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ABSTRACT

Objective: Standard word lists are used during speech audiometry for assessment of hearing
of an individual. The present study aimed at developing phonemically balanced word lists in
Kannada language for adults and standardizing the same. Design: Normative research.
Participants: One hundred and sixty five participants with normal hearing sensitivity and 40
individuals with different degrees of hearing loss. Method: A total of 1200 bisyllabic
Kannada words were collected from various sources. These words were evaluated for
familiarity. The words that were familiar were also assessed for equivalency, to make sure
that the words being used to construct the lists were of equal difficulty. Only the words that
were equivalent were selected for construction of word lists. Accordingly, 769 words had a
score of around 50% identification at -3 dB SNR. These words were then used to construct 25
word lists, each containing 25 words. Word equivalencies across the word list were assessed
on participants with normal hearing in quiet at four sensation levels and at -3 dB SNR. The
utility was also assessed on individuals with different degrees of hearing loss. Results:
Except List 5, all other word lists were equivalent in quiet. , PI —PB function in quiet was
derived at 4 SLs for all the other 24 lists. Assessment of list equivalency at -3 dB SNR
revealed that the Lists 1, 4, 5 and 12 were found to be significantly different from the other
lists. Among the participants with hearing loss, the speech identification scores reduced
significantly with increase in severity of hearing loss. Conclusion: Thus, 24 word lists in
quiet and 21 word lists in noise were standardized. These word lists can be used for testing
adults in the routine speech identification testing, assessing hearing aid benefits and for

research purposes which requires multiple word lists.



1. INTRODUCTION

Individuals with hearing problems most often complain of difficulty in understanding
speech. Hence, according to Brandy (2002) when an individual poses with a complaint of
reduced ability to hear and understand spoken information, evaluating his/her hearing at
different frequencies with the help of pure tones is not adequate enough to understand the
hearing problems faced by an individual. The concern is how an individual is able to hear and
understand speech in realistic world rather than how well he/she is able to detect pure tone.
Speech tests provide valuable information regarding how well our auditory system performs
in the real world situations and also regarding the benefits provided by hearing devices.
Speech tests thus form an important part of routine audiological evaluation (Thibodeau, 2000;

Gelfand, 2009).

Carhart (1952) defined speech audiometry as “the technique wherein standardized
samples of a language are presented through a calibrated system to measure some aspect of
hearing ability”. Fundamental speech tests usually include speech detection and speech
recognition or identification. Speech detection threshold (SDT) is the lowest level of intensity
at which an individual can detect the presence of a speech stimulus whereas speech
recognition or reception threshold (SRT) is the lowest level of intensity at which an
individual can understand at least 50% of the speech stimuli presented to him. In addition,
most common way of testing speech intelligibility at suprathreshold levels is to present the
individual with a list of phonemically balanced test words (Gelfand, 2009). The percentage of
words correctly repeated is considered as the speech identification score or speech

recognition scores (SIS or SRS).

Accuracy of assessment of speech identification depends on various factors. These

factors may be categorized as factors related to the test material and its development which



includes, decisions regarding the type of test material that is used, language specificity,
phonetic or phonemic balancing, number of test lists developed and familiarity of the test
materials used. Factors that one must consider while administration of the test includes
presentation level, live vs. recorded presentation of the material, instructions provided and the
response task. In all, factors such as decisions regarding test material used, presentation

format, response task can affect the analysis and interpretation of the result.

The choice of material used for testing purpose ranges from simple non-sense
syllables to sentences. It depends on the purpose of the test and also on the age and the
auditory or listening abilities of the subjects. Use of non-sense syllables (which was the
commonly used test material earlier) will restrict the influence of the linguistic knowledge
and also helps in examining phonetic errors. At the same time Tyler (1994) is of the opinion
that using non-sense syllables do not have face validity and they do not represent the natural

speech.

On the other hand, according to Martin and Clark (2009), sentence materials contain
contextual cues and are expected to have better predictive validity when compared to words.
With the help of sentence materials co-articulation as well as temporal aspects of speech can
be assessed. On the other hand, these materials take longer time to be administered, and

memory has an influence on the performance.

Though there is a wide variety of speech materials such as non-sense syllables (Levitt
& Resnick, 1978), or sentences (Kollmeier & Wesselkamp, 1997) that can be used, word lists
remain the most commonly used material as there is a fair amount of balance between face
validity and redundancy when compared to non-sense syllables and sentences. The most

common material for speech recognition testing is the monosyllabic words. Many



monosyllabic materials are available in English language. The Central Institute of the Deaf

W-22 (CID W22) and the Northwestern University-6 (NU 6) word lists are among them.

Test material developed should be both reliable and valid. Test material that can be
usedrange from simple monosyllabic words to sentences. One must address a few major
issues while developing a word list. According to Martin (1997), the test material developed
should have a good representation of phonemes as per the occurrence of the phonemes in the
language which can be achieved by either phonemic or phonetic balancing (PB), words
chosen must be familiar, words chosen must be age appropriate, there should be equivalency

between the lists, and that the material used should be language specific.

1.1 Factors to be considered while developing test material

1.1.1Phonetic/Phonemic balancing

The material developed should be a representative of the phonemes or the phonetic
structure of a particular language. Phonetic balancing of word lists refers to preparing words
that contain all the speech sounds that occur in the everyday speech of that particular
language (Egan, 1948). Lehiste and Peterson (1959) modified the concept of phonetic
balancing to phonemic balancing in recognition of the fact that speech recognition is
accomplished on a phonemic rather than phonetic basis. According to them, this is a real
distinction because phonemes are actually groups of speech sounds (each of which is a
phonetic element) that are classified as being the same by the native speakers of the language.
Thus, all phonetic differences are not phonemically relevant. Thus, according to them, the
term ‘phonemic balance’ is more relevant than the term ‘phonetic balance’. The test list
developed with PB represents the relative frequencies of the phonemes as closely as possible

to the distribution of those phonemes in the everyday speech of that particular language.



In phonemic balancing, all the phonetic variants or the allophones of a particular
speech sound is considered as a single phoneme and the word lists constructed will then have
these phonemes occurring with same relative frequency equivalent to that of everyday
speech. Thus, phonemically balancing can be considered as a modification in the concept of
phonetic balancing. As mentioned earlier, this modification in the concept of phonetic
balancing was first introduced by Lehiste and Peterson (1959). The rationale behind
developing such materials is to avoid overestimation or underestimation of an individual’s

problem.

If a listener is presented with test materials that contain phonemes that occur
infrequently in normal everyday speech of that particular language, and that individual is
totally unable to perceive that particular phoneme, then it doesn’t make that person a severely
handicapped. If the same person is unable to perceive phonemes that occur most commonly
in everyday conversation, then his problem may be considered as a more severe one (Dillon
& Ching, 1995; Vandana, 1998). Therefore, it is very important that the test material
developed should have different phonemes appearing in the test material with the same

relative frequency of occurrence as in everyday speech.

Egan (1948) developed first the monosyllabic word material to be used clinically. He
developed phonetically balanced lists of 50 words each. This is known as ‘PB-50" test. Hirsh,
et al., (1952) modified PB-50 because it contained unfamiliar words. They prepared four lists
of 50 words each by selecting 120 words from Egan’s lists and added 80 other commonly
used words. These were then called CID W-22 word lists.

Lehiste and Peterson (1959) believed that true phonetic balancing was not possible,
hence, they modified the concept of phonetic balancing and introduced phonemic balancing.
They selected a pool of 1263 CNC words from Thorndike and Lorge (1944) lists and came up

with ten equivalent PB lists of 50 words. Later based on their work, North-Western
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University Auditory test No. 6 or the NU-6 test was developed by Tillman and Carhart
(1966). They refined the CNC word lists in an attempt to improve phonemic equivalency and
equal word familiarity from list to list. They produced four equivalent lists with 50 words in
each.

Martin, Champlin, and Perez (2000) conducted a study to check if there is any
difference in the scores obtained for PB word lists and lists that were deliberately not
balanced. The first set comprised of conventional PB word lists selected from North-Western
University Auditory Test No. 6 (NU-6) (Tillman & Carhart, 1966). The second set of lists
consisted of 200 randomly selected words that lent themselves to monosyllabic utterance.
They administered them on subjects with normal hearing as well as on subjects with
sensorineural hearing loss. The results revealed identical scores thereby questioning the need
for balancing a word list. Though the authors did not find any difference between lists that
were balanced or otherwise, there is no harm in balancing word lists.

1.1.2. Familiarity of the words chosen

Word familiarity plays a major role and has great effect on the speech recognition
performance (Owens, 1961). Word lists that are developed should contain words that are
familiar to as many individuals as possible. Rare and infrequently used words are not
identified accurately as compared to the commonly used words, which affects the analysis
and interpretation of the results. Any effect due to differences in educational background can
also be minimized by using words that are familiar to majority of the individuals. Words that
are familiar to adults need not be familiar to children. Hence, the choice of words should be
such that it is appropriate for the target population.

1.1.3 List equivalency
Another issue to be addressed while developing a word list is preventing over-

familiarization of the test materials. The speech tests serve more than one purpose. Thus,



usually more than one administration of the same test might be necessary. For instance, an
individual who has undergone speech recognition testing for diagnostic purpose, should also
be assessed for the performance in aided condition, if necessary, using different hearing aids
or using different features of a same hearing aid. If the same test material is used repeatedly,
with time, the individual will get familiarized with the material. This in turn affects the test
results (Tillman, Carhart & Wilber, 1963). Thus, it is important to have more than one test
material or different forms of the same test material to overcome the practice effect. In
addition, all the alternative test forms of the same test or the multiple test lists be equivalent
I.e., various alternate forms of the test should yield comparable results (Gelfand, 2009). If
some of the test forms are easy while some are difficult, then one must exercise caution while
administering the test and interpreting the results.
1.1.4 Language specific materials

It is most desirable that the speech material administered on an individual is inhis/her
native language. Testing an individual in his/her non-native language will lead to inaccurate
results. The words that are presented to them may not be familiar and also not meaningful
leading to low scores. Therefore, speech tests should be administered in the client’s native
language/dialect, if speech test materials are available in that particular language (Lehiste &
Peterson, 1959). Thus, it is important to develop standardized test materials in every language
in an experimental setting (Carhart, 1952). In the Indian context, this poses a challenge as
India is a multilingual country. Test material should be developed in different languages.

In summary, while constructing word lists, the effect of each of these factors must be
kept in mind, so that, there can be accurate and reliable measurement of the speech

perception ability of an individual.
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1.2Various test materials for speech identification in English language

Supra threshold speech recognition testing was focused upon during the World War 11
as the tool for assessment of communication. Through the years, a number different speech
recognition test materials have been developed. Recordings of many of these are
commercially available. A few of these tests have been listed below.

Egan, in 1948, developed the first monosyllabic word material,"PB-50’ test,to be used
clinically. Hirsh,et al., (1952) modified this as CID W-22 word lists which contained four
lists of 50 familiar words each.

Lehiste and Peterson (1959) believed in phonemic balancing as true phonetic
balancing was not possible. They gave ten equivalent PB lists of 50 words. The Northwestern
University Auditory test No. 6 or the NU-6 test with phonemic equivalency and equal word
familiarity was developed by Tillman and Carhart (1966). They produced four equivalent
lists with 50 words in each.

Speech perception in noise test was developed by Kalikow, Stevens, and Elliot
(1977). It consists of 8 sets of 50 sentences each. Each sentence is about five to eight words.
These sentences are presented in the presence of background noise. Speech babble (12 talker)
serves as the background noise in this test. Half of the sentences are highly predictable while
the other half is low predictable sentences. It assesses the ability of an individual to use the
contextual cues and predict the words. The listener has to identify the last word in each
sentence. An overall score is obtained from the difference between the scores on high and
low predictable items. This allows to judge on the client’s ability to make use of the
contextual cues.

1.3 Speech identification tests developed in India
It is well established fact that language of the speaker and the listener influences the

measurement of the speech intelligibility. India being a multilingual country, there is a need
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for development and standardization of language specific materials. Widely spoken Indian
languages include languages such as Hindi, Kannada, Telugu, Tamil, Bengali, Malayalam,
Urdu, Oriya, Marathi, Gujarati and Assamese. Through the years, various speech recognition
materials have been developed in Indian languages. Most common tests in some of these
languages developed for adult listeners are listed below.
1.3.1 Speech test materials in English for Indians

Swarnalatha (1972) developed material for speech recognition in English for Indian
population, both adults and children. For the adults, 200 monosyllabic words from PAL-PB
words and another 200 words from CID W-22 test were taken and common words between
them were eliminated. These were then administered on 56 adult listeners in the age range of
16 to 25 years. Results revealed that 100% correct response was obtained at 42 dB SL(re:
SRT) for adults.
1.3.2 Phonetically balanced word lists in Hindi language

De (1973) compiled and standardized test material for speech audiometry in Hindi
language for adults. He developed six phonetically balanced word lists. He obtained the test
materials from various sources such as newspaper and dictionary. He collected CV, VC and
CVC monosyllabic words. From these, unfamiliar or difficult words were discarded. He then
developed 18 lists of 50 words each and balanced them phonetically in such a way that each
word list with 50 words contained vowels in the same proportion as has been obtained in the
phonetic analysis. The proportion of initial consonant were checked and suitable consonants
were substituted so as to make the percentage of initial consonants in the list conform to the
percentage obtained in the statistical analysis. The words were then rearranged in such a way
that the list was homogenous. After the lists were rearranged, the word list was tested on
normal Hindi speaking adults. These six phonetically balanced lists of words were then

finalized to be used clinically.
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1.3.3 Speech identification test lists in Tamil language

Samuel (1976) developed monosyllabic PB word lists in Tamil language. The words
were chosen from a list of familiar words given by Rajaram (1972). These words were then
given to ten native Tamil speakers for familiarity rating which resulted in 80 words rated to
be familiar. The number of words was then increased to 100 by repeating some of the words
that were rated as familiar and four lists of PB word lists were arrived at. The lists were then
standardized on 30 listeners with normal hearing and native speakers of Tamil who obtained
maximum scores at 35 dB SL (re: SRT).
1.3.4 Speech identification test materials in Manipuri language

Devi (1985) developed speech identification material in Manipuri language. Due to
lack of studies on frequency of occurrence of speech sounds in Manipuri language, the lists
were not phonetically balanced. The author selected various monosyllabic words from
various sources such as magazines, books, phonetic reader book and normal conversational
speech and gave it for familiarity rating to 10 normal native speakers. 100 monosyllabic
words were chosen for construction. Four lists of monosyllabic words with 25 test items in
each list were arrived at. Scrambling of these lists was made. These lists were administered to
five individuals with normal hearing at different intensities. Maximum scores were obtained
at 40 dB SL (re: SRT).
1.3.5 Speech identification test in Bengali language

Speech identification test material in Bengali was developed by Ghosh in 1986.
Seventy-five familiar monosyllabic words were collected. They were divided into three lists
of 25 words each. Each of these lists were randomized into five lists and presented at
different intensities on six subjects in the age range of 18 to 25 years. Maximum scores were

obtained at 40 dB SL (re: SRT).
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1.3.6 Speech identification tests in Kannada language

Phonemically balanced word lists for adults in Kannada, developed by Yathiraj and
Vijayalakshmi (2005), contained four lists iterated to form eight lists with 25 words each.
This test is phonemically balanced and list equivalency has been assessed on 100 listeners

with normal hearing sensitivity.

This is being used for routine hearing and hearing aid evaluation of clients speaking
Kannada language. These lists are adequate for the routine diagnostic evaluation. However,
for hearing aid trial and research purposes, limited number of word lists will risk the testing
results with familiarization. In addition, practice/learning effects are associated with
randomization and reuse of the same items. Tillman and Carhart (1966) have indicated that a
test material should have many lists in order to avoid familiarization. This also prevents
measurements and comparison of performance in multiple experimental or clinical
conditions. Hence, the present study aimed at developing more number of phonemically

balanced word lists for adults in Kannada language.

1.4. Need for the study

The test developed by Yathiraj and Vijayalakshmi (2005), as mentioned earlier, has
four lists. However, four lists iterated to form eight lists are not adequate when a person is

tested in hearing evaluation (diagnostic) as well as for hearing aid trial.

Further, improvements in hearing device technology have increased the number of
features in a hearing device. When these features or parameters have to be evaluated and
compared on a number of conditions, a large number of such word lists are mandatory. Thus,
the aim of the present study was to develop more number of speech lists to evaluate the

hearing and hearing aid features.
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1.4.1 Aim and Objectives

To develop and standardize word test material in Kannada language. The specific

objectives were:

1. To develop a large set of word lists in Kannada language for adults
2. To standardize the developed lists in quiet and in noise, and

3. To assess the clinical utility of the test.
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2. METHOD

The current study was carried out in two phases- 1) Development of word lists; 2)

Standardization of the word lists.

2.1 Development of the word lists
2.1.1 Collection of words
A pool of 1200 bi-syllabic Kannada words were collected from various sources such
as text books, dictionary, magazines, and also from the corpus developed by Central Institute
of Indian Language. Proper nouns, words related to politics or war were not considered in the
preparation of word lists.
2.1.2 Familiarity rating
The collected words were then checked for familiarity rating. For this, 15 native
speakers of Kannada rated all the words using a five point (1-5) rating scale. The ratings were
as follows:
= ‘5’ being most familiar (words known well and used more frequently in
conversation)
» ‘4’ being familiar (words known well but not used often in conversation)
» ‘3’ being familiar but not used every day (words known but not used in
conversation)
= 2’ being not familiar and (words heard but meaning not known)

» ‘]’ being unknown.(words never heard)

Reponses from all the individuals were compiled and words that were rated as ‘most
familiar’, ‘familiar’, and ‘familiar but not used every day’ were considered to construct the

word lists. Out of the 1200 words a total of 820 words were selected based on this criterion.

2.1.3 Recording

All the selected words were recorded by a native female speaker having normal voice
and clear articulation. The recording was done in quiet in an acoustically treated room. The
speech material was recorded using the Computerized Speech Lab (CSL) system with a high
fidelity microphone placed 10 cm from the mouth of the speaker. The waveforms were
digitized with a 16 bit A/D converter at a sampling frequency of 44,100 Hz. The speaker was
instructed to pronounce the words in a natural, clear manner and neutral intonation, while
maintaining constant vocal effort. The each recorded word was normalized to 0 dB by using
Adobe Audition software version 3.0. A calibration tone of 1000 Hz was generated in Adobe

16



Audition software version 3.0, normalized to 0 dB, and added at the beginning of each word
list.

2.1.4 Test of equality between words

To ensure that all the words being used to construct the lists are of equal difficulty,
the considered words were administered in four different sensation levels (SLs) (0 dB, 10
dB and 20 dB and 40 dB SL) (re:Pure Tone Average). Equivalency of the material developed
is an important issue that needs to be addressed while developing test material for speech
audiometry. Generally, this has been demonstrated for a large number of test material that
have been developed in quiet condition (Tillman & Carhart, 1966; Hurley & Sells, 2003;
Stockley & Green, 2000; Stuart, Green, Phillips, & Stenstrom, 1994; Wilson, Coley, Haenel,
& Browning, 1976).

In literature, it has also been shown that when word recognition testing is done in
presence of background noise, the list equivalency does not remain the same (Chermak,
Pederson & Bendal, 1984; Chermak, Wagner, & Bendel, 1988; Gengel, Miller, & Rosenthal,
1981; Loven & Hawkins, 1983; Ripply, Dancer, & Piltenger, 1983; Schubert & Stenhjem,
1978). Further, in quiet condition, one can expect the possibility of observing a ceiling effect
for the lists administered on individuals with normal hearing sensitivity. This might obscure
the inter-list equivalency. Hence, the word equivalency was also measured in different signal-

to-noise ratios (SNRs).

2.1.5 Generation of noise and testing words for equivalency in the presence of noise

Noise used for the above testing was generated such that it represents the long-term
averaged spectrum of the speech stimulus used in the present study. This was done by
extracting long-term averaged speech spectrum of all the words using MATLAB software
(version 7.8.0.347). The white noise was filtered to mimic the extracted LTASS. This noise
was used along with the words to result in -5 dB, -3 dB, 0 dB and +3dB SNR.

The words were routed through a personal computer and delivered through Senheisser
HDA 200 headphones via a calibrated audiometer. All the words were presented at each of
the four SNRs to five individuals with normal hearing, at their most comfortable level.
Different individuals were considered for each SNR making a total of 20 normal hearing
participants, mean age of 23.24 years with age range of 18 to 30 years, who had pure tone

thresholds within 15 dB HL and speech identification scores above 90 % in quiet. These
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participants did not report any history of otological problems and understanding speech in
presence of noise. All individuals taken for the study had no otological complaints and
history. This was confirmed with the routine hearing evaluation done with a dual channel
audiometer GSI 61 coupled with acoustically matched TDH 39 headphones housed in MX-
41 AR ear cushions and B71 bone vibrator in an acoustically treated double room. A
calibrated GSI Tympstar middle ear analyzer was also used for obtaining tympanogram and

acoustic reflex threshold

Pure tone air-conduction thresholds for each participant were established in octave
frequencies from 250 Hz to 8000 Hz, using the modified Hughson and Westlake method
(Carhart & Jerger, 1959). Bone-conduction thresholds were also established using the same
method for octave frequencies from 250 Hz to 4000 Hz. Speech recognition threshold with
Kannada paired-words and speech identification with phonemically balanced word list
(YYathiraj & Vijiyalakshmi, 2005) were measured. The tympanometric measurements were
done using a probe tone of 226 Hz at 85 dBSPL to evaluate the status of the middle ear. For
acoustic reflex measurement, reflex eliciting tones of 500, 1000, 2000 and 4000 Hz were
presented both ipsilaterally and contralaterally to find out the presence or absence of
acoustic reflexes. A significant change of admittance value of greater than 0.03 ml was
considered as the criterion for the presence of reflexes. Five participants were selected for
each of the four SNRs. The words were presented monaurally to either left or right ear
chosen randomly. All the participants were instructed to repeat the words presented. The
SNR at which an average of 50% response was obtained was considered for further
evaluation. Again at the same SNR, all the words were administered to 10 different
individuals having normal hearing. The responses for all the words were then compiled and
only those words that were repeated by at least 50% of the participants were finally used to

construct the word lists.

2.1.6 Phonemic balancing

Ramakrishna et al. (1962) provided data for the frequency of occurrence of the
phonemes in Kannada language. Though their study provides information on the frequency of
occurrence, the study was carried out about 50 years back. Hence, a pilot study was carried
out to find out the relative frequency of occurrence of all the phonemes in Kannada language.

This was done to verify if the same data provided by Ramakrishna et al. holds good even
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now. A database containing 15,000 speech sounds was collected from printed text and
conversation. The frequency of occurrence of all the vowels and consonants were then
derived from the collected sample. The data thus obtained were compared with the data given
by Ramakrishna et al. (1962). No significant difference was observed on t-test between the
two (p>0.05). Hence, the data provided by Ramakrishna et al. (1962) was used to
phonemically balance the word lists. Twenty-five lists of bi-syllabic words were constructed

with each list having 25 words.
2.2 Standardization of the word lists in quiet
2.2.1 Standardization on participants with normal hearing in quiet.

The constructed word lists were presented in quiet to 65 individuals with normal
hearing sensitivity in the age range between with the mean age of 26.3 years ranging
between 18 years to 55 years. The calibration tone was played and the gain for external
stimuli was adjusted such that VU meter deflection was maintained to 0. A dual channel
audiometer GSI 61 coupled with acoustically matched TDH 39 headphones housed in MX-
41 AR ear cushions and B71 bone vibrator was utilized to estimate the pure tone threshold,
speech recognition threshold with Kannada paired-words and speech identification with
phonemically balanced word list (Yathiraj & Vijiyalakshmi, 2005). A calibrated GSI
Tympstar middle ear analyzer was used for obtaining tympanogram and acoustic reflex
threshold. The test stimulus was presented using a personal computer (32 bit Lenovo laptop)

and delivered through Senheisser HDA 200 headphones of a calibrated audiometer.

Pure tone air-conduction thresholds for each participant were established in octave
frequencies from 250 Hz to 8000 Hz, using the modified Hughson and Westlake method
(Carhart & Jerger, 1959). Bone-conduction thresholds were also established using the same
method for octave frequencies from 250 Hz to 4000 Hz. The tympanometric measurements
were done using a probe tone of 226 Hz at 85 dBSPL to evaluate the status of the middle
ear. For acoustic reflex measurement, reflex eliciting tones of 500, 1000, 2000 and 4000 Hz
were presented both ipsilaterally and contralaterally to find out the presence or absence of
acoustic reflexes. A significant change of admittance value of greater than 0.03 ml was

considered as the criterion for the presence of reflexes.
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2.2.2 Administration of developed word lists in quiet.

The individuals were administered with all the 25 lists in quiet. The words were routed
through a personal computer and delivered through Senheisser HDA 200 headphones of a
calibrated audiometer. The words were presented at 40 dB SL (Ref: PTA) to 65 participants
with normal hearing sensitivity. The participants were instructed to repeat the words and the
responses were recorded on a scoring sheet. Every correct response was given a score of 1
and a score of 0 was given for incorrect responses or failure to repeat the word. The word
lists were also presented to 20 individuals with normal hearing sensitivity out of the 65
participants. This was done at 0 dB SL, 10 dB SL and at 20 dB SL in order to obtain a
psychometric function of performance with the word lists across intensity levels, i.e., PI-PB
function. The order of presentation of word lists was randomized in order to avoid order
effect. In order to avoid practice effect, the word list was first presented at 0 dB SL and then
at 10 dB SL. The testing was done at 20 dB SL after a break of at least five days.

2.2.3 Standardization on participants with normal hearing in noise

The data were collected from native speakers of Kannada, i.e., adult listeners in the age range
from 18 to 55 years with a mean age of 33.8 years. The present study incorporated a different
group of 100 individuals with normal hearing sensitivity and middle ear function. All the
evaluations were carried out in an air-conditioned, well illuminated and double room
acoustically treated suite with the same equipment, procedure and criteria for selection of

participants as explained in the Section 2.2.1.Administration of developed word lists at quiet.

The individuals were administered with all the 25 lists in presence of noise, at -3dB
SNR. An SNR of -3 dB was chosen based on the pilot study, done in order to select equally
difficult words for constructing the word lists. This yielded an average of 50 % correct
response at this SNR. The words were routed through a personal computer and delivered
through the headphones of a calibrated audiometer. The participants were instructed to repeat
the words and the responses were recorded on a scoring sheet. Every correct response was
given a score of 1 and a score of 0 was given for incorrect responses or failure to repeat the

word.
2.2.4 Standardization of word lists on participants with hearing impairment

The group with hearing impairment consisted of 40 participants with acquired

sensorineural hearing loss having a flat type of configuration in one or both ears. The group
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with hearing impairment consisted of ten individuals with age ranging from 18 to 55 years in
each of the different degrees of hearing loss i.e., mild, moderate, moderately-severe and
severe. The ears were selected randomly if the loss was bilateral or the ear having the
required degree of hearing loss was selected for the study. If masking was required,
maximum effective masking was provided in the contralateral ear. The configuration of
audiogram was restricted to flat type. The speech identification scores were in agreement
with the degree of hearing loss, suggesting a cochlear hearing loss (Dubno, Lee, Klein,
Matthews, & Lam, 1995). All the participants had ‘A’ type of tympanogram and reflexes
appropriate to their degree of hearing loss, either present, elevated or absent. All the
participants had normal speech and language abilities as reported and observed.

Killion (1997) reported that individuals with hearing impairment have poorer
recognition scores even in quiet condition. Individuals with mild hearing loss require higher
SNR than those with normal hearing in the presence of noise, even when the testing is done at
higher intensity levels (Killion, 1997). Hence, in the present study, the testing was done only
in quiet for individuals with hearing loss. Administration and scoring was similar to Section
2.2.1.The scores obtained by the participants having different degrees of hearing loss in quiet
were compared with scores obtained by individuals with normal hearing sensitivity, at 40 dB

SL.

e Descriptive statistics was done to see whether all the lists were equivalent in
quiet and at — 3 dB SNR

o Repeated measures ANOVA and Post-hoc Bonferroni tests were done to
identify the lists that were not equivalent in quiet and at -3 dB SNR.

e Descriptive statistics was done for the final lists that were administered with
participants with normal hearing and participants with hearing loss.

e Kruskal Wallis and Mann Whitney U tests were administered to compare the
scores obtained between participants with normal hearing and participants

with hearing loss; and also between various degrees of hearing loss.
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3. RESULTS AND DISCUSSION
Standardization of the word lists in quiet on 65 individuals with normal
hearing sensitivity was done at 40 dB SL. Table 3.1 gives the mean and standard deviation

(SD) of number of words correctly repeated for each of the 25 word lists.

Table 3.1

Mean and SD of speech identification scores (Max. score = 25) for 25 lists in individuals

with normal hearing (N=65)

Mean | SD Mean SD Mean | SD
List1 | 24.73 | 0.69 Listll | 24.41 | 0.67 List21 | 23.88 | 2.72
List 2 | 24.56 | 0.69 List12 | 24.65 | 0.57 List22 | 24.56 | 0.76
List 3 | 24.33 | 0.87 List13 | 24.51 | 0.85 List23 | 24.58 | 0.53
List4 | 24.61 | 0.82 List1l4 | 24.56 | 0.78 List24 | 24.50 | 1.08
List5 | 23.96 | 1.00 Listl5 | 24.41 | 0.88 List25 | 24.38 | 0.95
List6 | 24.15 | 0.95 Listl6 | 24.55 | 0.85
List 7 | 24.53 | 0.70 Listl7 | 24.45 | 0.89
List 8 | 24.56 | 0.81 List18 | 24.33 | 0.95
List9 | 24.65 | 0.79 List19 | 24.56 | 0.56
List 10 | 24.46 | 0.87 List20 | 24.15 | 3.00

Repeated measures ANOVA was carried out to see if there was any difference
between the word lists. The test revealed that there was a significant difference in
performance across the lists (F 24, 1416 = 2.766) , p<0.001) revealing a main effect of the
lists. Hence, post-hoc Bonferroni pair-wise comparison was done to identify the list/s that
differed significantly. The results revealed that only List 5 was significantly different from
Lists 1, 2, 4, 7, 9, 12, 14, 19, 22, 23, and 24. (Table 3.2), Hence, it was inferred that the
remaining 24 word lists can be used in quiet. The list that differed from the other lists (List 5)
can be used as practice list. These 24 + 1 word lists are given in the Appendix.

The scores obtained at 40 dB SL are around 98% for all the 24 lists. Similar findings

ware report in literature. In a study by Ullrich and Grimm (1976), it was reported that
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individuals with normal hearing sensitivity obtained a maximum score of about 99.7% at
MCL. Beattie, Edgerton, and Svihovec (1977) obtained speech discrimination score of
approximately 95% at 32 dB SL for individuals with normal hearing sensitivity upon
administration of CID W-22 and NU-6 test materials on them.

Table 3.2

Bonferroni pair-wise comparison across 25 word lists in quiet.

Groups | Groups | Mean Difference | Standard | Significance

(A) (B) | Of scoresof (A-B) | Error (p)
1 0.767* 0.141 0.000

5 2 0.600** 0.137 0.015
4 0.650** 0.154 0.025
7 0.567** 0.139 0.043
9 0.683** 0.155 0.013
12 0.683* 0.131 0.001
14 0.600** 0.124 0.003
19 0.600** 0.141 0.023
22 0.600* 0.112 0.000
23 0.617** 0.139 0.012
24 0.533** 0.115 0.006

Note: *p<0.001; **p<0.05
The psychometric curve was drawn for the mean scores obtained for each
word list across the four SLs (Fig.3.1.1). A sigmoid curve was obtained for the 24

word lists.
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Fig 3.1.1: Graph showing psychometric function curve for different word list
represented as different coloured curve and blue dots indicating mean scores.

Standardization of the word lists on 100 individuals with normal hearing sensitivity
was done at -3 dB SNR. Table 3.3 gives the mean and standard deviation (SD) of number of
words correctly repeated for each of the 25 word lists.

Table 3.3

Mean and SD of speech identification scores (Max. score = 25) for 25 lists in individuals

with normal hearing (N=100)

SIS SIS SIS
Mean | SD Mean SD Mean | SD
List1 | 10.05 | 2.02 List11 | 10.31 | 1.78 List21 | 11.07 | 1.81
List2 | 12.19 | 2.84 List12 | 12.64 | 2.06 List22 | 12.22 | 2.50
List3|11.34 | 2.61 List13 | 11.22 | 2.37 List23 | 11.70 | 2.10
List4 | 11.23 | 2.00 List1l4 | 11.70 | 1.81 List24 | 11.45 | 2.24
List5|11.34 | 3.17 Listl15| 11.70 | 2.24 List25 | 11.94 | 1.89
List6 | 11.22 | 2.28 Listl6 | 12.24 | 2.21
List7 | 12.84 | 2.82 Listl7 | 10.64 | 2.16
List8 | 10.42 | 2.13 List18 | 11.30 | 1.96
List9 | 10.96 | 2.30 List19 | 11.78 | 2.47
List 10 | 11.71 | 2.70 List20 | 11.81 | 1.86
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It can be observed from Table 3.3 that the mean SIS does not vary much across the lists
except for list 1, 7 and 12. The SD is also uniform across the lists except for List 5. To
determine if the difficulty level was similar across lists or if there was any statistical
difference across lists, the difference between each individual’s score for each list and the
listener’s mean score i.e., scores averaged for all the lists for that individual, was calculated
to obtain modified mean scores. This is one way of statistically comparing the scores between
different lists (Spahr et al., 2012). Table 3.4 presents the mean and SD of these modified
mean scores. Repeated measures ANOVA was done on these modified mean (MM) values to

see if there was any difference between the lists.
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Table 3.4

Average and SD of Modified Mean (N=100) of word recognition scores.

MM | SD MM | SD MM SD

List1 | 1.60 | 0.99 List1l | 1.47 | 1.02 List21 | 1.10 | 0.71

List2 140 | 1.13 Listl2 | 1.66 | 1.20 List22 | 1.47 |1.08

List3|1.28 | 0.77 List13 | 1.24 | 0.65 List23 | 1.07 | 0.81

List4 | 0.91 | 0.73 List14 | 1.15 | 0.89 List24 | 1.14 | 1.03

List5] 1.70 | 0.90 Listl5 ] 1.15 ] 1.12 List25 | 1.07 ] 0.94
List6 | 1.29 | 0.89 List16 | 1.33 | 0.82
List7 | 1.65 | 1.52 Listl7 | 1.43 | 1.07
List8 | 1.40 | 0.99 List18 | 1.20 | 0.85
List9 | 1.26 | 0.87 List19 | 1.41 | 1.10
List10|1.32 |1.14 List20 | 1.33 ] 0.92

It can be observed from the Table 3.4 that the deviation from the average mean score
and the SD for all the lists showed similar values. However, the repeated measures ANOVA
revealed that there was a significant difference in performance across the lists [F (24, 2376) =
4.526, p<0.001], revealing a main effect of the lists. Hence, post-hoc Bonferroni pair-wise
comparison was done to find out the lists that differed significantly. The results of the pair-
wise comparison are given in the Table 3.5. The results reveal that List 1 was significantly
different from the Lists 4, 21, 23 and 25; and List 4 was significantly different from the Lists
1,2,5,7,8, 11,12, 16, 17 and 22. Further, List 5 was significantly different from the Lists 4,

13, 14, 18, 21, 23, 24 and 25; and List 12 was different from the Lists 4, 21, 23 and 25.
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Table 3.5

Bonferroni pair-wise comparison across 25 word lists at -3 dB SNR.

Groups | Groups | Mean Difference | Standard | Significance
(A) (B) (A-B) Error (p)
Listl | List4 0.694** 0.128 0.000
List 21 0.505* 0.128 0.044
List 23 0.528* 0.123 0.012
List 25 0.530* 0.133 0.041
List4 | Listl -0.694** 0.128 0.000
List 2 -0.490* 0.122 0.035
List 5 -0.795** 0.117 0.000
List 7 -0.740* 0.173 0.013
List 8 -0.487** 0.094 0.000
List 11 -0.565** 0.115 0.001
List 12 -0.749** 0.143 0.000
List 16 -0.417* 0.105 0.038
List 17 -0.523* 0.129 0.030
List 22 -0.557** 0.117 0.002
List5 | List4 0.795** 0.117 0.000
List 13 0.468* 0.110 0.014
List 14 0.550** 0.121 0.005
List 18 0.500* 0.116 0.011
List 21 0.606** 0.104 0.000
List 23 0.629** 0.112 0.000
List 24 0.562* 0.141 0.039
List 25 0.631** 0.131 0.001
Listl2 | List4 0.749** 0.143 0.000
List 21 0.560** 0.121 0.003
List 23 0.583** 0.130 0.006
List 25 0.586** 0.133 0.008

Note: * p<0.05; ** p<0.00

One of the requirements of word lists for speech audiometry is equivalency between
the lists. Hence, the lists 1, 4, 5 and 12 were eliminated from the test. Repeated measures
ANOVA for the final 21 lists was done in order cross-check the equivalency. The results

revealed no significant difference [F(20, 1960)=2.565, p>0.05]. Hence, all these 21 word lists

were retained in the final test.
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After removing the lists 1, 4, 5 and 12, the normative performance of the 100
individuals with normal hearing sensitivity at -3 dB SNR was 11.51 (mean value of the
number of words correctly repeated), which is 46.04%,. Wilson, McArdle, and Roberts
(2008) compared the speech recognition performance in speech spectrum noise using CID W-
22, NU-6 and W-1 spondaic words. They found the 50% point to be around 1 dB SNR. This
is comparable to the results found in the present study. In the present study, around 46% was
obtained at -3 dB SNR, the 50% would be at SNRs higher than -3 dB. All the 21 equivalent
lists are renumbered and given as List 1 to List 21 in the Appendix.

In Phase 11, The clinical utility of the test material developed was evaluated on 40
individuals with hearing loss; i.e., clinical group with mild, moderate, moderately-severe and
severe sensorineural hearing loss, with ten participants in each degree of hearing loss. This
was also tested and in 40 individuals with normal hearing sensitivity who were not part of the
test earlier. Thus, including the normal group, there were a total of five groups assessed in
this phase. Table 3.6 gives the mean and SD of correctly identified words (average value for
all the lists) for all the five groups. Though data were collected for all the 25 word lists in all
the groups, the results are presented only for the equivalent 24 lists as these were included in

the final test material.
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Table 3.6

Mean and SD of speech identification scores (SIS) (Max score = 25 or 100%) by the five

groups.
Groups Number Age Mean SIS SD
in years ( percentage scores)
Mean
(Range)
Normal hearing 40 28.2 24.66 (98.64% ) 0.24
(18 to
55)
Mild hearing loss 10 36.7 23.58 (94.32% ) 0.45
(22 to
56)
Moderate 10 525 18.85 (75.50 %0) 0.78
hearing loss (23to
60)
Moderately 10 51.4 15.16 (60.64 %) 1.27
severe hearing (35to
loss 61)
Severe hearing 10 57.8 10.53 (42.12 %) 0.37
Loss (41to
71)

From Table 3.6, it can be observed that the mean word recognition scores decreased
with increase in severity of hearing loss. The scores are similar for the groups with normal
hearing and mild hearing loss.

Kruskal-Wallis statistical analysis was done to evaluate if the difference in mean word
recognition scores between the groups was statistically significant. The results revealed that
statistically significant difference between groups was present between the groups for all the
24 lists (p<0.01). Hence, pair-wise comparison was made using Mann-Whitney U test. Table
3.7 presents the results of this. The table shows that the difference in speech identification

scores was significant (p<0.01) between all the groups.
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Table 3.7
Significant difference between the five groups of participants (Mann Whitney U test)

Groups Groups Z Significance
(A) (B) (P
Mild HL Moderate HL -3.79° 0.00
Moderately-severe HL | -3.79" 0.00
Severe HL -3.84 0.00
Normal -4.917 0.00
Moderate HL Mild HL -3.79° 0.00
Moderately-severe HL | -3.78" 0.00
Severe HL -3.84" 0.00
Normal -4.917 0.00
Severe HL -3.84" 0.00
Normal -4.917 0.00
Moderately Severe HL Normal '4'91: 0.00
Severe HL -3.84 0.00
Severe HL Normal -4.91 0.00

Note: *p<0.000

In the present study, the group with normal hearing obtained a mean Speech
Identification Score of 98.64% when the lists were presented in quiet at 40 dB SL. Similar
findings were obtained by Beattie, Edgerton, and Svihovec (1977). They obtained speech
discrimination score of approximately 95% at 32 dB SL for individuals with normal hearing
sensitivity upon administration of CID W-22 and NU-6 test material on them.

It can also be observed that the scores follow a decreasing trend as the degree of loss
increased, with highest scores obtained for mild group and lowest score for the severe group.
Beattie, Barr, and Roup (1997) found that subjects with mild-to-moderate hearing impairment
obtained a score of 85% in quiet condition upon administration of CID W-22 word lists.
These results are similar to the results obtained in the present study. In the present study, a
score of 85% was obtained when the mild and moderate groups were combined.
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Further, the effect of severe hearing impairment on speech identification scores is
well known. The drastic decrease in speech identification ability in these individuals may be
attributed to the loss of cochlear non-linearity, decreased frequency selectivity, decreased
temporal resolution, increased upward spread of masking and possible presence of dead
regions (Moore et al., 2000; Moore, Lynch & Stone, 1992; Plomp, 1994). Some of these
factors could result in poor speech perception even in quiet (Pekkerinan, Salmivalli, &
Suonpa, 1990). Hence, it can be inferred that the developed material is sensitive to
differences in speech identification abilities across different degrees of hearing loss.

Based on the above results, the word lists numbering were reorganized such that the
lists that were finalized and can be used for testing were put in the beginning. All the 25
word lists are provided in the Appendix A. For convenience, the word lists are re-named and
numbered so that they can be used in quiet and in noise. The word lists 1 to 21 (renamed as
AKW List 1 to AKW List 21) and practice list 1, 2 and 4 (renamed as AKW List 22, ARF
AKW List 23, AKW List 24) can be used for testing in quiet (given in Appendix B) and lists
1to 21 (AKW List 1 to AKW List 21) can be used for testing in noise (given in Appendix C).
The practice list 3 (AKW Practice List) can be used as practice list while testing in quiet and

in noise.
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4. SUMMARY AND CONCLUSION

The phonemically balanced (PB) words list is an important tool in the regular speech
identification testing in audiological test battery. The study was aimed to develop multiple PB
word lists in Kannada language. In Phase I, a total of 1200 bisyallabic Kannada words were
taken from various sources and out of these words 769 words were considered for
constructing phonemically balanced word lists based on word familiarity rating and equal
difficulty of words. The words were administered at different SNRs to check the equivalency.
At — 3 dB SNR, 769 words out of 1,200 words were found to have equal difficulty. Finally,
25 PB lists with 25 words each were constructed that were equivalent.

In Phase 11, these lists were administered on 65 individuals with normal hearing and
another 100 individuals with normal hearing at -3 dB SNR for the standardization of these
lists. Out of the 25 lists, one list was found to be significantly different from others in quiet.
Four lists out of 25 lists were found to be significantly different in the speech identification
scores at -3 dB SNR.

In Phase 1lI, these lists were tested for the clinical utility. A total of 40 individuals
with normal hearing and 40 individuals with different degrees of hearing impairment were
administered with all the 24 lists. There was a significant difference between individuals with
normal hearing sensitivity and individuals with hearing impairment. There was also a
significant difference between the different degrees of hearing impairment, with poorer
scores for higher degrees of hearing loss.

Hence, these developed and standardized 24 PB word lists can be used in quiet and 21
PB word lists can be used in noise conditions in Kannada for adults during the routine
speech identification testing. These lists can also be used for assessing hearing aid benefits

and for research purposes which requires multiple word lists.
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APPENDIX A

)| List1 List 2 List 3 List 4 List5
no.

L. Qe dirna Eite) suri T pode dod rembe o3 hada
2. 33 tfitta B03 fapke | 2deed | dzoila Bord | dangu D) karvu
3. e mo:sa 3 dani A masi o padja mo® gali
4. o3 paura | @) | tarvu 23 bara 53 file J3 rakta
5. = nuggu 3O kali 33 datta o8 hidi 33 tene
6. e | maitu Sees no:ta 004 lantfa e guna ed mani
7. | Beey | kobbu | 3,1 kaige 3 sasi 303 tuka ARY, solle
8. Jes veile 3% tala gl geddu | Beeed | koige 23eel tfirti
9. | Ferte | marga 30d daje Sord | nupgu e ni:tfa le) pudi
10. | =9b nari Doy | pavu 3,0 vairi 20 mari 3ed bere
- kanje D3 sutta 3es dani 33 kada Soe) ka:la
12.| =3 vaida Ded bidi | Zoode | kamja adort juga S vanja
13.| =3¢ varte | @Y | manpu | D) na:vu Sox | mavu Jon sanga
14. S sele al~g gadja 3 taggu o) siri dred ro:ma
15,1 B3 dita Toew sa:lu 333 raste T taslu Zed | [floka
16. | =20 dzaja | &S | mauna n3 gati oot | vadja OO dza:la
17.1 303 kanda | @3¢ | darze o] vira 3=, tinnu N nidde
18. 1 o33, lekka orta ra:gi GorlA) ha:di 33 tfakra 3eJ dwra
19. | Zeo fuwla 3ded tfuri Je semne Jed sewve 303 tanti
20. | mo¥ ha:le B hani b jama don na:ga SPe) | maulja
211 Dedd razja o3 | dzava a3, dikki 3,3 daiva 33 vana
22.1 & dudi ne gadi e vaira 23 dzille B daja
23. | Rom simha 33, rekke | Bes; | funja e nara it} guri
24. | nes gani (3T laja 03 late B hale 3 savi
25. ne galla =0 vara B ka:lu [d) sala na gedda




Slno. | List6 List 7 List 8 List9 List 10

L. 3D dattu 2 furu dexy) | tfwpu | oD sa:ku @) | duddu
2. B3 kana 2ed dzi:vi 3] hane ot | manga 323 radze
3. X, dzanma | Fed koda (AL bella Gople] haire 33 futfi
4. 30 sari c3e darpa N dzagi 2300 tfindi | S»x) | muddu
5. 33 dada | o | dumbi | Bod | dande le giri 3ox) | tampu
6. Qo) sarvu ed seiri Vo3 nauke | S¢S ma:le 33, nakka
7. 33 bele ot | hennu | 0ed rizti 3o | tindu 26 sanna
8. Soad kaija I3 sati Ted dwru et | joiga (Alela) banda
9. afe) dara DS mana | 0200 | maije Je3 nata 3R toila
10. Sord tengu 23e3 tfata 30 kali Qe | bidza | e kizvu
11. 3ed dewvi 30 kela I3 sarva o3 na:fa BT hora
12. Brees koite 39 tili wple} tare I3 sere T saila
13. o tamnu o3 ninta APIXY daitu 3633 teva 33 vrata
14. 33 vafa APTS) vaisa B palja ey ganja | B8 | kusu
15. Mm% gaila 090 da:ri 3en veiga AT vadza arIn] ga:de
16. A sadja Ha gupta | Zwed | [oka T3 pa:da 2 maga
17. ) nanna ]S nele 003 daita DY, kulla e lina
18. Aed) girru mood gasja arlo) ga:li 3 tani 3w jukti
19. ADE:S bathja | @eew pa:lu e nizvu A drava &0 krije
20. TR ha:lu @8 | dvara | DY suli W88, | tfakke | oon la:ga
21. Tord sa:gu adna juva nod ganda | &eed | soru 03 dina
22. %, matftfe | M= gamna 33 deva Dees lizle Sork, | vengja
23. 30e3¢ kurtfi Jend be:ga Sy | sainja S navja &) hittu
24. o® la:li dee | roiga no gari 33 kode 3RY kole
25. 20 puri S, | vaidja | Qe¥ nizla 3% dala 33 ranna




S1 | List11 List 12 List List 14 List 15
no. 13
L | @od |tagu 8ex)r | tirpu ®3 hara AT, sippe ned guide
2. | 39 tfali oel lazti 3D ku:gu (~plod dzarru TN sasja
3. |z ka:du rArIei)) baiji Zo00 fazji BR03 konda 23963 dzama
4 dew billu 2n dzaga | 3eg donne ArL baili KNe; tira
5. | ded, | rokka 33 karu 30 kara 3ed) tattu 3Q) kaddu
6. 30 faili 303 vamfa | e miise Te3, ratftfe VD) mava
7. Ty | sadzdzu | deen ro:gi Sy naidzja BR023 kontfa J9;0d njaija
8. | Z0ed | mori | Seoxd | mamsa | Sed beiru D) haddu eJexd le:pa
9. | 3D telu A vidje P vakja Bees fremi (O rasa
10.} Zes, | sonne 30 nali %2 | haudu D3 mana 30N tangi
11| odee | jougi B3R kola oz | rampa 30 kiri AP dave
12, 33 kasa oo jamna Srd nagu GOy tiarga | Seexy) | novu
13.| 28 tudi TR ha:su 33 sada AETS) ma:sa 33, kenne
41 = graha neP guli eed le:su 3,0 taila Mo | graima
15.| Jod | naru e sunna | eeEd luzti o | gandu BoE3 kavta
16.| oz daisa o) paxru na gadda 33 tada 33 nere
17. 33 nava T3 dwta | 0353, jaitre ors lagge 3D vasatu
18.| edpexd | lompa S, | namma | e mu:la D3 nada | @eo | hondu
191 Zob viagja | deed | dotfu | 3, | tamma DO nuli ried geli
20. R gavi Tod ra:fi %3 vetftfa | oodw vaiju 343 rat(tfe
21| o dami Se nela Nioj nidre 33 neva 2den tfellu
22.| Fpee | pwrna g gudde 39, talli [ saddu 3d) tiddu
23.1 Zod mudi 33 kavi e goilu 53 vjakti 203 fapa
L58)
24.| Joen | nantu | BRI donne €3 nati reeo | gomndu 0, balli
)
25.| e veida 33 tivi Do dindu 3,0 svara 200 fwra




SIno. | List16 List17 List 18 List 19 List 20
L e so:lu 230€3 tfasti 3D | krama | 2D kudi 333 kadda
2, 303 tode Beed | koia o hinde ned gatti 0% lala
Bed kani W) jatna a3 pitta Sed neira Cpte) taxdza
4. oD taisu oAl kaiji 3e3 de:fa B, | dimmi JINe svarga
5. B mu:ka Mo, ga:itra Ale] bare 3eY kallu 3o kandu
6. dee3 do:fa Nt bagge Zed | dzeda | Teae varna e70€3 lazti
7. ded ni:ti RBeed jouli 33, tfitra Sad) kitftfu RO galli
8. So0) ka:la Bord | tangu | ed seiru 33 dese 3 hage
9. 33 tfenna | QT dore nd guru Ale) bari ey | mevu
10. Zo0df | faurja | eead laja DI sute Se3 dziiva | od sandi
11. Aed girte o | maru B9 karvi 29,8 | fvasa | 3o kantu
12. 33, drufja | @d vasi O ninna | deed | todu | oded | jairi
13. B9, | dzvale | e sanna | Qewd sizlu O lipi Sod naja
14. 33 raddu AP tuli fed) | gottu | Do) | vastu | e | honnu
15. 2R, tollu 33, vakra | eleey’ lole Rvcle)) nuiru AR belli
16. ®n hagga | =ad) | nutftfu | Oon linga NG gida S, nenne
17. 33, vifva | @wed | hoda na gade 3% kale IaD vidja
18. 3”3 krwra | @598 | madi | Deew vailu wee) | balja 00 ra:d3i
19. 3od benda | pT pore 339 | kanjar | derh | moggu | med sari
20. @ guhe BOD handi | @ed | duku | ord | hagu DB madi
21. 23 pura e gone 33 vjakti | Qe | mina T3 pa:fa
22. N dzaiga | I vasu Botd | dantu | ooy | radzja | edeeee | tfurna
23. APTN! dama Bem | dvipa 6 banna | 3oxd | tanda | Jwd | muddu
24. ex, | mamja | Ced defi | Sveod | maija DY naile 3e33, tirvra
25. 3 save Jeew nw:lu NpIA] na:ve @od | pandja | Derd bigu




SIno. | List21 List 22 List 23 List 24 List 25
L 3D, tfippu | 3¢y | bevu 3, sikka 30 kare &) higgu
2, APINE) na:na 3ed kri:de o8 | madzi | DR hola 303 kenda
O huli TR he:lu 3€ parva Swg | mudde | Qew nila
4. eey | godsdsu| e |ladzdze | we¥ baile T tala 3 mare
5. 3, ta:lme B, sikku 3egd | dodda | Tz ru:pa 33, satva
6. JRd) sottu 3ne varga 33T tore oY namja | 2W¥peed | dzorru
7. T2 gubbi 33, tatava zoqd danda a3ee3 peita dez, | tfokka
8. Be3 ke:fa 53 fifu [ sama | ne® | gudu 33 vrutta
9. Bed keiri Sod | nanu | BRSO koli 0 | dzvara | oeed peite
10. Ao ninde | @eexld | dose 233 tfinna | @3 | hudde | obd jati
11. (aple) da:di rXio} tfira APY: datha DO suli AP} baile
12. 53 fira TR sa:da ole] nore 33, ratna 33, | nruga
13. ART) barvi no®d | gandzi | eiees loka 33 fava TP daili
14. ENR(A] saoude ) ninna derd re:gu Sy nitja oS, vastra
15. D) bali odeers, | jogia | ety | natja | Doed | mintfu | er} lagna
16. QeodE virrja 33 | kwru | Qod | nintu ALY bili ATIA budi
17. reecn go:nu ol | manda | ey hannu | obvon jaga PNo) nafe
18. ne gadza Jes? beile oon ra:ga 83y, dikku | @3 du:pa
19. o3, jantra O3 dina 33 dafa Do bila 33 vafa
20. B3e3 pata 3 mada | oo | lava | BF@ | dadda | JSord | rangu
21. Jeae seva Sries) la:du S satja 3t nage ] dege
22. 0 nari 3rd tole rbea), guttu 3D vastu | Bees | kome
23. 5003 ka:da ol rana Bey; falja [ sallu o® | gundi
24. L) valli @3, patti T vadi 30 kari | Beeen | koilu
25. 33, mudre ey vjaji Y, gulle na gadde Qed si:da




APPENDIX B

Note: To be used in Quiet.

Sl no. AKW AKW AKW AKW AKW
Practice Listl List2 List 3 List 4
List

L. 33 hada DO | suri | &pD | pode | IR | dattu | DD | furu
2. o) karvu 303 | fapke | 2dee¥d | dzola | 36 kana | ded | dziwvi
3. ark¥ gali 3 dani DA | masi | &3, | dzanma | Zed | koda
4. 03 rakta 3oy | tavu (Ale] bara | <O sari Q¢ | darpa
5. 33 tene 360 kali @3, | datta | 33 | dada | Dod | dumbi
6. el mani Jeee3 | nota | ©odd | lantfa | o) | sarvu | &ed | seri
7. Y, solle 3,1 | kaige B sasi | S bele @€y | hennu
8. e3ee3 tfirti 3% | fala 1) | geddu | Zaad | kaja | I8 | sati
9. 8 pudi zd0d | daje | Sord |nupgu | BT dara &S | mana
10. 3e3 beire Doxy | pavu | B0 | vairi | Sord | tengu | 33 | tfata
11. Boe) ka:la D3 | sutta el dani | Bed | dewi 30 | kela
12. S vanja Ded | bidi | Zovad | kawja | Beeed | koite 39 tili
13. Jon sanga D) | mannu | Dexy | navu | 3o | tamu | o3 | ninta
14. Qe ro:ma ng | gadja | 3y | taggu | 33 vafa | o= | vamsa
15. Zpes flokka oot | salu (o] raste | Mo%¥ galla | ©a0 | dari
16. 590 dza:la 3PS | mauna | 13 gati | & | sadja | I | gupta
17. N nidde 3¢ | darze | Jed | vira | & | nanna | S | nele
18. 3R] dwra oo | ragi | ®® | hadi | Nedd | giru | mead | gaija
19. 303 tanti ded | tfuri | e | seme | 23 | bahja | @eew | palu
20. RPey, maulja ®Q | hani | b | jama | HW | halu | ©T | dvara
21. 33 vana wed | dzava | 88 | dikki | @ord | sagu | odwd | juva
22. Bad daja n& | gadi | @3 | vawa | &3 | matftfe | MS | gamna
23. a¥le) guri 38, | rekke | Box | funja | @3 | kurtfi | eSert | bega
24. T savi wad | laja 03 late | €o® lali | deert | roga
25. I gedda 33 vara | B3R | kalu | 0 puri ;8 | vaidja




S1 AKW AKW AKW AKW AKW

no. List 5 List 6 List 7 List 8 List9
L. dexd) | tfupu ToR) sa:ku DR | duddu | Terd | tagu e hara
2. 3] hane on manga ol radze AP tfali B ku:gu
3. 230 bella Gorle) haire 2023 futfi o) ka:du Zo0D faiji
4. A dzagi 2300 tfindi S0 | muddu Dew billu 38 donne
5. afole] dande ate} giri 30®) tampu T3, rokka 33 kara
6. OB nauke IS ma:le 38, nakka 7,0 faili Qe miise
7. Oed rizti 30w tindu 36 sanna Ty | sadzdzu | Iy naidzja
8. B dwru | odeerd | joga 003 banda | Seed morri e be:ru
9. | Jedd | maije €3 nata Bee toila 3 telu PN vakja
10. 30 kali Qe bi:dza 36y kivu e, sonne T haudu
1. | I3¢ sarva o3 na:fa @3 hora adeen jougi Sox | rampa
12. | =8 taire o] sere T sala 33 kasa S|rd nagu
13. | meed da:;tu 3ed terva 33 vrata YA} tudi 33 sada
14 By palja ney ganja B3R kuisu n® graha eJed lesu
15. | Fen veiga 3 vadza s ga:de Spiel) naru €3 lusti
16. | Zpes foka =3 pada 3 maga APTS! daisa 13 gadda
17. | o3 daita DY, kulla Des lia 33 nava 353, jaitre
18. | md ga:li 3 tani 3w jukti dped lozpa Swee) mu:la
191 Qexy) nizvu af drava 300 krije ;0 vjaja 3, | tamma
20. | R suli 233, tfakke eront la:ga 1 gavi 3 vetftfa
21| Rod ganda | Seed | soiru AN dina APIN] dami 3, nidre
22. | Qe deva ees lile Sory, | vengja | @eesr | puirna 39, tadlli
231 B sainja S navja &t hiftu 300 mudi e go:lu
24. gte) gari 33 kode BpY kole Soed nantu X nati
25| Qe nizla 3 dala or] ranna 3e3 veida dod | dindu




S1 AKW AKW AKW AKW AKW
no. List 10 List 11 List 12 List 13 List 14

1. A, sippe ned guide eeew so:lu (5PIX tfazti S krama
2. ~pie)) dzaru SIS sasja 23 tode Bred ko:fa &0 hinde
3. Bp083 | konda 25963 dzama Bed kani D3, jatna 33 pitta
4. ARt baili 3ed tira oD taisu SodD kaiji 3e3 de:fa
5. 3e), tattu 3Q) kaddu | Sw3d | muka 3, gaitra T bare
6. Ted ratftfe VD) ma:va Bnee3 do:fa Alg} bagge 3eqd dze:da
7. 3ol | kontfa | Dyob | njaja ded nizti Bped jouli 33, tfitra
8. Q) haddu e le:pa Bo0) ka:la 3o | tangu Jed seru
9. el Jremi o7} rasa 3, tfenna (a0]e] dore [g¥ed) guru
10. | 23 mana 3oN tangi | ZPabf | faurja | eead laja D3 sute
11. 30 kiri AT darve Aed gizte oD | maru 500 ka:vi
12. | = tiaxga | &eexld | nowvu 33 drufja D0 varsi O ninna
13. | &’ | masa 33, kenne | 259, | dzvale 6 sanna | Qe silu
4.1 30 taila My | grama 3R) raddu DY tuli e gottu
15. | rRo@ | gandu S0E3 kavta | &)y | tollu =3, vakra | edeed | lole
1e. 33 tada 33 nere a1 hagga Dad), | nutftfu | Oon linga
17. or lagge 3D vasatu A3, vifva GO ho:da na gade
18. | o3 nada | @&eowd | hondu 3R, krura | <58 ma:di Toe vailu
19. 1 2o nuli ried geli Afeln) benda 2R3 pore CIaD) kanja:
20. | oadw vaiju 33 ratftfe g% guhe 30D handi Bed duku
21. 33 neva den tfellu 23 pura e gone 3 vjakti
22. | I saddu 3d) tiddu N dza:ga 3 vasu Boed dantu
23. 3 vjakti 503 fapa APTN! dama 8ed dvi:pa 6 banna
24. | peodd | gondu ALY balli ex, | mamja | Ted de:fi Se0d | maija
25. 2,0 svara tolole! fwra 33 save e nu:lu Vo3 na:ve




S1 AKW AKW AKW AKW AKW
no. List 15 List 16 List 17 List 18 List 19

L. A kudi 333 kadda 3, tfippu () bervu 3, sikka
2, ned gatti SpY lajla Joe | nama e krizde | @B | madsi
3. Jed neira TPt ta:dza ] huli BeR) he:lu 3¢ parva
4. B, | dimmi clala svarga | riew) | godzdzu | eed ladzdze | 2o’ baile
5. 3eD kallu o | kandu | ¥, | talme B, sikku | @ded | dodda
6. 3eae varna €703 lazti IR sottu 3ne varga 10le] tore
7. &ad) kitftfu 2] galli b)) gubbi 33, tatava afole] danda
8. 33 dese 3t hage Be3 ke:fa 53 fifu [ sama
9. 20 bari De) meivu Bed ke:ri Jod namnu B3¢ ko:li
10. | 2%ed3 dziva el sandi Ao ninde | Feexld | doise N tfinna
LR I X fvaisa Bod) kantu o8 da:di 233 tfira Dod datha
12. | 2ped | todu o35, jartri 53 fira T3 sa:da ole] nore
13. Od lipi Sod naja 230 bawvi nod | gandzi | edeed loka
4. | zoxd vastu | @y | honnu T8 | saoude N ninna 3erd regu
15. | Sed nu:ru 39, belli 00 bali odeeri, | jougja oLy naitja
1e. AR gida 33 nenne | Jeade | viaja BT kwru Ao nintu
17. 3% kale A vidia | rfeeed | gomu | @oxd | manda | T hannu
18. 1 evey ba:lja 0o ra:d3i ne gadza e beile oon ra:ga
191 @Berh | moggu Srle) sari oo3, | jantra A dina 33 dafa
20. | mord ha:qu B madi 3e3 pata D3 mada Srp lazva
2L | Qes mina 53 pa:fa Jee sewva o) la:du S satja
22. | oy | radzja | wdesE | tfurna 30 nari B tole ey guttu
23. | 3od tanda dwd) | muddu 5003 ka:da 369 rana 3y, falja
24 | ¥ na:le 3e33, tizvra ) valli @€ patti Arla) vadi
25| @od; | pandja | Derd bixgu g, | mudre | db vjaji e, gulle




S1 AKW AKW AKW AKW AKW

no. | List20 List 21 List22 List 23 List 24
L. 33 kare &) higgu Qe dirna 3do23 rembe 8eg)r | tirrpu
2. GI0I3) hola 303 kenda 33 tfitta dord | dangu €03 lacti
3. S mudde N3] nila ATOIE) mo:sa o padja FArIoNl) baiji
4. To% taila 3 mare &°3 paura s file 2N dzaga
5. aea rupa <3, satva S nuggu &8 hidi 33 karu
6. oY namja | Weed | dzoru e | maitu e guna 303 vam{a
7. ees peita dp3, tfokka | Beo kobbu 303 tuka deed roigi
8. Red | gudu )3 vrutta Ses? veile Breed kogte | S0 | mammsa
9. »0 d3vara Jeed peite onte | marga ead ni:tfa Ao vidje
101 & hudde abd jati rle) na:ri 0 mari 30 nali
11. DO suli ALLS] ba:le 3, kanje 33 kada B kola
12. 33, ratna )3 nrutja D3 va:da adword juga iy jamna
13. 33 fava TP daili De3f | varte | ey | mavu | TR ha:su
14. N nitja 33, vastra T sele e siri ned gu:li
15. | Qoed | mintfu o} lagna 0e3 dita TR ta:lu ey sunna
1e. (ALY bili 20 budi 2ad dzaja rIaN vadja Tod) paxru
17. | odben ja:ga Nl nafe 303 kanda 3=, tinnu 33 duzta
18. 1 o=, dikku qe duzpa J3, lekka 233, tfakra S®), | namma
19. o bila 33 vafa tolold) fwla Jed seive | @deed | doitfu
20. 33 dadda | Tord rangu T haile ot na:ga Ted raifi
21. =t nage a3n dege oo0d razja 3,3 daiva N3} nela
22. | 3 vastu | Bweesd | kome B dudi 23S dzille 3 gudde
23. Bew sallu ro& gundi Q03 simha Vo] nara 3 kavi
24. 30 kari Beeey | koilu nes gani B hale B donne
25. ng gadde e si:da ne galla 30 sala 33 tivi




APPENDIX C

Note: To be used with noise.

Sl no. AKW AKW AKW AKW AKW
Practice Listl List2 List 3 List 4
List
L. 33 hada Eite) suri BpB | pode | TR dattu 2D | furu
2. o) karvu Jo3 | fapke | 2qpee¥ | dzoda | Bed kana Bed | dzivi
3. ark gali 3 dani DR masi | ®3, | dzanma | 3e@ | koda
4. 03 rakta 3oy | tavu Ale) bara <0 sari Qe | darpa
5. 33 tene 30 kali By, | datta | T3 dada | @0d | dumbi
6. el mani deee3 | nota | ood | lantfa | TR sarvu ed seri
7. Y, solle 3,11 | kaige B sasi (A bele @y | hennu
8. 23eed tfirti 39 tala i | geddu | Zeod | kaija 33 sati
9. 8 pudi 30d daje | Sord | nungu | TS dara S | mana
10. 3e3 beire Dexy | pavu | 3,0 | vairi | Sord | tengu 23€3 tfata
11. Soe) ka:la D3 sutta 3es dani | e dervi 30 kela
12. S vanja Ded | bidi | Zeode | kawja | Beeed | koite 39 tili
13. or sanga DEY | mannu | DY) | navu | D | tanu | Qo3 | ninta
14. Qe ro:ma ng, | gadja | 3y | taggu | I3 vafa Do | vasa
15. ZRes floka coew | salu (o5} raste | Mo¥ gaila 090 da:ri
16. 2590 dzala 3PS | mauna | 1Y gati [ sadja g | gupta
17. N nidde @3 | darze | ded | vira | I nanna Je3 nele
18. 3eJ dwra opta ra:gi %o | hadi | Ned giru | mead | gaja
19. 303 tanti ded | tfuri | eI | seme | e | bahja | meew | palu
20. R0ey, maulja B hani | od& | jama | ® | halu | 3 | dvara
21. 33 vana weld | dzava | &3 | dikki | @ord | sagu | av@ | juva
22. afoW) daja ne gadi @3 | vara | @3 | matftfe | Mes | gamna
23. aife) guri 38, | rekke | eI | fumja | @ede | kurtfi | e | beiga
24. T savi od laja 03 late | ©9® la:li deert | roga
25. ala gedda 33 vara Zo | kaiu 20 puri 38 | vaidja




S1 AKW AKW AKW AKW AKW

no. List 5 List 6 List 7 List 8 List9
L. dexd) | tfupu ToR) sa:ku DR | duddu | Terd | tagu e hara
2. 3] hane on manga ol radze AP tfali B ku:gu
3. 230 bella Gorle) haire 2023 futfi o) ka:du Zo0D faiji
4. A dzagi 2300 tfindi S0 | muddu Dew billu 38 donne
5. afole] dande ate} giri 30®) tampu T3, rokka 33 kara
6. OB nauke IS ma:le 38, nakka 7,0 faili Qe miise
7. Oed rizti 30w tindu 36 sanna Ty | sadzdzu | Iy naidzja
8. B dwru | odeerd | joga 003 banda | Seed morri e be:ru
9. | Jedd | maije €3 nata Bee toila 3 telu PN vakja
10. 30 kali Qe bi:dza 36y kivu e, sonne T haudu
1. | I3¢ sarva o3 na:fa @3 hora adeen jougi Sox | rampa
12. | =8 taire o] sere T sala 33 kasa S|rd nagu
13. | meed da:;tu 3ed terva 33 vrata YA} tudi 33 sada
14 By palja ney ganja B3R kuisu n® graha eJed lesu
15. | Fen veiga 3 vadza s ga:de Spiel) naru €3 lusti
16. | Zpes foka =3 pada 3 maga APTS! daisa 13 gadda
17. | w3 daita DY, kulla Des lia 33 nava 353, jaitre
18. | md ga:li 3 tani 3w jukti dped lozpa Swee) mu:la
191 Qexy) nizvu af drava 300 krije ;0 vjaja 3, | tamma
20. | R suli 233, tfakke eront la:ga 1 gavi 3 vetftfa
21| Rod ganda | Seed | soiru AN dina APIN] dami 3, nidre
22. | Qe deva ees lile Sory, | vengja | @eesr | puirna 39, tadlli
231 B sainja S navja &t hiftu 300 mudi e go:lu
24. gte) gari 33 kode BpY kole Soed nantu X nati
25| Qe nizla 3 dala or] ranna 3e3 veida dod | dindu




S1 AKW AKW AKW AKW AKW
no. List 10 List 11 List 12 List 13 List 14

L. (ArLY ba:li 3&ed tirra B taisu oD kaiji 3e3 de:fa
2. 3e), tattu 3Q) kaddu | Qw3 | muka 3, gaitra 3 bare
3. Ted ratftfe VD) ma:va Bnee3 do:fa Alg} bagge 3eqd dze:da
4. dpoed | kontfa | Dab | njaja ed ni:ti RBeed jouli 33, tfitra
5. BR) haddu Jed le:pa Bo0) ka:la 3ord | tangu Ted sexru
6. el Jremi 33 rasa 33, tfenna 33 dore D guru
7. AN mana 30N tangi 2200 | faurja erood lazja Q3 sute
8. 39 kiri AP da:ve Aed giite Sod | mairu B0 karvi
9. oy tiaiga | ey | novu &3, drufja 30D vaisi O ninna
10. | ok | masa 33, kenne | 2593 | dzvale 6 sanna | Qe si:lu
1 350 taila myad | grama 3D raddu D9 tuli e gottu
12. | Rom | gandu SoE3 kavta | edewy | tollu =3 vakra | eleed | loile
13. 33 tada o] nere ®n hagga | bedy | nutftfu | Oon linga
14. o lagge 3D vasatu 93, vifva @eed | hoda na gade
15. | 3 nada | @eod | hondu | 3BR3 krwra | o8 | madi Toew va:lu
6. | o nuli rted geli (Afeln) benda Gole] pore CZaD) kanja:
17. | Zeadw | vaiju 33 ratftfe g% guhe B0 handi 3D duku
18. 33 neva 2dew tfellu 20 pura e gone 33 vjakti
191 I3 saddu 3d) tiddu N dza:ga 3D vasu BoED dantu
20. 33 vjakti T3 farpa APTN! dama Bea dvi:pa 6 banna
21. | Rpeod | gomndu ALY balli ex, | mamja 3ed de:fi Svead | maija
22. oo svara tolote fura 33 save e nu:lu E na:ve




S1 AKW AKW AKW AKW AKW
no. List 15 List 16 List 17 List 18 List 19

L. A kudi 333 kadda 3, tfippu () bervu 3, sikka
2, ned gatti SpY lajla Joe | nama e krizde | @B | madsi
3. Jed neira TPt ta:dza ] huli BeR) he:lu 3¢ parva
4. B, | dimmi clala svarga | riew) | godzdzu | eed ladzdze | 2o’ baile
5. 3eD kallu o | kandu | ¥, | talme B, sikku | @ded | dodda
6. 3eae varna €703 lazti IR sottu 3ne varga 10le] tore
7. &ad) kitftfu 2] galli b)) gubbi 33, tatava afole] danda
8. 33 dese 3t hage Be3 ke:fa 53 fifu [ sama
9. 20 bari De) meivu Bed ke:ri Jod namnu B3¢ ko:li
10. | 2%ed3 dziva el sandi Ao ninde | Feexld | doise N tfinna
LR I X fvaisa Bod) kantu o8 da:di 233 tfira Dod datha
12. | 2ped | todu o35, jartri 53 fira T3 sa:da ole] nore
13. Od lipi Sod naja 230 bawvi nod | gandzi | edeed loka
4. | zoxd vastu | @y | honnu T8 | saoude N ninna 3erd regu
15. | Sed nu:ru 39, belli 00 bali odeeri, | jougja oLy naitja
1e. AR gida 33 nenne | Jeade | viaja BT kwru Ao nintu
17. 3% kale A vidia | rfeee | gomu | @oxd | manda | T hannu
18. 1 evey ba:lja 0o ra:d3i ne gadza e beile oon ra:ga
191 @Berh | moggu Srle) sari oo3, | jantra A dina 33 dafa
20. | mord ha:qu B madi 3e3 pata D3 mada Srp lazva
2L | Qes mina 53 pa:fa Jee sewva o) la:du S satja
22. | oy | radzja | wdesE | tfurna 30 nari B tole ey guttu
23. | 3od tanda dwd) | muddu 5003 ka:da 369 rana 3y, falja
24 | ¥ na:le 3e33, tizvra ) valli @€ patti Arla) vadi
25| @od; | pandja | Derd bixgu g, | mudre | db vjaji e, gulle




Sl AKW AKW
no. | List20 List 21
L 33 kare &) higgu
2, B hola 303 kenda
3. Swg | mudde e ni:la
4. oY ta:la T mare
5. dea rumpa 33, satva
6. oey namnja 2D dzoiru
7. Jee3 peita 33, tfokka
8. nemd gudu D)3 vrufta
9. (X dzvara zeed peite
10. B3 hudde ab3d jati
11. O suli 23083 ba:le
12. 38 ratna 3)3; nrutja
13. 33 fava ApPLY da:li
14. ‘3328 nitja 5:; vastra
15. | Qoxd | mintfu or} lagna
16. AL bili AToIA) bu:di
17. | ool | jaga ST nafe
18. a3y, dikku WO dupa
191 Do bila 3 vaja
20. 33 dadda Sorb rangu
21. 3t nage 3 dege
22. 3D vastu BeE kome
23. e sallu o8 gundi
24. 30 kari BoeeD ko:lu
25. ng gadde Qe si:da




Comments / Suggestions

Action taken

Title page

Should read as ‘Ph.D.’ instead of P.hD’

Incorporated in title page

Abstract

Lines 4 & 5: Should not start a sentence with
numbers written as digits. Should be written in
words.

Incorporated in page No. 4

Line 9: Replace ‘were’ with ‘was’

Incorporated in page No. 4

Line 13: Mention that the list equivalency is for
measurements done at -3 dB SNR and not when
done in quiet.

The list equivalency in quiet has also
been established and incorporated

Introduction

Page 12, Para 2: Incomplete information since the
heading does not mention that the material is
specifically only for adults.

Incorporated in page No. 12, para 2.

Page 12: Section on speech identification tests in
Indian languages does not have information of tests
have been developed in other Indian languages.

Was incorporated in the earlier report
from Page 11 to 14

Page 12, Line 23: the word ‘lists’ to be deleted

Incorporated in Page 12, line 23.

Page 14, Line 13 & 14: Need to mention why 4 lists
are not adequate when it has been randomized to
produce 8 lists.

The explanation is incorporated in
page No.14, para 2.

Method

Page 16, Line 12: Details of the participants for the
different sections should be given separately

Incorporated in each section(2.1.5 —
para?2, 2.2.1- paral, 2.2.3- paral
,2.2.4 - para 1)

Page 16, Line 12: The description of the 5-point
rating scale does not clearly indicate how ‘4’ is
different from ‘3’ and how ‘2’ is different from ‘1°.

Incorporated in page 16 in 2.1.2

Page 6: As the recorded material has not been
scaled/normalized, there is bound to be variations in
the intensity of the speech signal.

Further, as no calibration tone have been recorded
with the word lists, variations in intensity could
have taken place when the stimuli were played.

Recorded material was normalized, but
was not included in the earlier report.
Incorporated in page 16 in the section
2.1.3.

Calibration tone was incorporated in the
beginning. Now, the tone has been
incorporated in every list.

Page 17, para 1: the aim of the study does not
mention that speech identification material is being
developed for testing in the presence of noise. Thus,
the aim and the method do not match

Additional objective incorporated in
page 15.

Page 17, last para: The information in this para is
not about generation of noise though the heading
states “ Generation of Noise”.

The heading has been changed
appropriately in page 17, last para.

Page 17, Line 28: the selection criteria of the 20
participants have not been given

Incorporated in page 18, para 1.

Page 18, Line 10 & 11: more details regarding the
comparison needs to be provided.

More details were not given as it was
not the objective of the study

Page 18, line 17: Mean age is to be given

Incorporated in page 17, last para

Page 18, line 22: the test used to measure SRT

Incorporated in page 18, para 2.




should be given

Page 18, line 24: Details of the PC used is to be
given

Incorporated in page 19, section 2.2.1

Page 19, line 9: The presentation level has not been
mentioned.

Incorporated in page 20, para 1

Page 19, line 10 to 12: Nowhere in the pilot study
has it been mentioned that the purpose of using
different SNR was to select one of them for further
evaluation. The findings of the pilot study do not
give a basis for the sentence “An SNR of -3 dB was
chosen based on the pilot study, done in order to
select equally difficult words for constructing the
word lists. This yielded an average of 50% correct
response at this SNR”.

Incorporated in page 20, para 3.

Page 19, line 17: The term standardization is
inappropriate when only 40 participants were
selected with only 10 in each of the 4 degrees of
hearing impairment that were considered.

- The testing in quiet now has data
from 65 individuals.

- The numbers mentioned in the
Research Proposal has been
followed in the study for groups
with hearing impairment.

Page 19, line 18: inadequate information has been
provided about the selection criteria of the
individuals with hearing impairment (age, gender,
education, language fluency, acquired hearing loss
or not, duration of hearing loss.

The selection criteria included are age,
acquired hearing loss, normal speech
and language skills has been included
in page 20, section 2.2.4

Page 19, line 22: Mention the reference of the
criteria that was used to decide that there existed an
agreement between the speech identification score
and degree of hearing loss.

Incorporated in page 20, para 1

Page 19, Last line to page 20, 1* para: The
relevance of this information is the context of the
method is not clear.

Modified in page 21, para 2

Page 19: What was the reason Senheisser 200 HDA
headphones were selected instead of TDH 39
Headphones?

Senheisser HDA 200 can also be used
for routine conventional testing as it
has a wider frequency response
compared to TDH 39. The audiometer
that was used for data collection was
calibrated with this earphone. Hence,
Senheisser HDA 200 was used.

Page 20, line 6: Mention the procedure that was
used to establish MCL.

Incorporated in section 2.2.4 page 21.

Results

Page 20, line 10 to 21: The first two paras, and first
sentence of the 3" para deal with the method and
cannot be considered as results

Modified

Page 21, Table 3:1: WRS should be expanded the
first time it occur and not when it occurs later.

Incorporated in page 22, table 3.1

Maximum possible score should be mentioned.

Incorporated in table 3.1, page 22

If normal hearing individuals get scores <50%, it

The aim was to establish equivalency




indicates that the test is too difficult to be used in
individuals with hearing impairment. The study
done by Spahr et al was publishes in 2012 and not
2011. Spahr et al 2012) used sentences and obtained
a mean score of 85%. Whereas the present study
has used words and hence using a -3 dB SNR
makes the task difficult even for normal hearing
individuals. The criteria used for sentences does not
apply for isolate words. The impact of different
SNRs varies depending on whether isolated words
are used or sentences are used.

at midpoint of psychometric function,
i.e., at 50%. However, at quiet, at 40
dB SL, the score is around 98% . This
has been included in the discussion
section

Page 21, 12 of Para 1: the word should read as ‘lists
and not ‘list’.

Incorporated in page 22

Page 21, Last but one line: Not clear what is meant
by ‘these modified scores’, since nowhere earlier is
it mentioned as to how it was calculated and what
was the need to modify the scores.

Incorporated in page 25. It is one of
the statistical measure to compare and
approved by the statistician.

Page 22, table 3.2: Mention the maximum possible
score. Extrapolating from information given in the
method section, it is assumed that the maximum
possible score is 25. In the event that the maximum
possible score is 25, if normal hearing individuals
obtain such poor scores (.91 to 1.65), it will not be
possible to use the test on individuals with hearing
impairment.

Table 3.2 shows the modified mean
and not the absolute mean. The
absolute mean is given in Table 3.4.
and the range is 10.05 to 11.94 for
noise. In quiet, at 40 dB SL, it is 23.80
to 24.73 (as given in table 3.1).

Page 22, Last 3 lines of para 1: No discussion as to
why some of the lists were different.

Though raw scores were not differing
much, statistical difference was
noticed.

Page 28, Line 19: need to mention the lists are
equivalent only at -3 dB SNR and not in quiet
condition.

The equivalency of the list was
established in quiet also. This has been
included in the report.

Page 32: the reference ‘Spahr, A. J. et al. (2011)
Development and Validation of the AzBio Sentence
Lists. Ear and Hearing, 32(4), 1-6.” Is incorrect.
The reference is Spahr, A. J. et al. (2012)
Development and Validation of the AzBio Sentence
Lists. Ear and Hearing, 33(1), 112-117.

Incorporated in reference.
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