et al 1977)

The frequency specific potential s can be cat agori sed
anfoll ons: -

(a) Far field frequenqy foll owng response,

(b)2arly tone evoked response.

(c) .FRegquecy fol ow ng r esponse,
(d) Brain stemresponses to | ow frequency sounds ad

(e) sustai ned r esponses.

Qut of the two potential, the onset potential s
have been nore wdely adopted in the clinical set ups.
Jewel | ' s observation revealed a waveformwith 5 or
postive, wvaves wthlatencies varyingfrom2to 7 Msecs and anpl i t ud

varying from1l to 4 nv subsequent to presentation
These

potential swerestatedtoarisefrommul tiplelocationsinthe brain
stemad as characterised by the presence of 7 peaks.

These peaks have been referred to as P I, I, wave
I, 1'l, etc. Jewett(1970) has associ ated these waves

to different anatomhcal sites., that is he has g ven
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the neural loci for all these weaves, which are as

foll ows: -
Wave | Wol e nerve action potential,
Vave || Qochl ear nucl ear conpl ex,
Wave |11 Superior olivary nucl eus

Wave 1V  Nucl eui of lateral |emniscus and
Brachi um of inferior cclleculus,
VWve V I nferior colleculus

Wave VI & H gher brain centers or | ower brain
Y stem auditory centers.

The sour ce of t hese waves as gi ven by one ot her i nvesti gat or
varies slightly fromthat given by Jewett(l979)
Jte have attri buted the 3rd wave to contral at er al
olivaty bodies and that of 4th to lateral |em niscus
and pre olivaty region. This kind of allotnment of waves

to different anatomcal sites gives the inpression that

t hese waves are arranged in a serial order. But this notion
should not be entertained as studies have shown the

presence of wave V even in the absence of wave | (Menniera
nmeryl 976, cited in Martin 1976). The findings of Ormt z
et al (1930) also support the above contention. They

i nvestigated, the influence of click sound pressure
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direction, on brain stemevoked responses in children
of 2%to 11 years old. They observed significant di-
fferences in latency for the two directions respecti-
vely and this latency difference was not uniform
across the waves. Based on these observations, they
confirmed the absence of sane order in occurence of

t hese waves.

Among the sevel waves observed by Jewett the
5th waveis referred to as J V (Jewett V) or VN, (Davis),
whi ch the nost stable negative peak at vertex with
characteristic |atency

for the follow ng reasons: -

1. It is independent of state of arousal and
age of the 'subject.

2. Less time consum ng.
3. Easily accessable for recording.

4. Can be obtained at Hear behavi our al
threshold | evels (10 dB HL).

5. |s stable and reliable even at high
click rates.

6. Variability of its latency is within
an age group is very smal| and mani -
fe?ts systematic variation with matu-
ration.

7. Its latency is short enough4 to avoid
maski ng by  psychio response, and
Ion% enou h'to avoid confusion with
cochl ear nlcrophonlcs or stimulus

artifants.
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8. Good frequency differentiating indicator
of hearlng(Oster - Hamrruel) .

IT. Contrary to the general contention, Mendelson
and salany (1979) claim have I to be more reliable
than wave V. Thier arguement is that the have I
manifests less inter subject variability and the
maturatin of wave I 1is earlier that is by 6 weeks

compared to V which mature by one year of age.

Another stand given is that wave V voltage is very
small (O.1luv) acomplete relaxation is quest to be

able todetect response sat lowe Sls. Thus according to their
wave I 1is to be preferred while testing very young
infants and monates.

There are some was have recommended, the latency
difference between wave I and V for differential
diagnosis. In a clinical set ups, the latency of V,LI
and latency difference between wave I and V are tobe
considered in the mesurement of auditory sensitivity

and for differential diagnosis

Procedure:

The basic requirements for reliable valid testing
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6. Asunmdrin conputer to average |ow voltage responses.

7.6

been proposed by Davis and Hrsh (1975). They are

Good nuscul ar relaxation to avoid muscle action
potenti al s,

Hectrical and nagnetic shieldin to avoid electro-
magnetic stimulus artifacts,

Appropriate frequencies should be selected |ow

f requency shoul d not be used because t he r esponses

obtained will cot be clearly discernible and un-
reliable,

The rise and decay tinme should be re-pid as it
has to elicit * the early conponents of

the evoked potentials,

H gh pass filte should be used in recording system
to account for the conplex brain stemresponses,
this conpl ex response i s because each nucl uri
responds with its own | atency, waveform and
voltage resultin in a psuedorhythmc and super-

| nposed wavef or ns.

Equi prent :

A stimulus spectrum which generates clicks of 0.1 M seconds

The equi pnment required tc record BSER re ponses are:

with an interstinulus interval of 30 a.seconds, An

attenuator to control the click intensity, a filter wth
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with a bandwi dth of 300Hz to 1KHz,

puter to sumthe responses,

noni tor the response.

an averagi ng com

and an oscel | oscope to

The bl ock diagram of the set

upis givenin (Figure). ( )
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H ectrode pl acenent:

The subject is placed inside the test room |If

necersary the infant is seaten on the nother's | ap.

Natural sleep condititionis chosen. T en the ele-

ctrodes are fixed to the scalp. The placenent of
electrodes are varied for the masur ment of different
waves. For the neasurenent of wave |, the active
electrodes are attached the vertex and reference

to the ipsilateral mastcid. For wave V, the active
electrodes is placed on vertex, and the reffrence is
pl aced on the contrulatcral side of nect. For the

pl acenment of ground el ectrcde, either forehead or
opposite mastcid or neck is used. The alternative

pl acement pos tions can be targets reference on vertex
and earlope re pectively with ground el ectrodes on

f or ehead.

Recor di ng of response:

To obtain a single response, an average of 1024,
2048 or 4096 clicks are presented. Initially these

arc presented at 60 dBHL. (Ohce a responce is obtained,

the intensity is gradaul |y decreased to obtiinthresbold

The nornality of the response is based on an anal ysis
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of the follow ng paraneters:

a) waveform
b) latency of altwaves

c) latency of wave V and I,

d) latency difference between wave | and V and

e) the anplitude of eachwave.

The typical normal adult brain stemresponse is

as givenin Figure ( ).

AmpliRide —

A

: Cal‘cmj —3

Variation occur in the topical response, due to the

i nfl uence of a nunber of factors. The first and

foremost factor which exerts a mgjor influence on the

response is the Maturation of the auditory system
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As age advances the maturation al so proceeds steps

by step. This brines about veriations in the wave-

form anplitude and | atency of response.

The influence of saturation on | atency of res-
pons is reflected in the latency of wave |, V and

the latency differcnce between wave | and V.

Li eber man, Sohmer and Szal o (1978) observed
short earingof the | atency of wave V w th advancenent
of age in infants. Hecox and Gal aKbas(1974) have
shown a decrenent in the latency of wave V as a
function of age upto about 16 nonths. Schul man,
Gl a- : besh- Gal anbos(1973) have al so reported of
shorterning of |atency of wave V in a systenatic nanner

with age. A decrenment of 0.3 to 3.5M Seconds was

observed for every week during the devel opnent al
period of life. Salany and Mckean(1976) have reported
of shift in the latency of wave Vwith age. The

maxi num shift has been reported to occur between 6

weeks to 6 nonths and 6 nonths to 1 year of life.
Hecax and Gal nbcs(| 97/) observedi ni nfantsrangi ngfrom3
weeks to 3 years, observed the shortening of the

| atency of wave V progreesively as are advanced to

gain adult values be the age of 12 to 18 nonths of age.
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Thus all the studies have reported of an decrease
in the latency of wave V with increasing age. The
Adult value is said to be reached by the age of 12

to 13 nonths.

A decrease in the latency of wavel has al so
been reported, as in the case of Wave V (Salany and
Mckean 1976). The adult value is add to be reached

by 6 weeks. Thus the wave mature earlier to wave V.

Schul sGan, Gal anbos and Gal a bos (1975) tried to
give norns for premature and full term neonates for
the latencies of wave I and V. Their subjects age
ran ed from?7 hours to several days. They have shown

a consistent picture cf the orderly devel opnent al
changes taking place in the peripheral auditory appa-
ratus. They report, the appearance of brain stem
responses at around 28 weeks gestalicnal age, that

Is 3 nonths premature. They report that a threshol d

can be obt ai ned eveni n prenat ur e babi es at 30 dBabove
threshold of hearing for adults the |atency shortened

systematically with inccreases in gestational age.

The effect of nmaturation on the latency difference
between Wave | and V has been described by Starrs and

Aachor. They have defined the latency difference
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between | and V, as the tine duration required for
the conduction of nerve inpulses free auditory nerve
to inferior colliculus. They have given specific
values for different ages. |In newborns the |atency
differen e is given to be 4.5mseconds- Thus this
study clearly indicates the influence of maturation
on the latency difference between | and V waves of

BSER.

Thus all the above reviewed studies have indi-
cated a systematic shortening of 1 tency of I, V

and the internal between | and V with saturation,

The age related |atency changes have been attri buted
to the progressive nyclination the auditory nerve in
infants (langaworthy 1933, cited in Gerber 1975). The

ot her explanation for a decrease in the |atency between
| and Vis, that, it is due to an inprovenent in the
ability of ccc lea tc excite its auditory nerve and to
nyelination and or increased synaptic efficiency

the brain stemtracts and nucleri (I 975).

In general one can conclude that the auditors,
system uptill the level of brain stem reached

functional naturity of the first year of lift
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The other |'actors which influence the response

are intensity of the stimulus and the presentation

rate of stimulus. The efect of intensity on response
has been described by several investigators. Lev ad
Sohamer (1972) have reported of charges in latencyand
amplitude of response with changes in intensity. Heoox
and Odambos (1974) have also reported changes in
latency as a function of intensity, Gadambos ad
Schulman(1975) in chil ren, age ranging from 6 weeks
premature to 15 years, observed shortening cf latency

of wave V with an increase in the intensity of stimulus.
They report that a clear respose is obtainable only

a an intensity of 60 dB L. But an identifiable res-
ponse can be obta rsd at intensities as low as 10 dBSL
(Hecox and Gaasbos 1974), Ist complete relaxation is

achieved in the subject undergoing test.

The rate of clicks presentation aso have a mgor
influence on the response. Jewett ad iilist-n (1971),
Heoox and Gdambos (1'J74) have reported that the wase
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| and IV as highly sensitive to the rate of present-
ation of stimuli. But wave Vis reported to be stable

and reliable even at high click rates. Fujikawa and
VWber (1977) studiedinfants of 7-8weeks ol d. Thei r study
presented the stinmuli at different rates. They observed
| arger latency shifts when the rate was very fast.

(Prah and Soher 1976). This study have relatad | atency
shift to the refrantcriness and a decreased eiffciency
of the synaptic juction at fast rates of presentation.
Jerkildnen et al. (1975), Throruton and Col eman(l 975)
have explained it on toe basis of increased nerva
asyncliway and reduction in nerval Airing rate on

increasing the rate. The optical rate is given to be

10 to 30 clicks per second. Therefore in recordi ng BER

are should take care to control the influence of there

factors.

The factors such as state of the infant, frequency
of stimuli stages of sleep and sedation have not been found
to have any effection the brain stem evoked response
t hereby enhani cing the efficiency of the BSERin the
estimation of auditory throsholds, disserential

diagnosis in neonates as well as in elder children.
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The advantages of this technique can be summari sed

as fol |l ows: -

El i abl e prediction of threshold
Eliable differential diagnosis
B iabl e econom cal

B iable risk of anesthesia is absent
H i abl e absence of habctuati on(Schul man, Gal anbos

g s~ w0 nh PR

1975)
6. Eiable responses independent of

stages of sleep, and scdati on.

A nunber of studies have reveal ed the useful ness
of this procedure in the prediction of threshold usually

in differential diagnosis.

Predi cti on of threshol d:

Starr et al (1975) have reported that ever in pre-
mature infants (33 to 41 weeks gestational age), a
response could be obtained at intensities as |ow as
25 dBH.(2O't adults threshold). Schul man and Gal anbos
and Gal anbos(| 975) al so have recorded onset potentials

at 30 dBHL premature infants of 36-39 weeks gestational

age. Mokotoff et al. (1977) have reported of a good
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correlation between the threshold obtained from this

procedure to other tests |like inpedance etc, in

children ranging from6 weeks premature to 15 years.

Hecox and 4 anbos(1974) also obtained a threshold of
20 dBHL in children ranging from 3 weeks to 3 years

of age. Thus all the above studies point to the
efficacy of this procedure in the prediction of thre-
shol d.

D fferential diagnosis:

A few studies .\ere conducted to investigate the
utility of this technique in differential diagnosis

Berlin(1978) on normals and antishes, presented
postive and negative polarity pulses. The responses of
autistics were 190 out of phase for the two pul ses res-
pectively. In nornmal only mninmal changes in |atency was

obser ved.

Fuj i kana and Weber (1977) presented the clicks at faster
rates that i s, 33/seconds to 50/seconds. In nornals no
shift in latency occured for the presentiationrate of

33/ seconds but in brain stem disordered subjects, a large

shift was observed even at the rate of 3 /seconds.

Have reported of prol onga-
tion of wave | latency even at high intensities that is 55

dBSL, in children with otitis nedi a.
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Chi sin, Perlman and Sohner (1 979) admni stered
both BERA and ECoGto hearing inparid children with a
hi story of hyperbilirubinema and with no history of
hypebi | i rubuering. They observed an absence of BERA
and ECoG response in children with no history of
hyper bi | i rubi nem a, In the other group the brain

stem evoked response was absent but the ECOG response

was present.

Thus from the above data, one can concl ude that
thi sprocedure does aid in differential diagnosis.

Screeni ng: Gal abos(1978) sugested the use of this
procedure for screening in nurserice tested the
feasability of this procedure for screening. He
presented clicks at 60 and 30 dBHL to neonates in
neuseris. Al the neonates in his study gave res-
ponses at 30 dBHL. Thus be concluded that this

procedure can be adopted for screening.

Reliability apd validity:

This technique is considered to be quite reliable

and valid. Hecox and Gal anbos(|974) consider this

procedure to be a eliable and sensitive prediction
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of the sensitivity of the peripheral auditory system
Gl anbos(1977) has reported of a good agreenent
between the results o this procedure and i npedance.
and thus conclude that this is a reliable method for
the estimation of hearing sensitivity. Gl anbos(l973)
states that" auditory brain stem audionetry readily
identifies the baby with a significant hearing |oss
at the earliest possible BERAnmonent in his life."

He considered to be a precise and reliable nethod,
and clains that no infant is untestable. He also
clains that fewany of nornal hearing infants wl |

be di agnosed as hard of hearing, and only rarely

will a hearing inparted be diagnosed as normal. There-
fore one can infer, this nethod to be reliable and Valid

in the evolution of auditory sensitivity as well

as for differntial diagnosis.

Inspite of its many advan agesBERA does have

certain limtations. There are:-

1. This is a pror test of sensitivity of the
cochlea for frequencies below 2KHz
(Davis and Hrch 1976, Gal anbos 1977).
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This does not provide any infornation
regarding the activity of the higher

| evel s of auditory system Nornal res-
ponses can be obtai ned from anencephalic

neonates as wel | .

Choi ce of ear for hearing aid is not
possi ble fromthis procedure, an one
cannot delinmate the participation of each
ear. Both ears are invclved in this
nmeasure due to the trace crucial trans-

m ssion especially at high intensity.

Even for BE, simlar problemarises unless

maskeing is done. But data on naskeing

in BERA is not avail abl e.

The el ectrical shielding, cos on node
rejection, nuscle actifact and anbi ent
electrical activity mght observe the
recordings and confirmed identification
of response.

.Finally as both sides of the auditory

system are being stinulated at |evels

above the Cochlear nucleus in certain cares,



7.20

t he response gets cancelled. In such
cases, one is liable to nake wong inter-
pretations regarding the hearing status

of the subject.

Sunmmary:
The brain stem audionetry is a neasure of the
early conponents of vertex evoked potentials. The

| atency period of O - |Omseconds is considered for
analysis in this audionetry. The threshold obtained

fromthis procedure is found to correl te well wth

ot her behavi oural and objective tests. This being

an ojective,test, it requires mninmal co-operation
fromthe subjects. Therefore this can be used in
the evaluation of children of all ages and difficult
to test population, as the brain stemrerpoares are
not afiected by state of the child stages of sleep
an well as sedation. This also aids in the differ-
ential diagnosis. Therefore this neasure can be
considered to be a reliable and valid technique

and its value intesting. childrenisissignificantly
hi gh.
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EVOKED RESPONSE AUDI OVETRY

Evoked response audionmetry is a devel opnment of the EEG
audi onetry, whereby the cortical responses of the brain to sound
stimuli is sunmmated by neans of an averagi ng conputer which allow
the snail buried cortical responses to be detected. It is based
on the observation that m nute changes occur w th ongoing brain
wave actively in humans, when an auditory stimulus is introduced

at the ear.through

The initial efforts at reading these EEG changes can be
traced very back to 1930's. But in very early tinmes, attenpts
at recordings of these responses were not very successful be-
cause of the large anplitude of the background activity. There-
fore with the introduction of small purpose conputers, have ena-
bled to extract the stimulus specific responses fromthe random
background activity. Thus the apnearance of any specific pattern
can be suspected to be a response to the signal if it foll owed

the stinmulation of the presentation/stimulus presentation.

The strategy for enpl oying these techni ques are when
an infant falls to cooperate for other subjective techniques
and in when the other technique of BSER has yielded in con-

tradictory results.

The evoked response can be categorized as foll ows:
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M ddl e evoked potentials, |ate conponents - vertex potentials.
These potentials can be differentiated on the basis of the

| atency of different peaks which characterize the ERA wave form

The mddle potentials are responses which occunred at a
| atency of 8 to 56 nsecs follow ng auditory stimulation. The
| ate potentials are those which occurs within 50 to 500 nsecs
of the follow ng acoustic stimulation. The response that
occurs with a latency of greater than or equal to 300 nsecs is
terned as "contingent negative variation", response. Sone
characteristic response occurs within the 0-2 nsecs. follow ng
stimulus onset, these are the cochl ear potentials and those
whi ch occur within the time duration of 2 to 8 nsecs, are the
early conponents, the source of each of these conponents are

contributed to different neural systens.

The early conponents are claimed to reflect the activity
of the eighth nerve and the successive brain stemnuclei. These
potentials pertain to the brain stemevoked potentials. The
mddle and | ate conponents together can be ternmed as cochl ear
potentials. Later some research has been conducted on the
utility of these potentials as an index of hearing. Among the

two, the late potentials have been nost w dely studi ed.
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H storical consideration

The first person to report of EEG changes on stimulation
was Davis et al (1939). Macus (1949) anong the first to suggest
the determnation of threshold using EEG changes fallow ng audi -
tory stinmulation. This was |later given by (Davis et al 1939,
Macus (1949), the first to report of the use of EEGto
neasure the relation to sound in young children during barbituate
sl eep was Macus, G bbs and G bbs (1949). The earliest report to
neasure the pure tone audi ogram usi ng changes in EEG was
publ i shed by Gdoll in 1952, in 18 nonth old infants w th sus-

pected hearing | oss.

The averagi ng was of the response was gi ven by Dawson
(1947), Wierein the responses were photographical |y superi nposed.
This technique gave a waveform representing the evoked potenti al
which was tine |ocked to the presentation of each stinmulus, whth
coul d be detected agai nst the background EEG activity; whose
tenporal duration is random But the begi ning of nodern
era of evoked potential audionetry was by the devel opnent of

digital conputer (1960).

The instrunments required for the recordi ng of evoked
potentials are as follows: S gnal presentation system
averagi ng system recording systemand storage system

The set up the instruments is as given in Fg ( ).
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By varying the stimulus paraneters, the different evoked potentials
can be recorded. In this chapter, the discussionwll be limted

to mddle and late potenti al s.

M ddl e conponent s/ potential s

These were reported by Ceiser, Frishkopt and Rosenblith
in 1958. These potentials occur within 8 to 50 nsec subsequent to
stinmul ati on. The peaks of this waveforns are: No, Po N, P, and
N,. These potentials are recorded naximally at the vertex with
the reference on the enrlobe or mastoid. As regards the origin of md-
dle potentials, Gesler, Frishkopt and Rosenbl Ith(1958) have suggested
that these potentials are cortical inorigin. 3ut 3rick ford, Jacob-
son and Cody (1964) and others have attributed the mddl e conponents
to the domain of nuscles of head and neck. Therefore the origin of
mddle potentials is still being debated. The m ddl e conponents
may be obtai ned by averaging the responses to 400-500 tone bursts

wtharise fall time of 2.5 asecs. and a duration of 2 secs.

The waveformof the mddl e conponents conprises of three
negative and two positive peaks within 8 to 50 nsecs. follow ng
stimulus presentations. The anplitude between peak to peak is
found to be about 0.6 to 2.0 . The anplitude has been found to
vary with variations in the intensity of the stinmulus. An in-
crease is observed uptill about 50 to 60 dBSL, and after this

| evel , the nyogenic potentials get generated.
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The feasibility of using the mddle conponents of auditory
evoked potentials in testing of neonates and infants was investi-
gated by nany studies (Mandel et al 1975; oldstein et al, 1967,
MParland et al 1977, Wl f and Gol dstein (1978).

Studies have reported of an stable and repeatable mddl e
potentials in asleep neonates of 34 to 96 hours, and in infants of
one, two and 8 nonths of age (Mendel et al (1974), Mendel et al
(1977), Wlf and Goldstein (1978). The threshold obtained fromthe
mddl e averaged potential of evoked potentials in neonates of
24-96 hours and infants have been reported to correlate well with
the adult behavi oural thresholds. The difference between beha-
vioural and this threshold has been found to range fromlO-20dB

(Wl f and Goldstein, 1978).

The wave form of neonates was found to differ very slightly
fromthat of adults. In the waveformof children, the peaks P
and N; which occurs between 50 to 80nsec follow ng stinulation
was not seen. The peaks N,, P;, N, occurred independent of age.
Gol dstein and McRandl e, 1976). The |l atency of the peaks was
shorter conpared to the adults |atency. The anplitude of the
wavef ormof children was shorter, 0.2 to 0.6 conpared to that

of adul ts.

Che noticeable difference between the adults and neonat es

was in neonates, the response was better in the ipsilateral ear
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conpared to the contralateral. This asynmetry was not seen in
adults. This a symmetry was attributed to the imortality of

the comm sural systemin neonates.

The wave forns were not affected, by sedation. The
m ddl e conponents of evoked potentials, could be used to get
frequency specific infornmation al so. Thus all the data, point to

the efficacy of this neasure in testing children.

The ot her conponents of the auditory evoked potentials
is the late potentials which occur between 50 to 300 nsecs
after the stinmulus onset. These potentials are also referred
toa 'K conplex (Davis). This was first described by Davis
(1939). According to Davis (1939) the |ate conponents are
pol ysensory response that resune activity sinmultaneously
inthe prinmary auditory, cortex, the tenporal auditory asso-
ciation cortex and the frontal association areas. Therefore
these can be elicited with auditory, verbal or tactile stimuli,
but the response to acoustic stimuli can be delineated because

the auditory response nanifest the shortest |atency.

The late potentials have been reported to be maxi ma
when recorded fromthe vertex with a reference on the nastoid
or earlobe. The optinal response has been reported to be

elicited with pure tones having rise fall times of 20 nsecs and
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a duration of 20 nsecs at fregencies 100 and 2000Hz (Ski nner
and Jones 1968, Onishi and Davis, 1968; Antinoro, Skinner and
Jones 1969; Evans and Deat herage, 1969; Rachmann, 1970;

1972).

The waveformof the |ate conponents of auditory evoked
potential is conprised of 2 promnent negative and positive
peaks, designed as N, N,, P; and P, wwth peak to peak anplitude
ranges from5 to 20 . A clear response has been found to be
elicited with just 30 to 56 stinulus presentations. The refra-
ctory period of these conponents has been found to be | onger
than that for other potentials. Therefore a |onger interstiaulus
interval is required, nore so when the subject is asleep(Davis

et al, 1966, Nel son and Lassnan 1968).

These potentials also vary with variation in the intensity
of the stimuli. As the intensity is increased, a decrease in
the latency is observed and an increase in the anplitude is
observed uptill certain level, after which a further change
occurs (More and Rose, 1969; Picton, Goodman & 3ryce, 1970;

Beasl ey & Kel | ogy, 1970 and others). The threshol d obtai ned
by I ate conponents was found to correlate well w th the beha-
vioural threshold, that is the two thresholds were wwthin *

20 dB. The normal threshold in awake infants has been establi -

shed as 30 dB SL (Mendel etal 1975, cited in Gerber (1978).
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Many studi es have been conducted to investigate the
value of this neasure as a diagnostic test in the assessnent
of the hearing function of children. (MCandles (1968), Suzuk
and Origuchi (1969), Fatemand Gordon (1972), Rahko and Lai -
takari (1975).

Pattern and Gordon (1972) eval uated the responses of
infants of 1-7 years of age who had failed on pure tone audi o-
netry to | ate evoked response audionetry. They could gat a
consi stent response in 68.6%of the population tested and al so
a high correlation was al so observed between the threshold for
| ate SPA and Behavioural threshold. The two thresholds were
found to be neither .+ 15 d3. Rahko and Laitakari (1978) testing
children using a 4 channel electric response audi onmetry. Their
results did not favour the usefulness of ERA in differentia-
ting normal fromhearing inpaired children. A large overlap
was observed in the scores of the two groups. The variability
was very |arge sentences. Sone nornmal subj ects gave responses
at 80-90 dB whereas some hearing inpaired gave responses at 30 to
35 dB. For diagnosing the child as hard of hearing, |arge anount

of tinme was needed.

So based on these results, they concluded that ERA has
limted application for children below 3 years of age, and
that ECOG and BSER should be preferred while testing very young

chil dren
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Though Rahko and Laitakari (1978) have suggested that ERA
is not of nuch use in the testing of children. Many studies have
reported of a high correlation between this test and other standar-
di zed tests, thus enphasizing the place of ERAin test battery for
the eval uation of children (MCandl es, 1968; Price and Gol dstein
(1966), Tyberghevi. Tand Forrez (1971), Lowell et al (1975) and

ot hers.

The validity of this measure has been established with
the Late conponent of the evoked response potential threshol ds

in children

The validity of this neasure has been established by
conpari ng the behavioural thresholds with the LERA" threshol ds
in children of varying age groups. Price and Goldstein (1966)
observed a good agreenent between the behavioural and 3RA thre-
sholds in children of 2 nonths to 13 years. MCandl es (1968) has
reported BRA thresholds to be within 5 dB of behavioural thre-
sholds in infants. Lowell etal (1975) have al so found t he beha-
vioural threshold and LERA thresholds to be within .+ 20 dBin
infants of 9 days to 36 nonths. Tyberghevit and Forrez (1971)
conpared t he CCRA thresholds with LERA thresholds in children
of one to 4 years of age. The two thresholds were within 10dB
Suzuki and Ciguchi (1969) al so conpared the CORA and ERA

thresholds in children of age ranging from4 nonths to 4 years.

* Late Conponent of the Auditory Evoked Potentials
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They observed the EPA thresholds within 0.20dB of the CCRA
thresholds. Al the above nentioned studies have establi -
shed that a good correl ation exist between ERA and behavi -
oural thresholds. The test-retest reliability was al so
checked and was found to be high (Lowell et al 1975). The
accuracy of prediction was found to be 70%in the initial
test and 85%on retest (Lowell et al 1975). Thus, by
conpiling all the above reported data, one can concl ude
that |late conponents of the evoked auditory potentials

are a valid and reliable neasure of hearing sensitivity.

The wave formof the |ate conponents of auditory
evoked potentials are found to resenble that of adults
but differences are observed in the |atency and anplitude
of the waveformin infants. The latencies N, and P, and
N, peaks are found to be longer in infants conpared to
adults. The N, peak denonstrated naxi num changes as a
function of maturational process. The latency of N, and
the anplitude increased with the advancenent of age.
3ut in contrast to N,, the peak P, and P; did not show
any significant changes with increase in age. The P,
was al so constant conpared to the N. The P, renained
con-stant or increased slightly for alnost 6 weeks after
birth and Ilater diclined(Suzuki and Taguchi 1977;
Sennet 1968; Engal 1967).
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In infants the N, and P;, have been observed to occur
bet ween | atencies ranging from + 150 - 300 nsecs whereas
the N, peak has been reported to occur anywhere in the range
of 85 nmsecs to 550 nsecs. But an N, at 300 nsecs | atency
has been considered as a good indicator of hearing (Wiiam
Jepas, Morlock 1961) for general in the waveformof children,
2 peaks are promnent. They are the N, and P,. The peaks
P;; P; and Ny are found to be uncomon especially if the

children are fasl eep.

The anplitude of the peaks has been observed to vary
as a function of intensity and in children. An increase in
the anplitude is observed with an increase in intensity.
The effect of intensity is nore pronounced on P, A decrease
on Latency is also observed with an increase in intensity
(Taguchi, 1969).

The stage of sleep of the infant has been found to have
an effect on the response waveform An increase in the
| atency during sleep for all the peaks except P; has been
observed in infants of 16 days to 3 nonths ol d(Suzuki and
Taguchi, 1977). Aincrease in the anplitude and | atency
of N, was observed in the infants ol der than 2 days old

in the deep sleep (Taguchi, 1969). An ideal state for
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testing is suggested to be quiet sleeps (Fatern and Gordon,
1972) natural sleep or nuiet awake condition (Price and
Gol dstein, 1960). Onh frequently needs to use sedatives
while testing children, especially the difficult to test
ones. 3ut theuseof sedatives influences the response on
the ERA. A deep anesthesia has been reported to abolish
the response correctly (Saff, 1966). An admnistration of
nitric oxide has been found to change the inpedance of the
nodel le ear and this nodifies the EBA waveform ( Thonpson,
1968). The oral admnistration of sedatives has al so not
been advised as the full dosage will not be consuned.
Therefore intramuscular admnistration is recomrended
(Ladder and Norris, 1963).

Wil e admnistering sedatives, one should take care
of the drug that is used as sone drugs have an effect on
the response wavef ormwhereas others do not. Pheno-
barbi tal and Nenbutal have been found to have an effect whereas
Phenergan has not been found to have any effect on the res-
ponse waveform (Faltern and Gordon, 1972),(Price and ol d-
stein, 1966), Hune and Cant (1977).

The effect of sedative was nmanifested by changes in N,
the N, peak was found to be resistive to sedation (Price and
Col dstein, 1966). Therefore if the child remains still for

30 to 45 mnutes,admni stration of sedative should be avoi ded.
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The frequency of the stimulus was not found to have
any effect upon the response waveform (Suzuki and Oigu-
chi, 1969).

The age of the child and the presence of hearing
| oss was observed to effect the waveform Studies have
reported of an decrease in the latency and threshold
wi th advancing age (Suzuki & Origuchi, 1969). The gesta-
tion age maximum for the elicitation of response was given
to be 252 days (Taguchi, 1969).

Presence of SN |oss was observed to result in sharply
defined waveformat an intensity |evel, close to the thre-
shold. This was attributed to the recruitnent, which is
often seen in cases W th cochlear loss (Suzuki, Krlchiro
& Taguchi, 1979), Cody et al (1968) also observed a simlar
phenomena in adults with end organ di sease. This phenonena
actually increased the reliability of neasurenent of, at
threshol d the response waveformwas very clear.

The late conponent of the auditory evoked potentia
has been found to be influenced by the prestlnulus state,
sedatives adm nistered, the age of the subject, the intensity
of the stimulus and the presence of a hearing |oss.
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In conparison to late coaponent, the mddle coaponent
of the evoked potentials are not affected by any of the
factors mentioned above. Thus the mddl e coaponent nea-
sures are oreferrable for late coaponents in determnation
of overall hearing sensitivity of the child. But if fre-
suency specific inforaatlon is desired, then [ate coapo-
nents nmeasures are to be preferred.



CHAPTER I X

RESPI RATCRY AUDI OVETRY

ReaPiratory audionetry refers to the assessnent of
auditory sensitivity interns of alterations in respiratory
cycl e consequent to acoustic stinulation. This was first
utilized in the testing of infants by (Caneatrini 1913; cited
in Bradford & Bradford 1975). He observed a slowing and a
flattening of the respiratory curves follow ng the Presenta-
tion of various uncalibrated stimuli. As the alterations
were consistent with onset of stinulus, he advocated the use
of respiratory measures in the evaluation of the auditory
sensitivity of children. Following the [ead of Canestrin
(1913) an extensive research was conducted to exam ne the
val ue of respiratory neasures as aPotential clinical tool for
audi ol ogi cal eval uation of children.

The techniques of neasurenment of respiratory changes
to stinuli varied widely fromone study to another. The
sinpl est and also the crudest nethod was the use of an inflated
girdle, applied around the child s chest to neasure air Pressure
changes caused by breathing (Rosenare 1962, cited in Cerber,
1977). This type of nechanical transm ssion of breathing nove-
ment was found to be inefficient. Therefore, the inflated
girdl e was supplentned by strain gauze systens. (Bradford etal;

1972, 1975). The latter has been the nost accepted techni que.
This will be described in detail a little leter inthis section.
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Two et her techniques have al so been enpl oyed (Hezon &
Jacobs 1967, Kankkunen & Liden 1977). The first is the nea-
surenent of differences in tenperature in the nostrils during
inhal ation and exhal ation as a measure of breathing Pattern
(Heron & Jacobs 1967, 1968). This involves the Placenment of
a thernester in acage over the infant's nostrils, that is
within%cm of the nostrils. Due to the cunbersone Procedure
i nvol ved* this was rejected as an appropriate neasurenent te-

chni que.

The ot her method is, the neasurenent of changes in
| npedance, a Procedure enpl oyed by KanKkunen & Liden (1977).
Inthis, the electrodes were Placed on both sides of the
infant's (6 months ol d) chest. Aweak high frequency current
was given to the el ectrodes. The breathing movenments which
changed t he vol une of air of the lungs nanifested as changes
I n inpedance, such changes in inpedance were recorded inthe
formof variations in voltage across the el ectrodes. These
vol tage variations reflected the breathing rhythm These
variations were anplified and recorded on a m crograph.
This nethod is referred to as |npedance Pl ethysueoaraphy,

and has been considered to be quite sensitive technique for
t he neasurement of respiratory variations followng stinulus
Presentation. But the strain gauze systemis nore w dely used.
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The strain gauze systemis a bel |l ows actuated Photo—
electric unit. This is connected to a stimulus tiner and to
a one channel Polygraph with an event mark. The set up of the

equi pment is giveninthe figure ().

sStrain Recorder
Gauze

5

Event marker

Timer Stimilus Presen=-
tation Switch

Control line

T —— S SR

e AudiOmeter

ek

(Courtesy Bradford and Rousey 1972)
PROCEDURE:

The infant is seated on its nmother's lap. The strain
gauze is waPPad around the thorax of the infant. This strain
gauze generates a signal corresponding to the infant's respira-
tory cycleandis recorded on the Pol ygraph as a sinewave. An
audi oneter is used to aresent the stinuli. The duration of the
stimulus is controlled by a timer connected to the audi oneter.
The location and duration of the stinmulus is indicated by the
event narker on the Polygraph. Prior to the Presentation of
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the stimulus, a mninmumof two successive regular respiratory
cycles are recorded. The stimulus is applied at the initiation
of the respiratory cycle using the ascendi ng nethod of presenta-
tion, in 5dB steps starting at 0 dB. The post stimlus respi-
ratory cycles are recorded and anal yzed with reference to the

pre-stimulus respiratory cycles (Bradford & Rousey 1972).

NCRVAL RESPONSES

A nornmal response is considered to be either a reduction
in the anplitude or depth of inspiration, a jammng of two
respiratory cycles, a flattening at the positive peak between
the inspiratory and expiratory phase of respiratory cycle or
a conbi nation of the above types at an intensity |evel between
O - 10 dB (ANSI 1969) (Bradford & Rousey 1972); (Bradord &
Broadford 1975).

The figure ( ) illustrates the pre stimlus and post

stimulus normal breathing patterns/nornal respiratory curves.

SR |

W\/\/\/ Pre stimulus normal breat hi ng

R T T e

/\/\_/\/\_/\ Post stimulus respiratory curvet

e Reduction in anplitude

/\/\/\f\/\\/\ Jammng of tworespiratory cycle
W Fl attening of the positive peak

(The figure is reprinted fromBradford & Rousey 1972)
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Variations in the typical response occurs due to the influence
of a nunber of variables. These variables can be categorised

as follows for conveni ence:

1. Stinmulus variabl es

2. Response vari abl es

3. Anal ysi s vari abl es, and
4

M scel | aneous

Stimul us Vari abl es:

The two paraneters of the stinulus which are suggested to
erect an influence on the reaponse are, the type of the stimulus
and the intensity of the stimulus. Thetypeof stimuli to be
adopted for respiratory measurenment is the nost discussed and
| east argued upon paraneter. A nunber of studies have been
conduct ed whi ch have neasured the responses |ike auropal pebrai
reflex and noro reflex for a variety of stimulus. Al these
studi es have cone to barying concl usi ons regardi ng the applica-
bility of various stimuli in respiratory audi ometric neasures.
St udi es nmeasuring the respiratory response changes to vari ous
stimili have al so been reached, regarding the ideal/optinal
stimuli for use in this audionmetry. Another aspect which has
been studied quite extensively is the pitch discrimnation
ability inchildren. This aspect has rel evance to the selection
of an appropriate stimulus. A review of sone of these studies
will be given to highlight the difference of opinion existing

inthis area.
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Stubbs (1934) in her experinments on infants 1 to 10 days
of age observed no differential response to different frequency
stimuli (cited in Gerber (1977) Suzuki etal (1964) eval uated
the neonate's responses to pure tones and environnental stimul
(Gow nooing) at different intensity levels. M significant diffe-
rence in response was noticed for the two stinmuli, (cited in
CGerber 1977). Heron and Jacobs (1967, 1968) used pure tones and
war bl e tonea and observed better responses for warbl e tones.
Thus they recommended the use of a | ow frequency (250-500 Hz)
nmodul ated tone with a nodul ation rate of 10Hz and a duration
of 4 secs. Kunp and his associates (1966, 1968, 1970), cited
In Gerber 1977) have advocated the use of a subject’'s own
breat hing sound to white noi se and pure tones, to be used as
stimuli for further testing. Bradford (1975) has recommended
the use of pure tones. He did not observe any difference in
the response to the | 000Hz and 3000Hz pure tone stimuli in in-
fanta of 2 to 24 days. Gerber and Gl echrist (unpublished)
used hi gh pass and | ow pass filtered speech in testing neonates
of 8 to 12 years. They did not observe any differential
response to the two stimuli. Thua an audiol ogist has a multi -
tude of alternatives in the selection of stinmuli, as no one

stimuli has been proved to be the ideal.

The ot her paraneter of the stimulus, whose influence
on the response is still debated is the intensity of the

stimulus. One encounter diverse viewpoints and results, while
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goi ng through the nunber of studies that have studi ed the
paraneter. ne set of investigators, report of an absence of
significant correlation between the intensity of the signal and
the response except at very high intensities, which results in
a gasp reflex (Heron and Jacobs 1967, 1968), Mal een (1976),
Ceens and Hagberg (1978). But contrary to this, sone have
reported of a positive influence of intensity on the response.
Stubbs (1934) has reported of an increase in the rate and nagni -
tude of response with an increase in the intensity and duration
of stimuli in neonates of 1-10 days. Susuki etal (1964) have
reported of an increase in the response (deep inspiration) with
an increase in the intensity and the maxi mal response was observed

to occur at 70 - 80 dB.

Cerber & G lchrist (unpublished) have reported of an
increase in the anmount of respiration rate change with an increase
inintensity. The duration of changes inrate is also reported
to be related to the intensity of the stimulus. Hayes and Jerger
(1978) al so have observed an increase in rate with an increase
inintensity but it was not found to be nore significant as the
change was only 7%over a 40 dB range. Mjjority of the nost
studi es reviewed here report of positive correlation between

intensity of stinulus and response nmagni tude and rate.

Sone studies report of an maxi mal response at threshold
| evel (Poole etal (1966), Kankkunen & Linden (1977). The
expl anation offered for such a phenonenon is that, at threshold
the sound will be very faint, and therefore to hear the sound,

the child will have to reduce or stop breathing. This results



9.7

in marked reduction showing of the respiratory cycle which is

easily identifiable.

Thus all these studies reveal the disagreenent that is
existing regarding the influence of intensity on the response.
Therefore nore research is desirable, to make any ki nd of con-
cluding statement with respect to the relation between the

intensity of the signal and the respiratory response.

Response vari abl es:

The index of response is either changes in rate, or
pattern of response or the presence of a gasp reflex. The rate
of response refers to the frequency of the expiratory and inspiratory
cycles. Thisis conputed by counting the nunber of respiratory
cycles per time period. The ideal tine period to be chosen for com
putation of rate has not been given. Lipton, stenischneider &
R chrmond (1960) have recommended the use of 5 sees whereas Gl chri st
recommends 20 secs. Therefore the clinician should chose a tine
period, which he feels to be adequate to get a reliabl e nmeasure

of the rate changes prior to and after stimulation.

The pattern of response refers to the shape and nagnitude
of the response curve. Changed in the pattern of response follow

ing stimulation is nost often enpl oyed as an i dea of response.

In a respiratory response curve, one sees peaks and
t roughs whi ch corresponds to the inhalation and exhal ati on phases
of respiratory cycle. One cycle is conprised of one peak and

one trough. To determ ne one cycle, either peak to peak or
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trough to trough nmeasure is enployed. One normally seea a
regular curve prior to stinulation but on stinulation,sone
changes occur. These changes are of varied type. Suzuki etal
(1964) have reported of a decrease in the negativity of response
or the appearance of sudden deep inspiration manifested as an
increase in the magni tude of peaks follow ng stinmnulation.

Heron & Jacobs (1967, 1968) have reported of a prolongation of
inspiratory cycle after the cessation of stinulation. Bradford
(1975) has described three types of changes in the pattern of
response on stinulation. These are : (a) a decrease in the
anplitude of response, (b) a Jammed or an M shaped curve or

(c) a flattening of the peaks within a specific tine period.

Al these changes may be seen or only a conbination of any of
the three may be seen on stinmulation. Al these studies
clained the changes in the pattern of response on stinulation
to be a nore reliable neasure than a neasure of the changes in
rate. But Glchrist (1977) considered the changes in rate

to pattern of response, for the follow ng reasons:

a) The changes in rate were anenable for conparison
bet ween and anong subjects,

b) The changes in rate were easily connectable into
a ratio or shole nunber integer,

c) the norns could be established without nuch diffi-
culty and,

d) the variations could be conpared for statistica
si gni ficance.
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For clinical purpose, one can either frame the criteria
of normal response, on the basis of variations in rate or pattern

of response. The ideal, would be to consider both.

Anal ysis variable

Basically, three nethods of analysis are avail abl e.
These are (1) Measurenent nmethod (2) Visual identification
nmet hod (3) a conbination of the above two (cited in Hartley and

Hetrick, 1973).

The measurenent nethod involves a direct measurenent of
the rate and anplitude of the cycles follow ng stinulation.
Hence the nunber of cycles by the paper speed on Gscill ograph
was converted for a unit time. A conputer searching method was
used to count the nunber of cycles instead of manual met hod
to increase the accuracy of neasurenent. Once the neasurenents
were made, arithnetic and statistical methods were applied to
see whet her the changes in the nunber of cycles and the anplitude
wan of sufficient magnitude and duration to be judged as a res-

ponse (cited in Hartley & Hetrick (1973).

The visual identification nethod was given by Bradford
(1972). Hence the traces are nonitored visually, and the
set criteria of response is applied to the obtained traces.
Dependi ng upon the agreenent between the two, a judgenent of

response i s made.
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The two net hods, neasurenment and visual identification
has been conpared to study the value of each in the analysis
of respiratory responses. Bradford (1972) clained visual
identification nmethod, less tine consum ng than neasurenent
nmet hod and therefore a better nmethod conpared to the measurenent
nmethod. But Hartley and Hetrick (1973) (in their study in adults)
found the visual identification nethod to be anbigous as it
yi el ded high fal se positive responses in adult subjects.
Therefore they considered the visual identification method not

a very useful and valid nethod.

Hogan (1972) (cited in Hartley & Hetrick, 1973) conpared
the visual inspection of rate; anplitude and waveform vari ati ons
to the respiratory response under conputed by the respiration
rate and the time length. His observation revealed the respira-
tory response idea as a nore sensitive neasure than the visual
i nspection nethod. Thus all these data point to the superiority
of neasurenent nethod over visual inspection method in the analysis

of respiratory responses.

One other neasure which has been used for analysis is the
nmedi an cycl e duration. The highest nedian cycle is considered as
threshold (Ronaey etal (1964) (cited in Jones and Martin, 1977),
Pool e etal (1966) and Teel etal (1967). But this has not been

put to use very often.

Thus a clinician can enploy any of the above methods for
anal ysis of data, the choice being dependent upon the phil osophy

foll owed by the clinician.
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M scel | aneous Vari abl es:

Sone of the other variables which influence the respiratory
responses are age, environnment, know edge of the task, pre-stinmulus
state, interstimulus interval, and the repetititon of test. Each
one wll be discussed in bries, just to stress the inportance of

t hese variabl es while judging a response.

Age: The infant's respiration pattern imediately foll ow ng
birth to 6 nonths of age is deviant fromthat of the adult's form
At birth the breathing is reported to be very rapid and shal | ow
(Desnond etal 1963). The breathing pattern in the initial nonths
I's predomnantly abdomnal and di aphragmatic in contrast to thoracic
breathing in adults. In addition to the above differences, infants
mani fest a wide variability in their response even in the contro
or no stimulus conditions. Therefore the above reasons, the res-
ponses in infants to stinmulation in not found to mani fest a spe-
cific type of response. Therefore while judging an infant's
response, one should bear in mnd the above nentioned factors.

It would be better to judge the response, by conparing the sub-
ject's own response at higher levels. This |essens msinterpre-

tation to sone extent, as the child will hinmself be his own control.

Environnent: plays a very inportant role in the determna-

tion of response. It has |ong been known that any novel sound will
result in startle response in a sudden change in the respiratory
pattern of the infant. Therefore, while naking respiratory neasure,
the surroundi ngs should be very quiet. This mnimses the erro-

neous interpretation of response atleast to sone extent.
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Know edge pf task: Jones and Martin (1977) investigated the

effects of listener sophistication on respiratory audionetry.

They selected to adults and t he knowl edge of the task, was pro-
vided, in variable degree* to these subjects. M significant

ef fect of know edge, on the response was noticed. Hetrick (1973)
had al so obtained simlar results in adults. But has and Hagberg
(1976) noticed a significant difference in the response in the

instructed and uninstructed college students. The instructed

group (pave nore responses than the uninstructed group. The

reason for inprovenent was, on instruction, the voluntary contro
on the breathing pattern increased. The discrepancy between his
study and Jone and Martin's (1977) have been expl ained as due to
the large inter Judge variability, subjective judgenents and few
responses analysis in Jones and Martin study, which resulted in

erroenous interpretation and results.

Ronsey etal (1964) and Hogan (1975) have al so reported an alte-
ration in the voluntary control of ANSwth attention is an inportant

factor in determnation of response. Ther ef ore know edge of task

| nproves response best results in habilitation of response.

Pre-stimulus state of the subject: E senberg (1965) has

stated that "the auditory behaviour of newborns is dependent
upon t he physiol ogical state of the subject, that is the |evel
of arousal. "According to him the nbost conducive state is that

of sleep. Afferent investigations have specified the state and
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time of testing which ia conducive for testing. Mny researchers
have recommended the recording during the post feeding stage of

sl eep. Canestrini (1913) consider |ight sleep to be ideal.

Heron and Jacobs (1968) opine that the sleep within one hour of
feeding as best. Bradford (1978) have al so reported, the rel axed
sleep after feeding as ideal state. Gerber and G lchrist (un-
publ i shed) have reported the sleep “2to 2 %post feeding as the
optimal state. Thus all the studies enphasize an inactive state/
state of sleep to be conducive for testing. This state is pre-
ferred to mnimze the influence of extraneous nuscle activity

on the recordings of response follow ng stinulation. Thus, always
the test should be commenced, only after ascertaining that the

child is asleep.

Interstimulus interval: Hetrick and Hartley (1973), Jones and

Martin (1977) have stressed the inportance of the interstimnulus
interval in the admnistration of respiratory audi ometry. Accord-
ing to them sufficient interval is to be provided to allow for
the respiration to go back to pre-stinmulation |evel after every
acoustic stinmulation. This is very inportant, for the correct

i dentification of response.

Having reviewed the influence of various variables on the
respiratory response, one can tentatively suggest sone conditi ns

whi ch are conducive for recording of reliable response. These are:

Stimuli: war bl e tones(Heron & Jacobs, 1967, 1968)

Envi r onnent : Sound treated rooni quiet roon(anbient noise)
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State of the child: Asl eep(regul ar respiration, eyes cl osed
and no novenent - Fiach (1967)
Age: M ni num 7 days old
Heron & Jacobs
Ti m ng: within an hour of feeding 1967, 1968.
Met hod: Ascending (Gl christ)

Handling & Positioning :should not disturb the child. dothing
shoul d al so be conducive for testing

(Haron & Jacobs, 1967, 1968)

Duration of presentation: 2 - 8 secs. (Qlchrist)

Thus the above conditions have been clained to be the
optimal conditions for the recording of reliable responses. But
prior to adapting any technique as a clinical tool, its reliabi-
lity and validity should be investigated. The reliability and
validity of respiratory audionetry has been investigated (Heron
and Jacobs, 1968; Kankkunen and Li den, 1977 and ot hers.).
Kankkunen and Liden (1977) observed that the respiratory audio-
netry identified 100%of their jats with normal hearing and in
67%of the subjects the threshold was within 15 dB of conven-
tional threshold. Gaus and Hagberg (1978) al so observed t hat
respiratory audiometry was successful in 92%of infant subjects.
The correl ation between this threshold and behavioural threshold
was found to be high. Therealibiality of response was reported

to be good even at lowintensities. Therefore fromthis it can

be concluded that the reliability and validity of this audio-

netry i s good.
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Having established the reliability and validity of
this procedure, the next atep is to evaluate ita value as a
clinical tool in testing children. This can be done by

wei ghi ng t he advant ages and di sadvant ages of this techni que.

The advantages of Brain Stem Evoked Response Audi o-

nmetry are:

1. The admnistration of the technique and the
interpretation of the response is easy;

2. The instructions are sinple and therefore
any subject can easily followit;

3. Sedation is not required for ita admnistra-
tion;
4. The response curves are nore nmarked at the

t hreshol d; and

5. Not rmuch of preparation is required.

The only drawback is, it has limted application for
thedifficult to test popul ati on, because of the effects of
sedatives admnistered to these children. But this technique
can be still used for testing popul ation, by accounting for
the effects of sedatives on the response. Therefore, respi-
ratory audiometry can be considered to have a potential val ue

in neonatal and infant testing progranmes.

Sumary:

Respiratory audionetry is an autonom c nervous system

neasure. This nmeasure is adopted by an audi ol ogi st to assess
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the hearing sensitivity of mainly neonates and infants.
Inspite of the variability of response observed fromone to
anot her, sone regularity in the response to stimulation can
be established. Thus by conparing the respiratory curves
prior to and after stinulation, one can estinmate the hearing
sensitivity of the child. This neasure, as an index of
heari ng has been found to be quite rated and reliable, and
therefore, this can be adopted aa part of clinical evalua-

tion procedures for children.



CHAPTER 10

CARADI AC AUDI OMETRY/ ELECTROCARDI OGRAI HY

Hectro cardiography is the measurenment of the
el ectrical changes resulting fromthe contractions of
the heart. A neasure of there changes consequent to

acoustic stimulation;

The physi ol ogi cal precedes underling cardi ography
are as follows: Prior to each contraction of the heart,
electrical inpulses are initiated. Thsee inpul ses as
they traverse though the nuscles of the heart, set up
electric absents which spreads to the tissues surrounding
the heart. A part of this electric current reaches the
skin of the body. This can be picked up by placing the
el ectrodes an either side of the heart; By feeding this
to an cardiofarhoneter, a training of +he electrical changes
in the heart can be obtained. This traiaing is teraced
as the "H ectrocardi ogrant. The above procedure is repeated
on presensation of an acoustic stinmulus. The cardiogram
obtained is conpared with the stinmulus cardiogram An
estimate of the auditory sensitivity is arrived at, by
noting the variations in the two traceing with reference

to certain paraneters or neasures.

The cardiac nmesures that are nmanifested to predict
the index of audition are: Absolute heart rate, change in

the heart r&e and the internal between the heart beats.
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The nmost commonly need neasure is the changes in the
heart rate on aconstic stinulation (cited in Northern

and Dozl on 1974).

The chances in the heart rate, on Presentation of
stimuls is quite a Rel-known fact. Though this phenomenon
was known; body had got the idea of using such a response
in the assessnent of auditory sensitivity. The initial
efforts of nonitoring cardiac responses to sound stimulation
was by Santag and Richards (1936). They actually adopted
this Measure in the exam nation of the hearing of human
fcetuses. Following this | ead, a nunber of inverstigations
were done in the usage of such a neasure in audiol ogic
evaluation. But all there studies wer on human foetuses.
Oly in late 1950's was the splication of this neasure to
neonat es and ol der group was probed. A nunber of studies
experinments were conducted which showed that the cardiac
nmeasures could he enyl oyed, for the audi ol ogical eval uation
of children. The firrt person to use it ir; children was
Men' ar gi a. . He tested normal hearing and deaf subjects.
He did not observe any change in heart rate on stinulation,
the deaf but did so in normal hearrings. Therefore he
recommrended the inclusion of cardiac neasures in the
battery of tests for children, This study stinulated

extensive research, to examne the applicability of cardiac

neasure in the evaluation of the auditory sensitivity of

chi |l dren.
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Pr ocedur e:

The basic requirenments to nmeasure the changes in

heart rate to stimulationare; a stinules generator, an

anplifier and a loud speaker, to present the stinmule

for recording the response a cardictacheneter in required.

The stitaules generator, nust commonly Wsed is an
calibrated audioneter. This is connected to a nmarble
tone adapter which nod |ates the tones, 5% of thebasic
frequency at the rate of 6/seconds. The output from the
audi oneter is fed to an anplifier and to a |loud speaker.
The a plifier is provided with a swtch to control the
onset and offset of the tone, and to trigger the event
records. The speaker is nmounted on a cabi net which in
I's accounted on a sta dard franme. This frane provides
for the adjustrment of height ard angle. The position of
the speaker is fixed pointing downwards at approxinately

one neter above the subject's head.

The cardiotecheMeter is a beat to beat Measuring
device, which te triggered by the Rwnave(prom nent defl ec-
tion in the cardiogran) of the subject under test. The
tine interval s between the successive R waves is continously
measured und con ected into instanstaneous rates. This
conversion is done by determning the reciprocal of the

rates ( 1/t) and recording the resulting valves on a
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cal i heated scale, as "N XIE" read outs of instantaneous

heart rates.

Once the instrument is set to the required standards

the subject is brought into the list situation. The

subject is firstly prepared for the application of elec-
trode by massing the inner surface of the wists wth

el ectro cardiographic solution. After this, the electrodes
are attached to the units by neans of electroplast tapes.
these tapes further taped at aproximately 1" above

the wist to mnimeze novenent actifacts. Sone prefer
to place, the electrodes in the area beneath the elavicles
to avoid the interference of heard motion. Placement

or the leg is advocated by soe to mnimze the noise

in the signal due to electrical interference. As no
consesus has been reached regarding the placement of

el ctrodes, the choice is left to the tester. Helshe
shoul d select an area, where the responses are mnorally

i nfluenced by the different kinds of artifacts.

Sometimes to reudce the artifacts resulting, from

gress muscular activity and desctration in recording, the

infant is smaddl ed (Ref). To reduce the novements of the
infants. A pacifying solution is admnisterted. This

solution is a corn syrup searked, ganze ped del ected with
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wat er . Once the in ant ia made to tie quitely, he
is placed in a stabilinmeter. Then the el ectrode
| eadwi ces are coupled to a cable going to the tachoneter

by neans of a connector nounted on a perforated

al um ni um shi el d.

At a preanplifier gain of 0.5/cm an EEG readi ng
is taken to estimate the basic heart rate of the subject.

This is led the a cardi otechometer, to obtain a due of

readi ng of heart rate.

An adui ti onal component, that is an averagi ng di gital
conputer inproves the efficiency of the recording
system The conputer averages the tinme | ocked responses,

and stores them The Streeing of data, aid in the statistica
analysis and in the time display of primary heart rate data.
Response:

The el ectrocardi ogram reveal s a nunber of deflections

which are refered to as PPQR S and T waves (Ref).

Among these Waves, the R wave appears as a prom nent peak.
The time in ervals between the scucessive R waves i s connected

into heart rate neasures. Thus the existence of a response

is based on these Rwe tine in ervals.
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The exiteria for the presence of response i s, 1. that the

distribution of heart rates during sone sanple of time

subsequent to stimules onset should difer fromthe pre
stinmules condition. 2. The diferences between the
conditions should be significant in degree or in kind
fromdifferences that characterise the contigeons as a

stimules conditions (dted in Sisenberg 1976).

The response expected in normal infants is a shift
in the epoch of the post stinmulus condition oy an interna
of 5-6beats, fromthe pre stimilea condition. Mstly
the response is of decelerative tyre of considerable
magni tude with a peak latency of 6 seconds or nore(cited
in B senberg 1976) depicting a nornal dicel eratine response
in infants. An initial decelerative followed by an

accel arative response (Suzuki 1978) in infants.



fe_rcar\ h:.alt_

10.7

|
6o T
==
At~ Shrmu Tue ‘""'7('\\
Onsel e\
s Pedoe Stimulus Onger
Za A o
" — 5 ;
% gl t : ‘
° ¥ L) 15t i : '

. g,eg‘ﬂﬂa{'t‘\fﬂ Qt&ruﬂ‘k? '

s Decelanative Qes,m:g



10. 8

A typical response is not obtainable always because of
the influence of a nunber of factors, such as (i) stinmulus
variables (2) response variables (3) anal ysis vari abl es

and (4) M scel | aneous.

Stinmul ees vari abl es:

The three nmai n aspects of the stimulus which has a
bearing on the re3ponse; spectrum of the signal; sound

pressure and decration of the signal.

The spectrumof the signal refers to the spectral

characterstics, mainly to the frequency characteristics

of the signal. Based on the spectral charaterstics, the

signal can be classified into the follow ng types;

pure tone, beoad bound noi se and speech.

Pure tone had been used in nost of the carlice
studies (Butterfield 1962) Beadle and Oowell 1962,
Bartoshuk 1964 and Jasienka 1967). But sone of |ater
studi es proposed the use of land |linuted noi 3es instead
of pure tones. The contention for supplnmenting beoad
band noise was that the sensitivenes of the auditory

systemis dependent upon the signal energy, which is
nore in board band noise signals than in pure tones

(Schul man and Kreiter 1970).
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Turkewitz et.al (1972) have al so opi ned that pure tones

alone are inefficient and these in conbination with other
tones, at the sanme intensity would be nare efficient.

Thus according to thes€ studies pure tones are considered

| eas sensitive conpared to broad band noises in testing

chi l dren.

An experinent conducted by Gerber, Milar and Surain

(1976) in neonates revealed for tracy to the above findings
The spectrumof the signal was found to have no effect on
the response, as no differences were observed between the
effectiveness of narrow band noi se and pure tones. Thus
the superiority of one stimule over the other has not

been confirned. Present day studies have nmade use of

both stinmuli.

The other tupe of stimule which is clained to be nore
sensitive conpared to pure tones and broad band noise is
speech, E senberg et.al (1974 a) studied the response to

synthetic vowel /ah/ in infants 10-25 days old. They

observed a long |atency decel eration on stinulation. This

response was seen to occur irrespective of the age of the
infant and the state of acousal. Many others have the

charactereristic declarative response to this stimuli wth
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ashift in the peak by 5 to 3 beuts, but not to pure tones
or noi sebands(E senberg et.al 1975 a, 1975 b) . Thus they
have concluded that cordial declerative response is a
special fun tional property of speech |ike stimli,that

Is conplex stimuli. This synthetic speech stinuli were
found to be useful in differential diagnosis as well.

E senberg et.al (1974) study in nornals and high risk infants
reveal ed a systenatic decline in heart rate over trails

in high risk infants but not in normals. Tney also
observed lees variability in normals conpared to high risk
infants. This stimuli is also clained to be present in the

repectoi ne of infants(E senb€rg et.al 1974).

Fromthe data available on the relative effectiveness
of diferent types of stimuli, speech stimuli seens to be
nore efective than others. But nore data is desirabl e

bef ore any concl usi ons can be drawn.

Sound pressure |evel of the signal:

Intensity of the signal has been claimed to have a
significan effect on cardial response(Ref). The efect
of intensity on response is two fold:- (a) It brings about
a change in the magnitude of response and (b)it brings

about a change in the pattern of response.
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The change in the magnitude of response as a function
of intensity in children has been reported by many invest-
| gators (Bartoshuck 1964, Gahamand Aifton 1966 Steinb
cheider and R chnond 1966). Leaman and Wegner 1956 have al so
reported an increase in the detectibility of response with

an incease inintensity.

Contrary to the above findings have been reported by
Barnet and Goodwi n (1967), Davis, Buchwal d and Frankaran
(1955). They report of an obsence of significant co-re-
| ati on between response magnitude and signal |evel.

Ei senberg, Marmaron and G onachino (1974) have consi der

the cardial response to be an Al or none phenonenon.

They did not observe any efect of intensity on response
magnitude in iniants(cited in Gerber et.al 1977). Gerber
et.al (1977) in their study in infants.

Thus najority of the studies report an absence of
significant co-relation between the response magnitude

and stimulus intensity.

The influence of intensity on the pattern of response
has been reported by Zeaman and Wegner (1956) and Huatrow
(1962). They have reported of an increase in the initial
decel erative and secondary anel erative response with an

increase inintensity. As not nmany studi es have been
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reported in relation to the effect of intensity on
pattern of response, no conclusion can be drawn at this

st age.

The effect of intensity on the latency of the
response has been gi ven by sone investigators, Stelns-
chnei der, Lipton and R cnwood (1966) have reported a sys-
tematic shortening of latency with increasing intensity

of the signal.

By conbining all the data avail able, one can refer
that intensity of the signal has an influence on atleast

sone aspects of response.

Duration of the signal:

The general observation is a variation in the signa
energy as a function of the stinulus duration. Wether
avariation in the response also occurs as a function of
duration of signal,still remains debated. |In the
literature one cones across studies which suport and
rej ect the hypothesis, that duration has a significant

effect on the response (Ref).

difton, Gahamand Hatton (1968) has opine that
the duration a significant influence on the response.

They report the optinmal duration to be a 10 seconds signal

in conparisonto 2, 16, 18 and 30 seconds signal durations.
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Schateran et.al (1971) reconmened 3 seconds clicks as
optimal, where as schachte et.al (1971) propose the use
of 0.3 miseconds clicks. Though all the studies agree
that, the duration has an effect on intensity, there
exists difference of opinion regarding the optical

duration of the signal.

In contrast to the above studies, several investi-
gators have reported of an absence of a significant co-
rel ati on between stimulus duration and response.
Tunkemtz et.al (1377) observed that different durations
of stimulus, like 1, 2, 4 and 3 seconds did not result
in a different effect on the heart rate in infants.

Der ber, Mil ac anc Sumaen (1976) have al so reported of
simlar results ininfants. Gerber et.al (1977) in their

series of experinents in neonates, did not observe any

effect of stinulus deration on the response.

Hence again the data available is equivocal, therefore,
no clear cut conclusion can be drawn regarding the

i nfluence of duration of response.

In general, fromthe presently avail able data on
the influence of several stinmulus variables onthe

response in children, one caninfect that tine aspects.



10. 14

of the stimulus seens to have a significant effect upon
the response, but nore research is needed to make any po-

sitive statenents.

Response Vari abl es:

Three types of response occur subsequent to the
stinmulation of the auditory system of nechates and infants.
these are; (a) an initial decelerative response followed
by an accel erative response (b) a decclerative response

(c) an arcelerative response (Schachter et.al (1971).

Anong the above three types of response, the probability
of occurence cf aryone or a ccnbination of themis
dependent upon the age of the subject, the duration of

analysis and the pre stinmulus state of the subject.

I n neonates, one fails to obtain a consistent or
specific pattern of response(Beadle and Gowel |l (1962)
Grbe , Mular and Surain (1976) and others). The
absence of the specific pattern of response have been
attributed to an inherent lack of patterning in neonata
heart beats (Beadle and Qowell 1962). Another expla-
nation given for such a lack cf specificity of response
has been on the physiol ogi cal process in neonates.
According to this view, the heart rate of the neonates

under goes bot h physi ol ogi cal and nor phel ogi cal changes
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due to the cardio circulatory transition from utero

to exteautesive existence. During this period of

transition, the regulation of the heart rate is not

under the voluntary control and is al so i mmature conpared
to the adult's regulatory system This lack cf regu-

| ati on considered responsible for the vicasious response
seen in neonates on auditory stimulation. Ferrer(1977)
has al so reported of ucide fluctuations in the heart rate
changes of about nore that 30 beats/mnute in neonates.
this observation of Ferrer(1977) supports the physiol ogi cal
explanation given for the lack of specificity in the

response of neonates to acconstic stimulus. Thus all

t hese studies point to the idiosyueracy of the neonates
response, and recomrended agai nst the use cf changes in

the pattern of waveformas an index of response on sti -

nmul ati on. Therefore, while testing neonates, the response
shoul d be judged on the basis of the variation in the

nmagni tude of the response followi ng auditory stimulation.
Therefore the type ofwaveformas an index of response is
of littleval uewhileeval uatingtheresponses of neonates to
aconstic stimulation. But as age advances the regul ati on

of the heart rate inproves.
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Therefore the patern or the waveform of the cardi ogram

can becones nore regularised and will thereafter nanifest

speci fic changes on stimulation. Thus in infants, a
specific type of response can be elicited on auditory

stimulation. Mst of the studies have reported of a
decel erative response on stinulating the auditory system
(Sechulmao and wade (1970, Qifittes and E aenberg (1974),
Gerber, Milac and Latp. (1977) and Sazuki (1973). The
decel ecati ve response seen in these subjects have been
attributed to an increase in the nazal inhibitory
activity which reduces the heart rate w thin 3nseconds
| at ency(Suzaki 1978), Gaham difton 1966, and Sokol or
1963), have attributed this response to the corti cal
aconsal of the subject, that is thia response is send

to be having an bearing on the alternative nechani sm

of the infant. On this basis one can easily reason out

t he absence of decel erative response in neonates, as in

the latter, the crienting systemw Il not have achi eved

matenity.

Therefore while inalercting theresponae of neonates,

change in the Magnitude of response follow ng stimulature

should be taken as an indication for the presnece of

response. But ininfants, the presence of a prom nent



10. 17

decel erati on should be taken to indication for the

presence of response.

Anal ysi s vari abl es:

As already nentioned, the period of analysis of
response follow ng stimulation effects the judgenent

of tne response. Therefore quite an extensive research
has been conducted to investlgate the optiml duration,

anal ysi s, but no consensus has been reached regarding
the optinel during for which the mmeasurenment should
be made. The period of analysis of resource has a
bearing on the pattern of response available. Two

school s of thought are preval ant as regards the choice
of the technique for the analysis of response. One

pr oposes to inititue the nmeasurenent prior to stimlus
onset where as the othr propose the neasurenent to

begin after onset of stinulus.

The proponents of the pre stinulus mesurenent
are schafter et.ai 1970, Cdifton and his accoci ates
(1963, 1969) and lewis 1971. The contracati on/stand

for advocating the prestinnm us neasurenent is, that

t he judgenment of presence of response is based on
the changes in response fromthe prestinmlus |evel.
Theref ore, the neasurenent prior to stimulus onset

provides the reference. Though all the investigators
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propose the neasurenent to begin prior to stimulus onset,
the period given be each difers. Shaftcrtiga (1976)has
recoomended to start neasurenent - 3 seconds prior to
onset. Lews (1971) has recommended to commence neasur enent
3 heart treats prior to onset, where as difton and his

associ ates (1963, 1969) have suggested 1 second prior to

onset. Thus there exists a |ack of agreement regarding the

period of measurenent.

Sone prefer the poststinulus mneasurenent. Even

here there is no consensus regarding the duration for which
the neasurenent should be nade. Beadle ana G owel (1962)
to Measure inmmmedi ately after the onset cf stinulus. Qifton
and his asociates (1968, 1969) for 30 seconds after the
onset cf stimulus. (Schulman and Krtity (131l) have advi sed
16. 6 seconds past stinulus, schulnman et.al (1974) has

advi sed to begin the neasurenent at stinulus onset. Thus
one panrot predict an optinmal duration of neasurenent from

the data available presently. Mre systenatic studies
are required to nmake such a prediction.

The duration of measurenent has been reported to have
a significant effect on the magni tude of response and the
pattern of response. Bartoshuck (1962 a.b) difton and

Meyers (1969) have reported of an increase in the response
as a function tine from2 to 6 seconds follow ng onset in

neonat es.
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The changes in the pattern of response with a variation

I n post stimulus duration has been given by Gahag et.a
(1363), Gesber (1973) and Val i naWp (1970), GahamBt. al
(1963) aave reported, that nither 1 second after onset,

the acceleration starts which reaches peak by 4 seconds

and then decreases-Val naki (1970) has observed a bi phasic
psendo response when the period of neasurenent is for

along tine. Conversely if it is for a very short tine

then only a neonophasic response is obtained. Gerber(l973)

considers 15 beats after stimulus onset as the opti nal
period of neasurenent. The variation of response as a

function of post stimulus tinme interval is given in Figure(

As there is no standard period of neasurenent specified
in the literature, one would do well a select an internal

cohere in the response significantly differs from the

pre stimulus condition.
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M scel | aneous vari abl es:

The two nmain paraneters that will be taken up for
di scussion will be the influence of prestimulus |eve

and respiration on the cardi ac response to stimulation.

The prestimulus | evel is soldto have asignificant
I nfl uence on the response. Wl ders (1950) has given the
tolaw of initial, valves which enphasis inportance

of prestimulos level. The law states that "the relative

| evel of autonomc function:previous to stimulation of

a perceptual system affects any response that an auto-
nomc nechani sm may denonstrate foll ow ng such stium
lation". lacey(l956) Bridger und Rei see (1953) have
reported of a decrease in the chance of heart rate with

an increase in the prestinulute |evel Gerber, Kulac and
Surain (1976) have al so agreed that pre stium us has a
significant effect on the response in their study on

I nfant s.

The effect of prestimulus |level on response has
been agreed upon quite unequivocally. Therefore to
counteract the influence, an anal ysis of covariance

has been suggest ed.

The effect of respiration on cardiac responoe has
been reported way back in Zoneff et al. (1902) and by
Billing and Shepard(l910). Howaell et al. (193l) have
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reported of an accel eration of heart rate during ins-
piration and a deceleration during expiration. Gerber

Mil ac and Swain (1976) conducted an experinent to study
the effects of respiration on response ininfants, 1

to 10 nonths ol d. A narrow band noi se was presented under
three condition a of respiration that i s, peak of inhal a-

tions peak of exhalation, are randomy with respect to

respiratory cycle. They observed a nonophasi c decel erative
response in the first condition. 1In the second a nono-
phaai c and slightly accelerative response was obtai ned
where as in the thivd condition a bi phasic response wth
slight deceleration followed by an aocel erative response
was observed. Al these studies draw one's attention

to the effect of respiration on the cardiac response.

I n general one can coaclude that the cardiac response

to acoustic stimulation may vary w ththe spectrum of signal,

sound presence and deration af signal, period of neasurenent,

prestimulus level and respiration. Therefore while judging
the response one should be aware of these paraneters

acting on the response to nake a correct judgerent .

The advantages of cardiac audionetry are (a) This

requires only a standard, commercially built apparatus |ike
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an audi onet er, el ectrocardi ograph, (b) Does not enpl oy
any kind of intense or noxious stimuli, (c) No treecing

needed for the subject (a) Adaptation is m ninal,

(e) Hard to disguise or suppress by voluntary neans.
Therefore aids in diagonis of funcational |oss.(f)
The probabilities of false postive response i s considered

to be less(Schulman et al (1970 «cited in Gerber et al.

1976) (g) has teen found to be useful to list all agrees

from neonates to crelulte.

The limtation of this are few Oneis |arge varia-
bility is seen between subjects especially in neonates.
Secondal y the response to susceptible to vary with the
I nfl uence of a nunber of factors (listed previously)
Therefore unl ess one controls all these vari abl es, one

woul d be liable to make wong interpretations.



CHAPTER 11

SPECI AL TESTS FOR DI FFERENTI AL DI AGNOSI'S OF
AUDI TORY | MPAI RVENTS

For the differential diagnosis, a number of |ists, have
been devel oped like ABIB, SISI, Brief tone audiometry, M& | etc.
But the nornms have been devel oped for the adlt popul ation and
therefore its validity in children should be checked. Sone have
recomended the use of these lists in childern also (LIoyd 1966;
Fow er 1963; Acfreese and Stank 1977; Rentleman and Howford 1963;
PriceandFlachl 963). Some of these lists are nodified to be
applied to young and difficult to test population. The nodifi-

cations are made along the followng |ine.

1. Sinplify the vocabulary and the coaplexity of the

i nstruction,

Mdify tha |ist procedure,

Change tha type of response, the patient nust nake,
To provide supplementary training,

Repeat ation of test neasures,

Raduce the dipgnostic significence of the test if
nodi fi cations are rnade

© 0T~ w

The diagnostic tests useful for detecting cochles, retro-
cochlea and central auditcry disorders in children will be

di scusaed.

Cochl ear assessnent:
The tests which have been devel oped for this are ABIB, SISl
brief tone audiometry etc. For ratrccechlear |oss detection,

Bakely, tone decary etc. pre enployed.
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First the cochlear teste will be taken up far di scussion,

these are nanely SISI, ABIB and a brief tone audionetry.

Short increnent sensitivity india

The mai n proponent of SISl pre K Jeeger, shedd and
Harford 1959). In this teat, the test frequencies ia cho-
aen pnd than the 1%i ncrenment are superinposed on the con-
tinuous tone. The presentation |evel of the tone is 20dBHL
initially. Then they pre decreased first in 5dBHL steps, then
| ower and easier. The nunber of correct identification of
i ncrenents pre conputed. According to Jeeper et al 1959
SI SI was a device of the cochlear inpairment, but according
to the nodification by young and habbits. This is test of
retrocochl ephesion. The norns given by the latter pre:
70-90dBSL to the cochlea can discrimnations. 1%increnents
their ccchlear functioning said to be nornal.

SI SI has been advocated for use in children (Deffness and
Stark 1971, Spreen 1973, and Mai ki des)

Screen 1973 tested children of 5 to 13 years of age with

a 4KHz tone and did not obtain, any failures but the Value
obt ai ned was hi gher, so they recommended to use the 0-30%

(negative) creteria for children.

Deffeese and Stark 1977 admnisterad SISl to children
of 5 to 7 years and 8 to 10 years of age. Their results
showed greater failure in the younger age group. In

the ol der age group 72%success was achi eved. Therefore
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They concluded that SISI was useful in childern ol der
than 7 years of age. The criteria used was the same as
in adults, that is 0-30% scores for nornal.

Ful ton and Lloyd (1975) have recomended to intro-
duce large inrenents to check on and conbat in altertive-
ness after training with large increnments, several tuals
were given with 1 db increment. Another way is to have a
large  increment which shakes or weakens the individual
and then conditoning wthlower increments later with
control tuals. This has been suggested for the ol der
children and adults.

Ful ton and Lloyd (1968) Fultn and Lloyd Sprectbin
1968 have recommended the use of operant tracing proce-
dure with childern while admnistering SISI. In SISl
the child is trained to differentiate between nosie plus
continous (pedestal tone) and nosise plus contious tone 5 dB
increnent initially and later on with 1dB increnment candy
I's provided as reinforcenent for corrrect response. To
avoi d habituation the conditiong can be done with another
moditity. Alight blub with an appropriate alteration
can be used with for a visual SISl or to use. SIS
slips of varying sizez fro large to no slip to be used
as this stimulate the auditory SISl scroes. The Fig.........
i lIlustrates the Viksal SISl test for young childern and
difficult to test population. The instruction to the
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children are point to tha step (orbox) in these pictures,

if there ia one.

(‘{’vu\wt’iaj; Dol v g .wa:af ERASE
Contesy; Pulton and Lloyd (1975) one other nodification
Is to use 75dBH. to conpare perfornmance between the two
ears (Thonpson 1963). This is to nake the listening task

easier and to naintain the attention.

Ful ton end Ll oyd (1975) adm nistered SISI to nentally,
retorded. The results were not diagnostically significant
but study showed that even severely raferred childern could

the teaned to carry out the SISl task.

Thus using operant pradigan SIS list can be admnis-

tered to childern as well as difficult to |ist popul ation.

ALTERNATE LOUDNESS BALANCE LI ST

Londaci e bal ance | i st was first gi ven by Fowl er 1936
as a neasur e of cochel ear pat hol ogy. Fow er (1936) reported

that even childern could be listed with this procedure.
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that even children could be listed with this procedure.
In BIB, that the listner has to indicate whether the tone
I's both the ears are equal in |oudness or not (Jeeger and
Harford1961).

usual |y words |ike alternating | oudness, tone freqae-
ncies etc are used when giving instructions. But this voca-
bulary and the need to make differential response will not
be understood by children and difficult to |ist population.
Thus to admnister this test to children, the clinicianwl|
have to nodify his vocablulary and | anguage and rely heavily
on gestures and denonstration. Pentmme instructions
al so be useful in making childern understand the task

Repetations and rephasings of instruction ia needed.

Ful ton and Ll oyd have recomended the follow ng steps
to be foll owed: -
1. should start with gross intensity difference
2. should have the child identify the |oader one,
3. should gradual |y decrease the |evel of the tone,
4. should establish test testt reliability,
5

ahoul d start with high frequency tones aa, they
are nore effecting and therefore better bal anced
by children. According to Fulton and LI oyd,
enphasi s shoul d be placed on the fraquencices
AKHz to 6KHz as this shows the cochl ear pat ho-
logy even in the prescribe of retrococal ear
pat hol ogy.
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6. If the child finds difficulty in indicating
then visual ears can bo provided, like two pictures
protraying different | oudness |evel can be
provided to nake the task easier.

Eg: On one card can pictures a |l arge expl odi ng
firecracaker and on the other card a smaller are-
this is for the unequal conditions. Wen they
are equal, then two cards of same size cracker
expl ode can be pl epi ct ed.

Another method is to use snall waeights and train there.
| ater transfer this tracing to the |oudness problem Thus by

enpl oying these nodifications the ABLB list can be reliably
adm ni stered to childern. One posture point, towards the
applicability of this list to children and difficult to |ist
I's this does not depend upon the accuracy of nmeasurenent of
threshold. Thus a 20dB admnistration of the threshold w ||

act affect the outcone of the ABLB test.

BRI EF TONE AUDI QVETRY( BTA) :

BTA neasures the diffennces in threshol d anong short
tones and aids in the indentification of vaci one pathol ogi es

of the auditory system

In BTAthe threshold for 500, 200, 100, 50 and 20,
| On seconds tones at a single frequency is trucked at an
alternation rate of 2.5dB/seconds over successive/mn
intervals. Al tones are presented at a repetation rate of

|/sec with a rise-fall tine of | Gsecond.
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From BTA trackings, the threshold is enstimted for
each durng tone fromthe mdpoints of the tracng . The
instruction to the subject is as soon as be hears some tones
he is to push down the response button, and when he no
| onger hears the tone, the button nust be realesed. He is
also told that the tone may becone shorter and shorter but
ha has to continue to respond in the sanme way.

The results of BTAin differant pathologies is in
normal s, ccnducture and retrocochl ear | 0oss cases the di-
fference between the threshold for 500 mseconds pn6 20m seconds
I's around 8dB where as in cochlear |oss cases it is around
3dB, Thus this aids in differentiating various pathol ogi cal

condi tions.

Barry and Larson (1974) enpl oyed BTAinnornal and
deaf school age children of age ranging from6 to 14 years.
The deaf childern presented a distrinctly different pattern
fromthat of normal childern at 500 Hz. The results of deaf
children was simlar to that of cochlar |oss cases. Thus
this shows that BTA may be enployed in childern also for
difficultally diagnosing various pathological conditions.

TONE DECAY:

Tone decay ia a synptom associated with retrocochear

| esion, tone decay may occur at threshold or at supatthreshold
| evel s. "Threshold tone decay may be defined as the decrease
in threshold sensitivity resulting fromthe presence of a
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barl ey aui bl e sound". Sypathreshold tone decay nay be
defined as "a decrease in theshold resulting froma sound
wel | above threshol d(Geen 1978). different procedure have
been given for the admnistration of tone decay test (Hood
1956; Rosenberg 1958; G eene 1960 Onens 1965 ; O sen and

Not t si nger 1974; Jarger 1975).

Ful ton and Waryas 1974 nodified the owens tone decay

test to make it applicable for mentally retarded. The owens

tone decay test is as fol |l ows:

The tone iapresented at 20dBHL for that frequency for

1 whole mn. If the aubject ia instructed to keep his
finger up, as lon as be hears the tone. If before the

|f before the conpletion of 1 mn. the subjects drops

hia finger. there a 20 sec rest period ia provided and
the listing started at 5dB above the presentation |evel
Tone decay upto 20dBSL i s neasured and dependi ng upon

the rate and anmount of decay different types aredescribed
type | and Il are considered characaterstic of

di sease. Type Il characaterstic of 8t nerve |ecion

The ownes nethod has been considered best suited for nentally
ratardeds as the list period for any one signal does not exceed
1 mn. This meeuces in attention and thereby aids in nain-
taining the attention through out the Iist admnistration
This test provides,both intensity and duration informtion
which is a further clue to differential diagnosis.
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Fulton and Waryas (1974) trained the nmentally re-
tardeds to respond. Wen the tone iks on and when the tone is
limted off. Signals were then presented at 15,30, 45, dBSL
for 20,40, 60seconds in a counterbal anced order at each of the
frequenci es, 500, 4000 and 8000 Hz. This procedure was found
tobe successful with nentally retarded. Therefore one can infer
that normal children can be tested for tone decay using Fulton
and Wary ps (1974).

Bekesy Audi onetry:

Bekesy audiometry is an automatic technique which
aids in threshold determnnation as well as in differential
diagnosis. This conprises of a beat frequency oscillation with
a frequency range of 100 to 10,000 Hz with the provision for
full sweep across all frequencies or to list at specific fre-
quenci es. Depending upon the procedure used, it is called
sweep frequency or fixed requencying tracing. Two types
of list signals are provided, one is continous tone and the
other ia a interrupted tone. The other provision is the
frequencies may be presented either in an ascending or dea-
ceding order. The tone is interrupted at a rate of 2.5/ sec
with ab50%duty cycle. An inatantly revisible notor
drivecontrolled by the patient's hand switch is geared to
alternate the signal at the rate of 2.5 dB/sec or 5dB/ sec.
total intenaity of the audiometer is approxinately 120dB.

For masking bread hand and narrow hand noi se is audiabl e.
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A pen that is coupled to the alternator, traces and con-
tinous recording of the subjects response on a specially
prepared graph, which is placed on a nounting table

(Hughes and Johnson 1978)

The interpretation of the result is based on the re-

| ation between continous and interreupted tracings. Thus
on the basis of tha relation between the two tracings, Jarger
1970, has deacribed 5 types of bekesy tracings. Type | is
associated with normals and conducture - Type |l ia associ-
ated with cochl ear pathology Type 1l and IV with retrocochl ear
pathol ogy and type V with functional | oss.

In type | tracin, the two tracings develop. In type

Il the continous tracings drops frominterrupted tracing at
the region of 1KHz and nerves parallel.across other freque-
ncies, In type Ill, the continous tracing executes a rapid
and marked decture in threshold sensitiviy. The contious
tracing drops to the output limts of the audioneter within
1KHz region. Type IV the continous tracing declines from
interrupted tracings but is not so rapid as in type Ill and
neither will it reach the output limts of audioneter,
instead maintains the initial differnece between the two
tracings across all tha frequencies. Type V tracing in this
the continous tracing would be better than the interrupted
tracings.

The tracings given above were established in the adult



.11

popul ation. Therefor emany investigatnions were carried
out to check the application of Bekesy audiometry in
childern (Rintelmann and Harford 1963, kprice and Fal ch
1963, Stark 1965, and Peterson 1963 ; Swi sher and
Stephana 1968).

Ront el mann and Harford 1963 observed type V Bekeay

tracng in childern of age ranging from9 to 19 years

w th psendohypocusis. Peterson (1963) has al so reported
of type V in children within organic |oss of age rang-
ing from9 to 13 years.

Price and Fal ch 1963, Swi sher and Stephens 1968,
have reported of the applicability of Bekeay auionetry
in children.

Price and Falch 1963, found bakesy audi ometry to
be reliable in childern older than 7 years. They observed
anincrement in the response with age uptil 7 years but
after 7 years, no significant inprovenent was noticed.
Thus they concluded that Bekesy audiometry is applicable
to childern with normal intelligence and deonol ogi cal age
of 7 years. It may be applicable kto younger childern
with slight nodification Iike children found preesing
of button difficult, therefore in such cases by substi -
tuting the spring of the button the task was easier.
They have al so reported that hgihter the intelligence
better is the performance on bekeay audiometry. Price
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and Fal ch have stressed the inportance of nmaintaining
eye contact between lister and the subject to keep up

the notivation and attention of the child.

harfel ey, have reported that bekesy audiometry is

appl ciable for childern of 8 years of age of nore, and
Stark 1965, Seingethaler 1964, have observed conventiona

threshold tobe better than belesy audionetry by 10dB
in children.

Sai aher end Stephana 1968, *lao observed conven-
tional thieshoiaa tobe better thm bekeay thresholds in
children pge ranging from7 to*|5 ye*ra by 86B. They
h"ve reported of the typee of behaay trpcin*a conmonly,
aeen in children pa type i, Il, “nd they plao observed
p high correlation between bekeay and conventional padit
metric reaulta. lhua frompll these atudy reporta, one
can conclude thpt be&ay pudioaatry apy be reliably
enpl oyed to paaeaa the hairing function in children.
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