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INTRODUCTION

Speech may be defined as a form of oral communication
inwhich transformation of information takes place by means of speech
waves which are in the form of acoustic energy (Fant, 1960). Speech
is a fascinating human attribute that can be analysed, synthesized
and recognized. The human ear whichishighly sensitive and versatile
seems to be custom built for the purpose of detecting and analyzing

sounds.

The speech signals which are long spurts of acomplex and
constantly changing stream of sounds radiate from the speaker's lip,
travel in ar, impinge upon the eardrum of thelistener and reach the
higher cortical structures through middle and inner ears and the
auditory pathways. Almost from birth, an infant begins the process
of learning language which forms the basis for the other aspects of
development. An infant with adequate hearing will learn langauge
skills primarily through the auditory channel. Communication of
thoughts and ideas are essential for natural learning of language. Even
though communication can occur through pointing, writing and
gestures, speech isthe most often used way to communicate with the
immediate environment. The ability to communicate meaningfully
and to understand speech has been considered as an important factor

in differentiating humans from other forms of life (Sanders, 1982).

The onset of auditory impairment in an individual impedes the
ability to communicate meaningfully and to understand speech.

Therefore, it isthe foremost duty of an audiologist to identify, evaluate



and rehabilitate these aurally handicapped individuals. There are
several testswhich come handy to the audiol ogist to make an accurate
and effective diagnosis. Speech audiometry form an integral part of
these groups of tests.

Speech Audiometry - Its Relevance in Diagnostic and
Rehabilitative Audiology

One of the earliest documented literature of the use of
speech stimuli to evaluate the hearing ability of individuasis by Wolf
(1874). According to him "Human voice is the most perfect
conceivable measure of hearing"”. Until the turn of this century, speech
was considered as amajor assessment tool. L ater puretones, noises,
warble tones and many other stimuli were used to evaluate hearing
sensitivity. Bunch (1934) reported that puretones produce low
percentage of responses and are not as effective as speech. Assessment
of hearing using puretones provide information regarding the
sengitivity but not on thereceptive auditory ability (Elliot, 1963; Harris,
1965 and Marshall and Bacon, 1981).

Speech materias have become indespensibletoal inclinical
evaluation for various reasons. These include the following :
1. They have been used to confirm puretone thresholds.
2. A discrepancy in the threshold of hearing and the threshold of
intelligibility indicates functional hearing loss (Ventry, 1976).
3. Threshold of discomfort and comfort can be determined using
speech tests.
4.  Speech can be used to test difficult to test population.
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5.  Speech discrimination abilities are found to be disturbed itk
central auditory processing disorders, which are not manifested
in peripheral hearing loss, but can be found using a speech test
(Jerger and Jerger, 1974 and Jerger and Hayes, 1971). Higher
auditory function can be tested using filtered speech and time
compressed speech test (Boccaand Calero, 1963; Luterman,
Wesh and Merose, 1966; Beasly, Schwimmer and Rinteknann,
1972).

6. Speech materials are also used in hearing aid selection,
prescription and rehabilitation (Markides, 1977).

7. Speech can be used to evaluate the efficiency of various
rehabilitative procedures such as effects of auditory training.

8. Speech tests determine the form of rehabilitation, i.e. whether
the person should use ahearing aid or undergo cochlear implant
surgery.

9. They can also be used to determine training strategy to be used

with cochlear implantees.

Thus, speech stimuli act as aversatile stimuli and speech
audiometry can be considered to have amgjor role in both diagnostic

and rehabilitative audiology.

Need for Speech Identification Test in Tamil

Indiais amultilingual country with 15 officid languages
and 1652 dialects spoken across different cultures and geographical
boundaries (Manorama Year Book, 1996). Attempts todate on the

development of speech testsfor the I ndian popul ation includes speech
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testsin Hindi (Abrol, 1971); Madayalam (Mathew, 1996), Tamil
(Kapur, 1971 and Samuel, 1976), Bengali (Ghosh, 1988), English
for Indian children (Rout, 1996), Kannada (Hemalatha, 1981 &
Vandana, 1998). Most of these tests catered to adult population with
exception of Vandana's (1998) Rout's (1996) and Mathew's (1996)
and Hemalatha's (1981).

In the present trend of mechanistic, modern swift life, the
then Darwin's theory, survival of the fittest needs an amendment as
"Survival of the fastest”, implying, early identification is the need of
the hour. So it necessiates more and more tests to identify hearing-

impairment early in children.

Thus the present study aims to cater to the needs of Tamil
speaking children (Tamil is alanguage spoken by the native people

of the state of Tamilnadu, in south India. It is dso classified as a
Dravidian Language, Ramakrishnaet al. 1962).

Objectives of this Study

The am of this study is to develop a speech identification
test for Tamil speaking children in the age range of 3-6 years. The

test is phonemically balanced bisyllabic, closed set picture test using
apicture pointing task.

Thestudy also aimsin

a) Evaluating the effect of presentation level on speech identification
Scores.

b) Studying the effect of age of speech identification scores.
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c) Comparing the performance with the half and full lists.

d) Comparing the reliability between the half lists.

Implications of the study :

The present study helps in evaluating speech identification abilities
in children with hearing disorders.

Knowledge about the relationship between the presentation level and
speech identification scores and effect of age on speech identification
scores would be used to evaluate speech perceptual ability in children
and adults whose language age is low.

The same material could be used to evaluate individuals with
inadequate speech and mentally retarded individuals, provided their
receptive language age lies between 3-6 years.

The test material can be used to develop and central auditor}' tests for
Tamil speaking children such as dichotic monosyllabic tests or time
compressed speech tests filtered speech tests, binaural fusion tests,
etc.

It is hoped that, the developed test, would be useful in evaluating and
fitting of hearing aid for children whose language age is between 3-
6.6 years.

It can be used in the evaluation and rehabilitation of children with
cochlear implants.

Finally, this may stimulate the desire to probe deeper, to know more
and to develop and implement more speech identification tests in
other Indian languages in future.



REVIEW OF LITERATURE

Speech was used as test material for hearing assesment as
far back as two centuries ago. Ernand and Pereire in the middle of
18th century and Itard at the beginning of the 19th century used
speech to evaluate the effects of auditory training on their patient's

speech perceptual abilities (Urbant-Schitsch, \%95).

The characteristics of speech tests vary enormoudly in a
large number of dimensions such as content, presentation and response
modalities etc. When selecting a speech tests for some new purpose,
thereisabewildering array of tests from which to choose. The choice

may then depend on answering questions like :

Why are speech tests required ?

Should the test predict real life speech understanding?

Should the test compare two or more scores?

Should the test identify the specific phonemes the person cannot
hear?

Should the test find the maximum score or the speech threshold?

From questions like these, selection of a list of attributes
that the desired speech test should have, can be made. Selection of an
appropriate test would be easier if the audiologist had a knowledge
of all the available tests and their attributes. If no existing test comes
close enough to the testers requirements, then modification of an
existing test, or developing an entirely new one would be

recommended.
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Speech tests for children mainly evaluate a child's ability
to make correct phonemic classification usually on the basis of
acoustical information. Suchtests are commonly referred to as speech
articulation tests, speech intelligibility tests, speech discrimination
tests or speech recognition tests (Markides, 1978). These tests have
also been synonymously termed as speech identification tests.

The following section reviews attributes of speech tests
which must be considered when selecting a speech tests (especially
for children). The information is reviewed under the following
headings :

A. Attributes of Speech Test Material
B. Attributes of Test Recording and Presentation Methods and
C. Dependent attributes of Speech Tests.

A. Attributes of Speech Test Material
a) Redundancy and Context

Due to its redundant nature, speech is a highly efficient
means of communication, despite interferences and noise. This arises
from the superfluity of rulesin the system : phonological rules which
constrain the occurrence of phonemes to form words, syntactic rules
which govern the structure of sentences, and semantic rules which
restrict the co-occurrence of words in a sentence. The rules facilitate
speech reception by enabling the listener to make intelligent guesses

when part of the acoustic signal is masked or missing.
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The redundancy in speech can be exploited to construct
speech test materials which range from those with negligible
contextual information to those which contain all the redundancy
inherent to real speech. At one extreme are tests comprised of
nonsense syllables and sentences at the other end. The former have

the least redundancy by the latter are highly redundant.

Materia that is rich in contextual cues taps a subject's
knowledge of theworld, knowledge of thelanguage and the ability to
use contextual information to perceive speech, in addition to the
auditory ability to hear and process acoustic cues. Materials with
low redundancy and low context mainly tests the listener's ability to
perceive acoustic cues. Thisisanimportant consideration especially
when subjects may or may not have the requisite knowledge and

linguistic and cognitive abilities (Dillon and Ching, 1995).
b. Acoustic Context

The description of speech sounds could be done at two
different levels namely the acoustic level and phonetic level. Acoustic
level/analyses refers to the measurable properties of the speech
waveform, such as fundamental frequency or presence of random
excitation, formant-frequencies and amplitude . In phonetic
description, sounds are classfied into categories such as vowels,
consonants, stops, fricatives, glides and nasals (Plant and Spens,
1995).
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All phonetic contrasts are cued by a multiplicity of
Interacting acoustic cues. For eg. vowels are knownto vary interms
of formant frequencies, amplitudes durations intensity and vowel

quality difference (Plant and Spens, 1995).

The richness of acoustic context of the test item, on the
number of cues present in an item, is related firstly to the phonetic
context inwhich it ispresented and secondly to theway inwhichitis
recorded (Boothroyd, 1986). When the test materia is presented in
the same carrier phrase inwhich it was recorded, the co-articulation
effects in phonemes adjacent to the test item can help identify the
target (Lynn and Brotman, 1981). The enunciation of the speaker is
known to affect the relative difficulty of a test especially when
monosyllable were used (Lynn and Brotman, 1987).

Thus, in consideration with the above, it can be understood
that the 'acoustic context' and 'phonetic contexts' which may range
from phonetic contrast cues, enunciation of speech, recording to co-
articulatory effects influence the subject in identifying the target.
Hence a carful evaluation of these becomes very essential for

construction of speech identification tests.

c. Phonemic Balance

Phonemic balance is normally measured separately for
initial and final consonants, and is based only on the distribution of
phonemes in monosyllables in spoken language. As such it is

constrained by the phonological rules operating in the sound system,
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and is more aptly described as phonemic balance. A Phonemically
balanced list is one in which all phonemes are represented in the list
with the frequency of occurrence representative of everyday speech

(Denes, 1965; Mineset aL. 1978).

The rationale for using phonemically balanced test material
is that if the listener were unable to perceive a particular phoneme
which occurs infrequently in normal everyday speech, the handicap
experienced is not as severe as it would have been had the phoneme
been amore common one. But the relevance of precise fulfillment
of phonemic balance in speech test material to predicting
communicative difficulties in everyday life due to hearing loss is

questionable (Dillon and Ching, 1995).

Test material having a reasonable proportional
representation of the sounds that occur in everyday speech is said to
be phoneticaly balanced (Egan, 1948). The necessity of phonetic
bal ance has been questioned, and there is no agreement on this point.
Tobias (1964) indicated that phonetic balance is an interesting but
unnecessary component. Carhart (1965) stated that "in general, as
long as the tests items are meaningful monosyllables for the patients
and their phonetic distribution is appropriately diversified, one fifty

words compilation is relatively equivalent to another”.

d. Visual Context

There is growing appreciation of the crucial importance of

visual information to speech perception, not only in hearing aid users
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but also in normal listeners, especially under less idea listening
conditions (Summerfield, 1983). Information arisesfrom articulatory
movements, other paralinguistic information such as facial
expressions, sex, age, identity and attitude of the speaker is also
conveyed. Many of the consonantal ambiguitiesin auditory perception

can beresolved when visual cluesare available (Walden et al., 1990).

e. Word Familiarity

The familiarity of words, to the target subjects, will have
several effects on the difficulty of speech tests. First, if atest contains
a high proportion of relatively unfamiliar words, then the total score
will be lower than if more familiar words had been used. Second, if
word familiarity is, on the average, higher in one list thanin another,
then the equivalence of lists for difficulty will be adversely affected.
Third, within alist, the range of familiarity of words will affect the
range of difficulty of theitemswithin that list (Plant and Spens, 1995).

Words which are encountered more frequently in red life
tend to be recognized better in speech tests than words which are
not. The familiarity of a word obviously needs to be viewed in the
context of the people whom test is to be administered. Children who
have a profound hearing loss since birth will usually have a much
narrower vocabulary than normal hearing children of their own age.
Myklebust (1964) compared reading vocabulary of school age children
and reported higher scores for 9 year old hearing childrenthan for 15

year old hearing-impaired children.
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Owens (1961) reported "If the stimulusis familiar word, it
is likely to be prominent among those competing response and is
quiet likely to be chosen. On the other hand, if the stimulus has low
familiarity, it is unlikely to be among the competing responses’.
Schultz (1964) showed amarked tendency for highly familiar words
to be substituted for incorrectly identified words. Devargj' s (1983)
study on the effect of word familiarity on speech discrimination scores
carried out on Indian English speakers is a so in consonance with the
above studies. In generdl, it isrecommended that the test items should

be familiar to the target population.

f. Response set

Speech tests are often categorized as open response or
closed response. 1n open response format, the listener repeat verbally
or write down the sound or words that they thought they heard. In a
closed response format, listeners are presented with alist of responses
from which to choose. Tests with four to six response dternatives are

most common.

Miller et a. (1951) opined that as the size of the response
st increased, responding becomes more difficult for the subject and
scores decreased. It may be due to subject's short-term acoustic
memory.

The distinction between open and closed response tests
becomes blurred when the 'closed’ response set actually includes al
the items that would be possible in an open response set (Dillon and
Ching, 1995).
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g. Number of items per list

It isthe primary determinant of test reliability and is thus
one of the most important characteristics of a speech test (Dillon and
Ching, 1995). Egan (1948) opined that the minimum number of
monosyllable words required in each list to achieve a phonemic
balance is 50. Tests are available which have varied number of items
ranging from five [eg. Auditory Number Test, Erber,(1980)]to as
many as 150 are more [(eg. CNC test, Peterson and Lehiste, (1962J]
The choice of these depend on the purpose of the test.

h. Number of lists

In clinical applications, needs for alarge number of listsis
rare because clinical time constraints preclude a large amount of
speech testing however, it is imperative to have a large number of
experimental conditions in an experimental setting (Dillion and Ching,
1995). It is not uncommon to see tests having just one list [eg.
Auditory Rhyme Tedt, (Fairbanks, 1958). QUD W-22 lists, (Hirsh et
a. (1952)]. However, there existstests that have asmany as20 lists
(eg. PAL list of PB 50, Egan, 1948). According to Egan (1948) the
lists should be equal in terms of average difficulty, range of difficulty
and phonetic composition. If articulation curve of and individua is
to be obtained then severe lists one required. It is important that the
same list should not be used more than once, because the scores may
be contaminated with memory and practice effects (Tillman and
Carhart, 1963). Hence, Dillon and Ching (1995) have suggested the

use of equivalent lists so that any item will be presented only once.
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1) Ability tested: detection, discrimination, recognition and
comprehension.

There are four basic types of responses that contribute
to perception of conversational speech. They are detection,
discrimination, recognition and comprehension (Hirsh, 1964,

Boothroyd et al. 1971).

Detection isthe ability to respond differently to the presence

and absence of a speech stimuli (Hirsh, 1964-).

Discrimination requires asame-different response. It refers
to the ability to perceive similarities and differences among two or

more speech stimuli (Hirsh, 1964)-

Recognition is the ahility to produce a speech stimulus by
naming or identifying it is some way. It can be through pointing,

writing, repeating etc. (Hirsh, 1964).

Comprehension is the ability to understand the meaning of

language (Hirsh, 1964-).

Using speech stimuli, an individual's speech detection
threshold, speech reception threshold and speech identification scores
canbe found. Speech detection threshold isthelowest level at which
speech can be detected. While, speech reception threshold is the
intensity level at which the listener can repeat 50% of the material

presented. However, these measures do not talk about anindividual's
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understandng of speech. The speech test which determines the
listener's ability to understand speech under ideal listening situations
are speech identification tests. Various other terms used ana ogoudy
with speech identification are articulation, discrimination,
intelligibility, understanding, perception and recognition (Penrod,
1994).

Besides the attributes of the test material, the way it is

presented also affects the outcome of the results.

B. Attributes of Test Recording and Presentation Methods

a) Response Method

The subjects can indicate their perceptions in severa ways.
Most commonly, the subject verbally repeats what they thought they
heard. Alternately, the responses could bewritten down. The problem
with the verbal response is, it might be misheard by the tester.
However, written responses can still be problematic if the person has
spelling errors leading to misinterpretation of his perception, thus
leading to an erroneous scoring and moreover write down responses
are limited only to the literates. In critical applications, the subjects
response can be videotaped, and a second tester can transcribe the

response.

Responding is ssimpler for closed response set tests. The
subject can indicate the number of the chosen response, or can point

to it. In some cases, the test items can be presented as pictures, to
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which the subject points, so that the test subject does not need accurate
speech production. For tests administered on computer, the pointing
can beviaatouch sensitive screen, or donewith amouse or keyboard.
It is possible for response biases being introduced by the spatia
arrangement of the response foils, but this can be controlled by
rearrangement of the foils when multiple testing with the same foils

isused (Plant and Spens, 1995).

Whatever might be the response method, it must be
remembered that speech tests of hearing should investigate the
listeners high function not their speech production on their mental,

physical, linguistic or educational abilities (Martin, 1987).

b) Quantity Scored

Speech identification tests, measure and expressthe scores
in avariety of ways. For a monosyllabic word test, for eg. the items
can be scored as proportion of words correct or as proportion of
phonemes correct. The disadvantage of phoneme scoring is that it
places additional demands on the concentration of the tester. Another
scoring method is to count the complete sentences as items. This
occurs when the response task requires the subject to follow an
instruction or answer a question and when the subjects actions are
then judged as either right or wrong. Alternatively, increasing the
number of items into units even smaller than phonemes by counting
the number of distinctive features by which the stimulus and the

response differ can be used (McPherson and Pang-Ching, 1979).
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Feeny (1990) has shown that thisincreased number of itemsimproves
test reliability and provides additional information about the errors

made.

c. Quantity Expressed: Percent Correct vs. Threshold

Frequently, the quantity counted (distinctive features,
phonemes, words, sentences, etc) is also the quantity used to express
the result of the test. The percentage of speech units correct is the
most appropriate way to express the results whenever the purpose of
the speech test isto find the maxi mum achievabl e scores, or the score
obtained under some specified conditions, such as a particular
presentation level and/or signal to noise ratio (SNR). For many
applications, however, it is more useful to find a speech threshold.
That is, the speech level or SNR at which some specified levd of
performance (such as 50% correct) is achieved (Plant and Spens,

1995).

d. Method of Level and SNR Adjustment

The level of an item in a speech test is normally controlled
insomeway. The crudest method is for the talker to be ingtructed to
speak with 'normal vocal effort' for all items. A dightly more
sophisticated method is to provide the talker with a SPL. monitor
while therecording takes place. More recently, leq measurement has
become easy to do and is more reproducible than watching a moving
Vu needle. Leqgrefersto equivalent continuous level, and isequd to

the level of a constant intensity sound which has the same intensity
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asthe average speech item intensity. For both the VVu and Leg methods,
the resulting level is much more influenced by the level of vowel

than by the level of consonantsin theitem (Dillon and Ching, 1995).

e. Spectral Characteristics of Signal and Noise

Information about speech is potentialy available to a subject
whenever the power of the speech in a frequency region exceeds
both the subjects thresholds in that frequency region and the power
of any masking noise or competing signal in that frequency region.
Consequently, the spectral shape of the signal and any masking noise
are key attributes of a speech test (Danhauer et a. 1985).

f. Live voice vs. Recordings.

Clinicians sometimes speak the test materials themselves,
presumably either because it is considered more interesting for the
client or because the client will need visual cuesto be ableto attain a
satisfactory score. Unfortunately, the results obtained will depend
onwho is doing thetalking (House, et a. 1965; Penrod, 1979; Hood
and Poole, 1980). Even for a particular talker, the manner in which
speech sounds are produced can affect the score obtained (Brandy,
1966). Random variation in the intensity or clarity of enunciation

will thus decrease test reliability.

ASHA (1988), proposed recorded voice to be apreferred
method for stimulus presentation. Despite the advantages ofrecorded
material Olsen and Matkin (1979), found that almost 65% of the 281
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respondentsthey surveyed employed monitored live vocie for testing
word recognition ability. From the above study it is evident that in
busy clinical setting, monitored live voice is preferred to recorded

sSpeech tests.

Recorded tests can be edited to ensure uniformity of
presentation level, can be standardized with normal hearersto ensure
that all items have been correctly produced by the taker, and their
acoustic characteristics can be analyzed. But the problem with the
recorded tests is that signals cannot be presented at a pace that is
consistent with the subject's response time and it cannot be repeated.
These pose magjor hinderance when evaluating chidlren and difficult
to test population. The use of interactive video laser discs coupled
with adaptive presentations can make recorded stimuli suitable even
for small children (Dillon and Ching, 1995). Computerized speech
material overcomes the disadvantages of both the recorded and

monitored live voice speech tests.

g) Computerized Speech Audiometry

Wittich et a. (1971), used computers to peform speech
audiometry which involved simple controls over signal presentation
levels. Using computrized speech audiometry, signals can be
presented at a pace that is consistent with an individual's response
time and can be repeated with ease. These advantages are especidly
useful while evaluating children and difficult to test population.

Advantages of using a computer for speech audiometry include :
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i) Digital represntation of signals therefore do not deteriorate over

time,
i) Sophisticated alternation such as time compressions, can be made

relatively easy.
iii) Inter-laboratory consistency will improve substantially.
iv) Stimuluspresntation can be easily randomized by the compuiter.

It can be concluded that presentation using computer

incorporates the advantages of both live voice and recorded speech

tests.

C. Dependent Attributes of Speech Tests

The above lists of attributes all represent more or less
independent choices which the tester can make when choosing,
designing or using atest. The following represent the consequences
of the attributes already discussed for eg. choosing a certain reliability
is difficult because it is the unavoidable result of other factors, the
most important of which is the number of items per list. Smilarly,
other dependent attributes which are out of the reach of the tester
are list equivalence, difficulty range within the lists, scope of the
performance intensity function, validity and sensitivity. These can

be «till controlled to some extent by adopting suitable procedures

while constructing the test.

The first part of this chapter discussed the attributes of
speech test which should be considered by an examiner before opting
for atest of his choice or designing a new test for a gpecific purpose.
The next part in this chapter gives the summary of different speech
tests for adults and children, arranged chronol ogically and categorized
broadly based on the set of attributes discussed above. It aso contains
a brief review of various speech tests developed in India for both

adults and children.
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METHODOL OGY

The aim of the present study was to construct a
phonemically balanced and standardized "Picture Speech
Identification Test in Tamil for Children". The test is intended for
Tamil speaking children in the age range of 3 yearsto 6.6 years. The

test -involves a picture pointing task.

The study was done in two stages viz.
Stage 1 - Pilot study
Stage 2 - Main/Normative study

Stage 1 : The Pilot Study
ubjects :

Thisinvolved ten subjects. The criteria chosen for selection of subjects
were as follows:

(1) All subjects should be native speakers of Tamil and should be
well exposed to the language at least in the home environment.

(i1) They should be within the age range of 3-6 years.

(itl1) They should have no complaint of any hearing-impairment.

(iv) They should not have any history of an otological, neurological,
psychological or opthalmological language problem.

(v) They should have normal speech, language and motoj
milestones.

Development of Test Material:

To develop the test material, picturable bisyllabic Tamil
words which were within the vocabulary of 3-6 year old children
were selected from -

(a) Text books and picture books meant for the above age group.

(b) Parents of Tamil speaking children in the above age group.
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A total of 120 words were listed. These were further short
listed to 90 unambiguous pi cturabl e bisyllabic words. These picturised

words were then subjected to a pilot study.

Procedurefor Pilot Study

The ninety words were subjected to atest of familiarity on
ten children (four in the 3-4 year group, three in the 4-5 year and the

5-6 year group) in the Pilot Study.

Each subject was tested individually, were they were asked
to name the picture depicting the items of the word list. A word was

retained only if 90% of the children could name and identify the

picture correctly. Sixty-three words were found to be familiar.

Construction of theTest Material

Out of the sixty-three familiar words, fifty words Were taken
as test items, another three words were utilized as practice items.

The rest were used as distractors.

The test items were chosen, so as to achieve a phonemic
balance. The frequency of occurrence of a phoneme in Tamiltras

based on the data published by Ramakrishna et al. (1962).

Four lists of words viz, A, B, Al and Bl were constructed
with fifty tokens each. List B had the same wordsasinlist A but in
a different random order. The words in list Al and B1 were in the

reverse order of thelists A and B respectively (Appendix I).
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For each of the lists, a half list was constructed. The

phonemic balance was maintained for both the full and half lists.

A test kit which contained a picture book and scoring sheets
was developed. It contained three pages for practice items which
were not a part of the test. The picture book was made in such away
that the same book could be used for both the test forms.- Each page
in the book had four pictures, among which one was the test item
and the others were distractors. The distractor words had any one
phoneme or fina syllable which rhymed with the test word (A ppendix
V).

The score sheet contained the test items of each test form

and the quadrant of the picture foil in which the correct items were
located :

Quadrant | refers to picture in upper left
Quadrant |1 refers to picture in upper right
Quadrant |11 refers to picture in lower left

Quadrant IV refers to picture in lower right

It also contains a space for noting pertinent information
about the patient (Appendix II).
Stage 2 : Normative Study

Subjects :

Forty children who satisfied the criteria mentioned in the
pilot study were selected. These children were not includd in the

pilot study. In addition these children were tested to ascertain that
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their hearing was withinthe normal limits. Ten children were sdected
in each group, viz. 3-3.11 years, 4-4.11 years and 5-5.11 years and
6-6.6 years. These children were chosen from varied cultural and
socio-economic background, al residing in the urban city, Mysore

(Karnataka) but speaking Tamil (motter tongue) at homes.
Instrumentation :

A two channel, clinical diagnostic audiometer, Madsen OB
822 with TDH 39 earphones housed in circumaural ear cushions M X
41/AR and a bone conduction vibrator B71 were used for testing.
The audiometer had facilities for testing air conduction, bone
conduction and speech audiometry. The calibration of frequency and
intensity for puretones and speech was done to confirm to ANS,
1989 specifications. Calibration of frequency and intensity was aso
done for BC vibrator (Appendix V). Stable power supply to the

instrument was ensured by a servo controlled voltage stabilizer.

Test Environment:

The data were collected in a sound-treated-two-room
setting. The ambient noise level measured, was found to be within
permissible limits recommended by ANSI 1991.

Data Collection :

Data collection was carried out in the Department of

Audiology at All Indialnstitue of Speech and Hearing, Mysore. Before
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the speech testing was done, the children were subj ected to a puretone
testing for both air conduction and bone conduction from 250 Hz
through 8 kHz and 250 Hz through 4 kHz respectively. The better
ear was considered as the test ear for speech evaluation for each

subject.
Instructions :

The subjects were given instructions in Tamil in the

following way :

Yo will bicarn some aords Uimnough the beadphones. like *Skoc
pictunes on the page. Pocul To the ficleune of the wond thal gocu
tearn. T you lislen cancfully and point comectly. you will be
Guesn deweels " .

Administration of Speech Identification Test:

A minimum of two examiners were required to carryout
the test. One examiner presented the stimuli using monitored live
voice ensuring the deflection of the VU meter to zero. A distance of
6-9 inches was maintained between the microphone and the mouth
of the speaker as recommended by Penrod (1994). The other

examiner sat beside the child to help him or her turnto the appropriate
page of the picture response book.

Initially three practice items were presented at acomfortable

level i.e. 40 dB SPL relative to Fletchers Average [the average of two
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better thresholds among the speech frequencies, 500, 1000 and 2000
Hz(Rupp and Stockdell, 1980)].

Later, the tests were administered at 10 dB SL, 20 dB SL,
30 dB SL and 40 dB SL relativeto Fletcher's Average. Each subject
was presented list A and list B (Appendix I) for two of the two intensity
levels. The same two test forms were presented in the reverse order
for the other two intensity levels. Both the order of the test forms and
level of presentation were randomized using arandom table (Linquist,
1970). No child heard the same list or presentation level more than

once.

Scoring :

The response were recorded on a score sheet. Correct
responses were given a score of two and incorrect responses were
given a score of zero. The percentage of correct responses were

calculated for each subject.

Satistical Analysis

The data collected for forty subjects were subjected to statistical

analysis.



RESULTS AND DISCUSSION

The present study aimed at devel oping and standardizing a
picture speech identification test in Tamil for children. Forty normal
(speech and hearing) children in the age range of 3-6.6 years, whose
mother tongue was Tamil were evaluated. The study was carried out

to obtain the following information:

1. The effect of presentation level on speech identification scores.
2. To check the inter-list variability.

3. Whether the half list is equivalent to the full list.

4. The effect of age on speech identification scores.

5. The effect of gender on speech identification scores.

6. Error anaysis of the test items at 40dB SL (Ref.FA).

The data collected on the subject were Statistically analysed.
For each of the variables measured, the means and standard deviation
were computed. To obtain significance of difference of mean,
ANOYA. was done. Statistical analysis was done with the help of
computer based statistical package: NCSSi.e. Numerical caculations
for social sciences 5X series (Jerry, 1982-1992).

1. The Effect of Presentation Level on Speech Identification Scores :
The test materials were administered at four presentation

levelsviz. 10dB SL, 20dB SL, 30 dB SL and 40 dB SL relative to

the Fletcher's average.
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Results and Discussion of Mean and Standard Deviation

Table 1 and Fig. 1 reveal that there was least speech
identification scores at 10 dB SL and greatest at 40 dB SL relativeto
the Fletchers Average. The deviation from the mean was greatest at
10 dB SL and least at 40 dB SL relative to the Fletchers average.
This indicates a steady increasing trend in the performance with
increase in presentation levels. This could be attributed to the greater
acoustic energy availableto the subjects at ahigher presentation leve.
The above findings are in consonance with Tillman (1965), Carhart
(1965), Swarnalatha (1972), Mayadevi, (1976), Elliot and Katz
(1978), Malini (1981), Rout (1996), Mathew (1996) and Vandana
(1998). All these investigations obtained maximum scores at 30-40
dB SL. However, Hirsh (1952) achieved the maximum scores at 60
dB SL for CID-W22 word list. This could be due to difficulty of the
test item administered.

The mean and standard deviations of the speech
identification scores for al 40 children across four presentation levels
are depicted in Table 1.

Presentation Count Mean SD. Minimum Maximum
Leve -

10dB SL 40 91.55 6.428 96 100
20dB SL 40 95.9 4.124 84 100
30dBSL 40 98.2 2.430 90 100
40dB SL 40 99.3 1.539 94 100

Table-1 : Mean and Sandard Deviation of speech identification
scores across different presentation levels.
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Fig. 1 : Performance intensity function (Articulation curve).

Results and Discussion of Analysis of Variance

Analysis of variance was doneto find if there are any significant
difference in the mean test score across the presentation levels (Table
2),From Table-2 it can be inferred thatthere exists ahighly significant
difference in the mean test scores across the presentation levels[F (3,
156) = 28.27; P=2.66 Significant at .05 level].

Source df  Sum of Mean F-test  P-value
square Square

Between 3 1412.675 440.891 2827 a 05

subjects level =
2.66

Within 156  2598.3 16.657 F>P

subjects

Total 159  4010.97

Table 2: Summary of ANOVA findings across presentation levels
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Based on the findings of the present study and that of
studies carried out by Rout (1996), Mathew (1996) and Vandana
(1998), it seems appropriate to administer thetest at 40 dB SL relative
to Fletcher's Average to generate subject's maximum response. This
intensity is suggested since subjects get maximum score at this

presentation levdl.

2. Half Listsvs. Full List

Themain purpose of constructing two half listswasto save
clinical time, much relevantly to the Indian context, where one
evaluates severa subjects within a limited time span. The half list
may also be useful while testing children whose attention span is not

long enough to carryout the entire test.

Many researchers like Carhart (1965), Elliot and Katz
(1980) recommend to use a half list in evaluating speech intdligibility.

However, it isimportant that the half list should yield smilar results
as the full list. Hence the reliability of the half lists was evaluated.

Results and Discussion of Mean and Standard Deviation

Table 3 and 4 shows the mean and standard deviation of
the speech identification scores for the 40 children for the 1« and 2nd
half lists respectively. Table 5 shows the mean and standard deviation
of the speech identification scores of the two half list and full list at
40 dB SL (refFA).
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IiPreﬂelentation Count Mean SD. Minimum Maximum
ev

|OdBSL 40 90.2 7411 72 100
20dBSL 40 95.6 4776 80 100
30dBSL 40 98.1 2715 92 100
40dBSL 40 99.1 2121 92 100

Table-3: Mean and Standard Deviation of speech identification
scores across different presentation levels for 1st half list.

Preselentation Count Mean SD. Minimum Maximum
Lev

|OdBSL 40 92.7 6.268 76 100
20dBSL 40 95.9 4573 80 100
30dB SL 40 98.2 2709 88 100
40dBSL 40 99.6 1215 96 100

Table-4 : Mean and Standard Deviation of speech identification
scores across different presentation levels for 2nd half list.

Source Mean S.D
First half list 90.1 2.121
Second half list 99.6 1.21
Full list 990.3 15

Table-5 : Mean and Standard Deviation of speech identification
scores at 40 dB SLfor 2 Half list and Full list.

The tables 3, 4 and 5 reveal no marked variations in the
mean scores across the lists especially at 40 dB SL (Ref.FA). Also
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the small value of standard deviation reflects less variance. This '

indicatesthat the scores obtained through al thelistsarefarly uniform.

Results and Discussion of Analysis of Variance

Tofind if there are any significant differencesin the scores
obtained through the different lists (2 half and full list), analysis of

variance was done and Table 6 reveals the summary.

Source df Sumof Mean F- P-value
square square  ratio
Between group 2 58.2166 29.108 1.05 at 0.05
level =
3.01
Within group 477 13191.38 27.65 F<P
Total 479 13249.59

Table-6: Summary of ANOVA findings across the lists.

Theresults of analysis of variance revealed no significant
differences between the two half lists. Also, the two haf lists were
not significantly different from the full list This indicates that either
of the half lists may be used instead of the full list without affecting

the outcome of the test results.

3. Effect of Age on Speech Identification Scores

The forty children involved in the study were categorized
in to four age groups of 10 each. The Group | had children in the age
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range of 3-3.11 years, Group |1 4-4.11 years, Group Il 5-5.11 years
and Group 1V had 6-6.6 year old children. Table 7 and 8 showsthe
mean and standard deviation of the speech identification scores at 10
dB SL and 40 dB SL relative to FA respectively. Therange is aso

given in the above tables.

Group Count Mean SD Minimum Maximum
| 10 87.8 8.5088 76 98

[ 10 88.6 4.6236 82 100
1 10 94.8 2.8968 90 100
IV 10 95.2 1.5936 94 100

Table 7. Mean, Standard Deviation and Range of speech identifica-
tion scores for 4 groups of children at 10 dB S (Ref.FA)

Group Count Mean SD Minimum Maximum
| 10 98.4 2.2705 94 100
[ 10 99.2 1.6865 96 100
1 10 99.6 0.8432 98 100
AV 10 100 0 100 100

Table-8: Mean, Standard Deviation and Range of speech identifi-
cation scores for 4 groups of children at 40 dB S (Ref.FA)

Results and Discussion of Mean and Standard Deviation :

Fromthetables7 and 8 and Fig. 2 it can be seen that at both
the presentation levelsi.e. 10 dB SL and 40 dB SL (ref. FA), there
was an increase in speech identification scores with age. Also the
standard deviation decreased with age in both the presentation levels.
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Fig. 2 : The mean speech identification scores for the 4 age
groupsat 10 dBSL. and 40 dB 9. (Ref. FA)



49

It can be seen that with increase in age, the speech
identification scores increased. Similar results were obtained when
the presentation level were 20 dB SL and 30 dB SL (ref.FA).

Resultsand Discussion of Analysisof Variance

The ANOVA was established for thefour presentation levels
acrossthefour age groups. With increase in age there was significant
increase in speech identification scores for al presentation levels.
Table 9 and 10 shows the summary of the ANOVA findings at 10
and 40 dB SL (ref. FA) for the 4 age groups.

Source df  Sum of Mean  F- P-value
square square ratio

Between group 3 466.4 15547 4.67 0.0074
P>F

Within group 36 1199.2 33.31

Total 39 1665.6

Table9 : Summary of ANOVA findingsat 10 dB S (ref FA) for

4 age groups.

Source df  Sumof Mean F- P-value

square square  ratio

Between group 3 14 4.67 2.14 0.1119

Within group 36 784 21777 P>F

Totdl 39 924

Table 10 : Summary of ANOVA Findings for 4 Age Groups at
40 dBSL (Ref FA)
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This is in concurrence with other studies done by Elliot
and Katz (1960); Siegenthaler and Haspiel (1966); Ross and Lerman
(1970); Mathew (1996), Rout (1996), and VVandana (1998).

4. Sex Difference In Speech Identification Scores :

Of the forty children considered in the study 29 of them
were males and theremaining 11 were females. The mean, slandard
deviation and the range of the speech identification scores within the

two groups was computed. These are showninTable 11 and 12.

Group Count Mean SD  Minimum Maximum
Male 29 91.7931 6.48 78 100
Female 11 92.1818 7.18 76 100

Table-11: Mean, Sandard Deviation and Range of speech identi-
fication scores for two groups male and female (of all the age

groups) at 10 dB SL (ref. FA)

Group Count Mean SD  Minimum Maximum
Male 29 96.0689 1.27 96 100
Femae 11 08.7272 2.05 94 100

Table-12 : Mean, Sandard Deviation and Range of speech
identification scores for two groups male and female (of all
the age groups) at 40 dB S (ref. FA)

The bar diagram in Fig. 3 depicts the mean speech
identification scores for males and females at 10 & 40dB SL (Re.

FA).
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The results revealed that females had higher mean speech
identification scores at both the levelswhen compared to males. The
standard deviation scores also showed a greater value for females

than males indicating more dispersion of the scores.

100
08
96 — B 10dB SL
94

o2 [J40dB SL

Scores

90
88

86

Male Female

Fig-3. Mean speech identification scores for males and
females at 10 dB S and 40 dB SL (ref.FA).

This difference in scores could be attributed to the presence
of more femaes in higher age group when compared to males. This
evidently resulted in higher mean score of the female group in
comparison to the male group. However, the mean difference between

the two groups was less and did not prove any statistical significance.

5. Error Analysis

The stimuli and the corresponding responses for each
subject at 40 dB SL (ref FA) were plotted on a confuson matrix
(Appendix COT) Analysis of the errors revealed that al the childen
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could identify the test item at 40dB SL (ref. FA). Most confuson
occurred for aparticular test item "Pa:nai (earthern pot). However,
the test item satisfied the selection criteria (more than 90% of the
subjects identified the test items) adopted for the devel opment of test
material which is detailed in the chapter "Methodology”. Hence,
the item was retained in the fina test list. The probable reason for a
consistent error on this item among the few could be attributed to

three reasons :

a) Less common usage of the word in the diaect/cultural
background of thd subjects tested.

b)  Modernisation/cultural variation where usage of earthern pots
are rarely evidenced.

c) Lack of the test word in the concerned subject's vocabulary.

In conclusion, the findings of the present study can be
summarized as follows :
1. Withincrease in age, the speech identification scores increased.
2. With increase in intengity, there was an improvement inthe
performance of the children.
3. The highest score was obtained at 40 dB SL (ref.FA)
4. The two half lists were found to be equal.
5. The two half lists were found to be equal to the full list
6. Females scored better than the males both at 10 & 40dB ..
7. All the children could identify the test item at 40 dB SL (*&f.FA)
except for the word "pa:nai” (earthem pot). Since it was
identified by more than 90% of the children, it wasretained asa

test item.
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SUMMARY AND CONCLUSIONS

This study aimed at developing and standardizing apicture
speech identification test in Tamil for children in the age range of 3-

6.6 years.

The study aimed at evaluating the following :

1. The effect of presentation levels (i.e. 10 dB SL, 20 dB SL, 30
dB SL and 40 dB SL relative to Fletcher's Average) on speech
identification scores.

2. Theinter-list variability.

3. Whether the half list was equivalent to the full list.

4.  The difference in the age of subjects and their performance in
the test.

5.  The difference performance of males and females on the same
test.

6. Error analysis of the test items at 40db SL (Ref. FA).

The study was carried out intwo stages, viz. Stage | and n.
Stage | consisted of a pilot study where 10 subjects in the age range
of 3-6.6 years participated. Stage |1 consisted of the normative study

which had 40 subjects (subjects inthe pilot study were not included)
in the above mentioned age group.

The results of the present study showed:

1. When the test was administered to the subjects at difFerent

intensity levels, a significant improvement in scores was noticed
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as the presentation level increased. This is primarily attributed
to the greater acoustic energy availableto the listener at ahigher
intensity.

All the subjects obtained their personal best scoresat 40 dB SL
relative to the Fletcher Average. Thisisin agreement with the
previous works reported in the literature (Ross and Lerman,
1970; Katz and Elliot, 1980;Malini, 1981:Rout, 1996;Mathew,
1996; Vandana, 1998).

3. The subjects performed equally well on both the half lists. This

trend was seen across al the presenttion level

4. There was no significant difference between the half and full

lists.

5. In the line of many researchers (Katz and Elliot, 19780

Siegenthaler and Haspiel, 1966 and VVandana, 1998), the present
study also demonstrated an age related difference in the
performance in the speech identification scores. There was
statistical significant difference between the youngest (3-3.11
years) and the oldest (6-6.11 years) age group in this study.
The females performed consistently better than male subjects
but also had a higher dispersion scores. This could probably be
because most of the female subjects belonged to the upper age

group.

7. An error analysis with the help of a stimulus response matrix

revealed that al the children could identify the test item at 40
dB SL (Ref. FA). Errorswere noticed in aparticular test item
"panai" (earthern pot). Sinceit satisfied thetest simuluscriteria
(more than 90% of the subjects identified the test items), was
retained in the final test list.
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From the findings of the present study, the following

recommendations are made :

1. Itcan be administered to children speaking different dialects of
Tamil in the age range of 3-6 years.

2. To obtain the best speech identification scores, the test should
be administered at 40 dB SL (ref.Fletcher Average).

3. For those children with shorter attention span, either one of the
half list can be administered reliably.

4. Thetest can be used with older children or adult subjects who
have inadequate speech and/or language skills.

5.  The materia developed can aso be used for selecting
amplification devices for paediatric and difficult to test
popul ation.

6. Itis further recommended as an excellent tool for monitoring
progress of an auditory training program.

7. The developed material can serve in evaluating and monitoring

progress in cochlear implantees.

Recommendations for further research

In the line of the present study a few other research directions are

indicated. These are :

1. It can be standardized on deviant populations such as : hearing
impaired; learning disabled; childhood aphasics and mentally

retarded subjects.
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2.  Compare the performance of deviant populations with age and
|anguage matched normal population. Thiswould givea better
insight into the understanding of speech perception/identifica-
tion in deviant population.

3.  To compare the performance of cochlear implant users vs.
hearing aid users.

4.  Thetest stimuli can be presented with acompeting noise to stress
the auditory system and the results can be compared with no-
noise conditions. This would give an insight into the effects of
noise on speech identification.

5.  The whole test can be fed into a software and a computer based
speech identification testing can be developed.

6. A larger normative study can be carried out and a 'neural
network' based diagnostic package can be developed.

7. Audio recorded version of the same test can be developed and
standardized, this can reduce the tester/examiner variability.

8.  Thefour picture matrix can be changed to six picture matrix to
decrease the chance factors.

0. Similar methodology can be adopted to develop and standardize

speech identification tests in other Indian languages.
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APPENDIX V
Calibration Procedure
Calibration of the Audiometer
Both intensity and frequency calibration was done for the
puretones generated by the clinical audiometer (Madsen OB 822).

Intensity Calibration
Intensity calibration for air conducted tones were carried

out with the output of the audiometer set at 70 dB SL (ANSI, 1989).
Through the earphones (TDH-39 with MX-41/AR ear cushions) the
acoustic output of the audiometer was given to a condenser
microphone (B& K 4144) which wasfitted into an artificial ear (B&K
4152). The signal from the artificial ear wasthen fed in to a calibrated
sound level meter (B&K 2209) with an octave filter set (B&K 1613)
through a preamplifier (B&K 2616) using a half inch to one inch
adapter (B&K DB 0962). The output SPL value was noted for
frequencies 250 Hz through 8000 Hz and compared with the expected
values according to ANSI Standard, 1989. if there was a discrepancy

of morethan 2.5 dB, it was corrected by means of internal calibration.

Bone Vibrator Calibration

Radio Ear B-71 (Bone conduction Vibrator) was
calibrated for Frequencies 250 Hz through 4000 Hz. The output of
the audiometer was set at 40 dB HL. From the bone conduction
vibrator, the acoustic signal was fed to the artificial mastoid (B&K
4930). This output wasthen fed viaapreamplifier to the SLM (B&K
2209). A difference of more than 2.5 dB between the observed SPL
value and the expected value (ANSI Standards, 1989), was internally
calibrated.



Frequency Calibration

The éectrical output of the audiometer was fed in to the
time/frequency counter (Radart 203) which gave adigital display of
the generated frequency. If the difference between the dia reading
on the audiometer and the digital display of a given frequency,
exceeded + or - 3% (ANSI, 1989) of the characteristic frequency tested,
then an internal calibration was done.

Linearity Check

The linearity of the audiometer attenuator was checked.
The intensity dial of the audiometer was set at maximum level and
the frequency dial was set to 1000 Hz. The attenuator on the SLM
was set at a level corresponding to the maximum level on the
audiometer. The attenuator setting on the audiometer was decreased
in 5 dB stepstill 30 dB and the corresponding reading on the SLM
was noted. For every decrease in the attenuator setting the SLM
indicated a corresponding reduction.

Microphone Calibration

A 1000 Hz tone at 70 dB HL was presented as the
microphone input for microphone calibration. The VU meter gain
was set so that the needle peaked at 'O'. A one inch condensor
microphone (B&K 4145) was connected to the SLM (B&K 2209)
and octavefilter set (B&K 1613). The output SPL was noted on the
SLM onthe linear scale and compared with the standards (Morgan et
al. 1979). If the reading exceeded 2.5 dB, internal calibration was
done.



Frequency Response Characteristics of Earphones

The frequency response characteristics of the TDH 39
earphone was obtained using signal generator (B&K 1023) pressure
microphone (B&K 4145), frequency analyzer (B&K 2107) and a
graphic level recorder (B&K 2616). The electrical output of the signal
generator (B& K 1023) was fed to the headphone. The output picked
up by the microphone (B&K 4145) was fed to the frequency anayzer
(B&K 2107). This output was recordedon the graphic level recorder
(B&K 2616).



