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Abstract

Objective: The aim of the study was to develop a test material in Malayalam
and Telugu for assessing sentence recognition threshold in noise. Design: The study
was conducted in two phases. First phase involved three experiments 1) collection and
recording of sentence material in the languages 2) assessment of sentence perception
at five signal-to-noise ratios (SNRs) 3) formulation of 20 equal intelligibility lists with
10 sentences each in Malayalam and Telugu using numerical optimization procedure.
In the second phase, SNRs for 50% correct sentence score were estimated using
adaptive procedure on subjects with normal hearing. The developed lists were also
administered on clinical population (only for Malayalam). Study Sample: A total of
102 native speakers of Malayalam (of which 38 speakers participated for development
of sentences, 30 in list equivalency check and 34 individuals with hearing loss for
utility check in clinical population) and only 68 native speakers of Telugu (of which
38 speakers participated for development of sentences and 30 in list equivalency
check) participated in the study. The difference in the number of participants among
two languages was lack of availability of participants with Telugu as native language
and meeting the subjection selection criteria. Results: 12 optimized lists in Malayalam
and 14 optimized lists in Telugu were formulated. Lists were found to be of equal
difficulty in normal-hearing listeners in both the languages and also with individuals
with hearing loss in Malayalam. The average SNRs, (the signal-to-noise ratio for a
50% sentence score) was -4.28 dB with a standard deviation of 0.30 dB in Malayalam.
Whereas, in Telugu it is -2.57 with a standard deviation of 1.20 dB. The clinical utility of

the Malayalam test material was assessed on individuals with hearing loss ranging between

mild and moderately severe degrees of hearing loss (PTA; <60). Conclusions: The
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developed test provides a valid and reliable means of measuring sentence recognition

thresholds in noise for native speakers of Malayalam and Telugu.
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Chapter I

Introduction

Speech audiometry provides systematic information concerning not only one’s
sensitivity to speech stimuli but also the abilities of understanding speech at supra
threshold levels. The initial roots of speech audiometry were found to be the work
conducted at Bell Labs in 1920s and 1930s for efficiency measures of communication
systems. Over several decades since then, at present speech audiometry has become a
fundamental tool in regular clinical audiological assessment as it is used
diagnostically to examine speech processing abilities processed at various levels of
the auditory system. Along with a close depiction of subject’s ability to utilize his
hearing in ways that are closer to everyday experience (Mendel & Danhauer, 1997),
the results from speech audiometry would add some kind of validity to the basic pure
tone test procedure. In addition to the assessment of difficulties in communication,
speech audiometry has also been found to be useful in finding out the type and degree
of hearing loss, a hearing aid selection, identifying functional hearing loss and the site
of lesion. Speech audiometry has also been found to take less time than pure-tone

audiometry (Kutz, Mullin, & Campbell, 2010).

Various speech audiometric tests include Speech Awareness Threshold (SAT),
Speech Recognition Threshold (SRT) and Speech Identification Score (SIS). SAT is
also known as Speech-Detection Threshold (SDT), which is a measure of lowest level
at which speech can be detected at least half of the time (Hain & Garner, 2012).
During the SAT, the patient is instructed to indicate whether he /she is hearing the
sound or not. Speech materials usually used to determine this measurement are certain

standardized words or phrases. This is merely an awareness test and therefore
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irrespective of type of stimulus used, it does not provide information regarding a

person’s ability to understand speech.

The objective of SRT is to obtain the lowest level at which speech can be
identified/ understood by the subject at least half of the time. As SRT measures
involve understanding abilities, the selection of test materials for SRT is crucial for
ensuring valid clinical practice. Presently SRT can be measured using speech stimuli
such as nonsense syllables, monosyllables, spondees, sentences etc. Most often
nonsense syllables have been reported to be the most difficult to recognize (Mc. Ardle
& Hnath-Chisolm, 2009), as they have minimal semantic content. However, SRT
measures through non sense syllables reveal very little information about the auditory
disability and handicap that an individual experiences in everyday life (Gatehouse &

Robinson, 1997).

Monosyllabic words have also been used for the assessment of speech
recognition. However, Giolas and Epstein (1963) stated that monosyllables provide
diagnostic but not prognostic values, as it does not approximate on how an individual
understands conversational speech. Cox, Alexander and Gilmore (1987) reported no
relationship between the monosyllable recognition threshold and hearing aid benefits.
These results were attributed to lack of lexical, semantic, syntactic redundancies, and

dynamic cues in monosyllables.

Other stimulus such as Spondee words (bi-syllabic words with equal stress on
each syllable) have been reported to be used frequently in the clinical setting to
measure SRTs because they are faster and easier to administer (Carhart, 1965). They
have highest homogeneity of audibility (Egan, 1948) and were well correlated and

used to confirm results on pure tone audiogram (Scourfield, 2011). However,
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spondees are less representative of natural language communication than sentences
and also spondees spoken as isolated utterance (or) in carrier phrases may not
represent the normal spectral weighting, level fluctuations, intonations, pauses and
other aspects associated with conversational speech. Moreover, the limited number of
spondees together with the risk of familiarization and learning effects associated with
randomization and reuse of the same items prevents measurements and comparison of

performance in multiple experimental or clinical conditions.

Furthermore, word tests are not suited for more advanced testing and fitting of
hearing aids, since some of hearing aid features such as compression and the noise
reduction algorithm do not take full effect with isolated single words (Nilsson, Soli, &
Sullivan, 1994). These limitations underscore the need for sentence length test

materials that can be used to measure SRTs (Nilsson, et al., 1994).

Thus sentences will be more advantageous than other stimuli, as they provide
information regarding the time domain of everyday speech and can approximate
contextual characteristics of conversational speech (Jerger, Speaks & Trammell,
1968). The initial traces of sentence material used for speech recognition came from
development of Central Institute for the Deaf (CID) every day sentence list by
Silverman and Hirsh (1955). Brinkmann and Richter (1997) stated that the sentences
provide additional information on the ability of participants to understand speech in
daily life and have proved to be a useful tool, especially for the selection of a suitable
amplification device. Additionally, the discrimination function (often referred as
performance intensity curve) for sentence material has been reported to be steeper
than for shorter speech segments and thus provide a very accurate measurement of a

speech recognition threshold (Bosman & Smoorenburg, 1995; Kollmeier &
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Wesselkamp, 1997). Speech in noise tests are commonly used to quantify Cochlear
Implant benefit and also differential diagnosis of several auditory processing

disorders.

In spite of these advantages of sentences, clinically the possibility to re-test
with sentence stimuli for SRT measures on the same subject is highly limited as the
material is highly syntactically loaded. Additionally extrinsic redundancy cues such as
acoustic and contextual cues further limit the use of sentence material for regular
clinical use. These characteristics make it harder to predict which specific information
is being used by the listener (Mc. Ardle & Hnath-Chisolm, 2009). Thus one needs to
consider large number of test items for constructing sentence list. Also for sentences
low frequency components are given greater weightage than high frequencies in the

speech spectrum compared to monosyllables (Kollmeier & Wesselkamp, 1997).

Need to develop sentence material in different languages:

Sentences consist of string of phonetic segments and for each language there is
a subset of functional phonetic categories described by universal phonetic inventory.
Two phonetic segments that are distinctive in one language may not occur in other
language. Thus the languages across world differ with respect to phonetic segments
(Winifred, 1995). Majority of the cross language studies indicated that some of speech
contrasts pose greater perceptual difficulty for non-native speakers than native
speakers. Thus it calls for separate sentences lists across different languages.

Some of available sentences for speech recognition in English include CID
every day sentence list by Silverman and Hirsh (1955); Hearing in Noise Test (HINT)
sentences by Nilsson et al. (1994). Similarly other languages in which sentence

materials presently available include African (Scourfield, 2011), Cantonese (Wong &
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Soli, 2008), Dutch language Leuven intelligibility sentence test (LIST) (Van-
Wieringen & Wouters, 2008), French (Vaillancourt et. al., 2005), German (Kollmeier
& Wesselkamp, 1997), Mandarin (Wong, Soli, Lieu, Han, & Huang, 2007), Polish
(Ozimek, Kutzner, Sek, & Wicher 2009), and Swedish (Hagerman1982; Hallgren,

Larsby, & Arlinger, 2006).

Houben et al. (2015) developed Dutch matrix sentence list utilizing SNR50
scores in presence of background noise. Results indicated that an average of -8dB
SNR would be required for 50% intelligibility score. Similarly Finnish matrix test was
developed by Dietz et al. (2015) in which SRT range for normal-hearing young adults
for adaptive measurements is —9.7 £ 0.7 dB SNR. Further, Warzybok et al., (2015)
shown an average SRT of -9.5 +/- 0.2 dB and a slope of 13.8 +/- 1.6%/dB for the closed

set Russian matrix test.

Further, in Indian context, there are multi languages spoken across country.
Currently only few sentence materials are available in Indian languages which include
Hindi (Jain, Narne, Kumar, & Kumar, 2012) and Kannada Sentences list (Geetha &
Sharath, 2013) Thus, sentence lists in different languages used across country is much
needed. Along with the above list the other major languages spoken in southern part
of India include Telugu (being spoken by 74 million individuals) and Malayalam by
33 million individuals (Census of India, 2001). Thus, systematically constructed
sentence materials for speech recognition testing in both these languages are highly

essential.

Need to develop sentence test in the presence of noise.
The ability to understand speech in the presence of background noise

constitutes a great challenge to any listener, especially those who suffer from hearing
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impairments. Over the years it has been demonstrated that speech perception tests in
presence of background noise are superior when compared to speech perception in
quiet conditions. More over speech in noise tests provide powerful information
directly related to some of communication difficulties encountered in regular real life
situations (Taylor, 2003). Carhart and Tillman (1970) recommended that speech
recognition performance should be tested in back-ground noise as a standard part of
audiological test battery. Speech recognition in noise will also be helpful in
accounting for the benefits from amplification and further in counseling the patients

(Wilson & Mc Ardle, 2005).

Generally speech-in-noise procedures can be classified into two categories
based on the method of procedure involved as fixed signal to noise ratio (SNR) tests
and adaptive SNR tests (Taylor, 2003). Fixed SNR tests measure a percent correct
score at a fixed SNR while adaptive SNR tests measure the SNR as the intensity level
of either speech or the noise varied. An adaptive SNR method offers effective
placement of presentation levels within the region of interest with concomitant
improvements in the efficiency and accuracy of the estimation. Over a sequence of
trials, the level of a subsequent stimulus is increased when the response to the current
stimulus is incorrect, and, likewise, the level of a subsequent stimulus is decreased
when the current response is correct. In this way, the presentation level would

approach the listener's SRT quickly (Nilsson, Soli, & Sullivan., 1994).

Along with this, the major disadvantages of fixed SNR tests in clinical use
include difficulties to know where to fix the SNR and also the percent intelligibility

measures are inherently limited by floor and ceiling affects (Nilsson, Soli, & Sullivan,
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1994). Additionally, for more reliable measure using fixed SNR test procedure;

testing might have to repeat over certain range of fixed SNR values.

On the other hand adaptive SNR procedures demonstrate advantage of less
time consumption for test procedure and a reliable measure of speech perception skills
(Nilsson, Soli, & Sullivan, 1994). Thus it is wise to have an adaptive procedure for

the purpose of estimating speech perception scores with the use of sentence material.

Objectives

1. To develop sentence test in Malayalam & Telugu languages.

2. To collect normative data for the developed sentence test in the presence of
speech noise.

3. To investigate the utility of developed test among clinical populations’ across

conductive and sensorineural hearing loss.
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Chapter 11

Method

The present project was carried out in two major experiments. In the first
experiment sentence lists of equal difficulty were developed in two languages;
Malayalam and Telugu. The equivalency of the developed lists was verified in the
second experiment for both languages, however the verification of the developed lists
was done only in Malayalam language due to unavailability of clinical population
having Telugu as mother tongue.

Participants:

The study was conducted on 169 subjects. The subjects participated were
divided into group N, group CHL and group SHL. Group N included a total of 136
volunteered healthy normal hearing individuals aged between 18 to 30 years with
mean age of 24 years. Of these 136 subjects, 68 subjects had their native language as
Malayalam and rest 68 had as Telugu. All subjects were selected based on the
screening audiological evaluation. Subjects in group N were allowed to participate in

the study if the subjects meet following selection criteria.

v" No history and compliant of middle ear infection, tympanic membrane
perforation, head trauma, noise exposure and ear discharge at the time of
participation in the study.

v Subjects with pure-tone air conduction and bone conduction thresholds less
than 15 dB HL at octave frequencies between 250 Hz to 8000 Hz by using a
modified version of Hughson and Westlake procedure (Carhart & Jerger,

1959).

10



v
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Speech recognition scores + 12 dB with reference to pure tone average and
also speech identification scores greater than 90% in both the ears at 40dB SL
presentation levels with reference to speech recognition threshold.

Have bilateral ‘A’/ ‘As’ type tympanogram with 226 Hz probe tone and
positive ipsilateral and contralateral acoustic reflexes at 500, 1k, 2k & 4kHz
in both the ears.

No illness at the time of testing.

Group CHL involved 15 subjects who were subjects evaluated at Medical College

Hospital, Calicut and Welcare institute of Speech and Hearing, Calicut and diagnosed

as having conductive hearing loss in one or both ears. All subjects had their native

language as Malayalam. The selection criteria for group CHL was as follows:

v

v

No compliant of ear pain and ear discharge on the day of evaluation.

Air conduction pure tone threshold greater than 16 dB HL and less than 60 dB
HL.

Air bone gap of more than 10 dB with bone conduction threshold within 15 dB
HL from 250 Hz to 4000 Hz.

Middle ear dysfunction as indicated by immittance evaluation (Either abnormal
tympanogram patterns as described by Jerger (1970) and/or absent acoustic
reflex responses.

Speech identification scores proportionate to their pure tone average.

No history of any neurologic problems.

No illness on the day of testing.

Group SHL involved 19 subjects who were subjects evaluated at Medical

College Hospital, Calicut and Welcare institute of Speech and Hearing, Calicut and

diagnosed as having sensorineural hearing loss in one or both ears. All subjects had

11
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their native language as Malayalam. The following criterion was used to have subjects
for group SHL.
v Air conduction and bone pure tone threshold greater than 16 dB HL and less
than 60 dB HL.
v" Air bone gap of less than 10 dB.
v" A normal middle ear functioning as indicated by immittance evaluation.
v Speech identification scores proportionate to their pure tone average.
v No history of any otologic, neurologic problems.
v No illness on the day of testing.
Subjects under group SHL were further categorised based on degree of hearing loss
obtained from pure tone audiometry. Categories contained 3 subjects as minimal
sensorineural hearing loss, 7 subjects as mild sensorineural hearing loss, 6 subjects as
moderate sensorineural hearing loss and 3 other subjects as having moderately severe
sensorineural hearing loss.
All the participants were informed about the purpose of the study before
participating in the study and all the procedure used in the study were approved by the

AIISH ethical committee.

Instrumentation:

The instruments involved in both the phases of the study include

v A calibrated two channel audiometer with TDH 39 headphone with MX-14
ear cushion and Radio ear B-71 bone vibrator was used to estimate air and
bone conduction thresholds respectively.

v A calibrated immittance meter, GSI-Tympstar to assess middle ear functioning

using tympanogram and acoustic reflexes.

12
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v A personal computer loaded with MATLAB software, APEX software, Adobe
Audition (version 3) along with Sennheiser-HDA 2000 headphones was used
for the purpose of development and equalization of the stimuli.

v Tucker-Davis Technology (TDT) was used for the levelling of the stimulus.

v Computer Science Lab

Test environment:
All the audiological tests and experiments were administered in a well-
ventilated air conditioned sound treated room with noise levels within permissible

limits as per ANSI S3.1 (1991).

Stimuli and Procedure:

The present project was carried out in two major experiments. In the first
experiment sentences lists of equal difficulty were developed in two languages;

Malayalam and Telugu. The procedure followed in the study was as followed:

Experiment |
First experiment involved three sequential phases in both languages
individually. First phase involved collection and recording of sentences and second
phase consisted of selecting the sentences that were equally intelligible in presence of
equivalent speech noise; whereas, the third phase aimed to construct lists with equal
difficulty.
Phase I.
a. Collection of sentences in Malayalam and Telugu languages:
Commonly spoken/ used meaningful sentences (no specific dialect was used)
of four to five words length (syllable count ranges from 12 to 19 per sentence) were

collected from textbooks, magazines or day to day conversation in both languages.

13
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The following criteria were employed in selection of sentences in both languages
(Versfeld, Daalder, Festen, & Houtgast, 2000).

v The selected sentence should have a total of four to five words of which three
to four content words should be present in each sentence.

v The sentences should not have with punctuation characters.

v The sentences should not be repeated or duplicated.

v" Each sentence should be syntactically correct and semantically neutral.

v" Sentences should not have questions, proverbs, names, and exclamations. And
sentences related to politics, war or gender context were eliminated to
maintain semantic neutrality.

Based on the availability five hundred sentences in Malayalam (syllable count
ranges from 12 to 17 per sentence), each comprising of four words, of which three
were content words were selected for further procedure. However in Telugu, only 439
sentences with four to five words of length (syllable count ranges from 12 to 19 per
sentence), of which 3-4 content words in each, were selected. This was due to
constrain in the commonly used sentences in Telugu language matching the set
criteria.

All the selected sentences were assessed for their naturalness and predictability
by presenting printed material to 10 native speakers of respective languages.
Subjective rating procedure used by Wong and Soli (2005) was adopted for the
current project (Appendix-A). The subjects were instructed to rate the naturalness
based on the familiarity and correctness of the sentence structure (for given sentence)
and also predictability based on toughness to predict if some portions of the given
sentence is missed. All the subjects were asked to rate the naturalness of the each

sentence on a five point rating scale (in which 5 indicated highly natural and

14
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frequently encountered and 1 indicated totally unnatural also not encountered at all).
Predictability of these sentences were rated on a three point rating scale (where 3
rating indicated not predictable and 1 rating indicates as highly predictable).
Sentences that were highly natural and low predictable (rated as either ‘4’ or ‘5’ on
naturalness rating scale and ‘2’ or ‘3’ on the predictability) by at least 80% of
individuals were selected for further procedures. Based on these measures 196
sentences in Malayalam & 73 in Telugu were eliminated. Thus, a total of 304
sentences in Malayalam and 366 sentences in Telugu were considered for the further

procedures.

b. Recording of sentences in Malayalam and Telugu:

Three female native speakers of both the languages were selected randomly
for audio recording of the selected sentences. Initially 10 eliminated natural sentences
were given to all the three speakers and were instructed to speak naturally and the
audio samples recorded using Computerized Speech Lab (CSL). The audio recorded
samples of each speaker were rated on six parameters (rate of speech, sentence
intonation and stress, intelligibility, pronunciation, and voice quality) by five native
speakers of the respective language with normal hearing. The most preferred speaker
in all six aspects was considered for the rest of recording procedure. Later with the
selected speaker all sentences were recorded using CSL at a sampling rate of 44.1
kHz with 24-bit resolution. The speaker was instructed to maintain constant intonation
with normal stress patterns throughout the sentence and also to repeat each sentence
thrice. The most suitable sentence with equal loudness and intelligibility out of three
recordings was selected through auditory perception and saved on to hard disk of

computer as a wave file. Adobe Audition (version 3) software and Matlab 2009b were

15
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used to edit and off line analysis purposes. All the audio samples of the sentences

were equalized in root mean square (RMS) amplitude prior to further procedures.

c. Generation of speech shaped noise.

All the selected audio samples of sentences were concatenated in random
order and Fast Fourier Transformer (FFT) was performed for these concatenated
sentences separately for each language. Using obtained spectral values a reverse FFT
was constructed with random phase to produce back auditory speech noise signal.
Thus, the noise generated had similar frequency spectrum as long-term average

spectrum of the selected sentences.

This was carried out based on the rationale that a spectrally matched noise
would represent actual type of noise which would mask the speech in real life
situation (Prosser, Turrini, & Arslan, 1991). The RMS level of the generated noise
was matched to the same level as the sentences. The one third octave spectra of noise
and concatenated sentences are presented in Figure-1(a) for Telugu and Figure-1(b)

for Malayalam.

Amplitude

Freguency (Hz)

Figure 1(a): One third Octave frequency analyses of recorded sentences and noise
created for Telugu.

16
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Amplitude (dB)

_80 1 1 1 1 L 1 1 1 L 1 1 1 L M L
63 90 125 180 250 350 500 700 1k 14k 2k 28 4k 56k 8k 11.2k 16k
Frequency (Hz)

Figure 1(b): One third Octave frequency analyses of recorded sentences and noise
created for Malayalam.

Phase Il: Selection of equally intelligible sentences in presence of background

noise:

a. Stimulus:

For studying the intelligibility of the sentences, all the sentence tokens were
mixed with speech shaped noise at four different SNR (i.e.) at -2dB, -4dB, -6dB and -
8dB SNR using MATLAB command. The range of SNR values were considered
based on the previous investigations of Jain et al. (2012) for developing Hindi
sentences lists, as the study involved similar procedure and concluded 50% of the
speech identification was obtained at a mid-value between -6dB SNR and -4dB
SNR. Thus to have psychometric function curves for the speech identification
scores, identification scores at -2dB, -4dB, -6dB and -8dB SNR values were
obtained for both languages separately. However, as the identification scores for

Malayalam sentences at -8 dB was higher than those of Telugu sentence, perception

17
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scores at -10 dB SNR was also obtained to note if any significant differences exist
due to the effect of language.

To avoid unintended onset and offset effects of speech and of noise, a
systematic procedure utilized by Neilson and Dau (2009) was used in the present
study. The onset of noise signal preceded that of sentence by 600 ms and also
continued till 600 ms after the end of the sentence. Over all noise was ramped using
the Cosine square function with ramp duration of 200 ms. 20 subjects (not included
in earlier/later phases/experiments of the study) in group N were used to have the
speech identification scores at different SNR values.

b. Procedure:

Stimulus was presented at different SNR to the subjects using custom made
MATLAB program. The presentation of the signals were from personal computer
routed through the Tucker Davis Technology system using auxiliary input and played
at a sampling rate of 44.1 kHz with 24-bit resolution. The output was routed
monaurally to the individual's ear using Sennheiser-HDA 2000 headphones at an

intensity of 70 dB SPL.

The individuals were asked to repeat the heard message completely as much as
possible and the percentage of identification was calculated based on number of
correctly repeated content words. They were also encouraged to guess the content
words if uncertain. The responses were marked by the experimenter without any
feedback provided after each sentence presentation. Each subject was tested at only
one SNR level of all sentences to avoid replication of sentences and thus at each

SNR value five normal hearing subjects were tested for identification scores.

Identification scores for each sentence at a specific SNR, obtained from five

individuals were averaged. Hence, there were four speech identification data points

18
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across different SNR for each sentence. These points were used to derive sentence-
specific psychometric function curves with a logistic shape using MATLAB script
using the following function.

100

—(SNR—SNRsq)
1+ e S

S(L) =

Where the parameter ‘SNRsy” denotes the level corresponding to 50%
intelligibility for each respective sentence; ‘S’ denotes the spread of the psychometric
function which is inversely proportional to the slope ‘m’ of the psychometric function
(S=25/m). Both SNRsp and also S values were derived form the data obtained for each
sentence. Of all 301 sentences of Malayalam sentences tested, 160 sentences were
found to have similar slopes (with in one standard deviation across all SNR points)
and SNR50 point. Thus these 160 sentences were selected for further procedures to
maintain the uniformity and reduce the variability in score obtained at different SNR
values across lists. Similarly in Telugu from 366 sentences tested, 200 sentences were
identified to have similar slope on psychometric function curve and similar (with in
one standard deviation) SNR50 points. Hence these 200 sentences were used for

subsequent phases of this project.

Phase I11: Construction of equalized and phonemically balanced sentence lists
The selected sentences from the procedure of phase Il were grouped into
different list of each contain 10 sentences. Thus, from the selected sentences pool 16
sentence lists in Malayalam and 20 sentence lists in Telugu were constructed. The
grouping procedure utilized was similar to that described by Kollmeier and
Wesselkamp (1997) for both languages. The equal difficulty lists were constructed by

optimization of L50 and spread ‘S’ obtained from psychometric functions in addition
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to the number of phonemes and the frequency distribution of the 50 different
phonemes for both Malayalam and Telugu sentence material. Thus in total, there were

52 parameters optimized for both languages separately.

The optimization was accomplished using a numerical optimization procedure
(similar to the one used by Otten & Van-Ginneken, 1989). A customized MATLAB
program was used to formulate uniform distribution of selected sentences into lists.
The actual parameter values of all 200 sentences of Telugu were placed into a vector
P;j (17=1-200). The average values of L50, S, the number of phonemes and frequency
distribution across all 200 test Telugu sentences were placed as the ‘‘desired’” value
into the vector ‘V’. In addition, a vector ‘g’ of weighting factors was defined which
determined the priority of the parameters to be optimized by the algorithm. The
algorithm tried to optimize the ‘important’ parameters L50, S and number of
phonemes with higher priority than the frequency distribution of the phonemes. The

minimization algorithm, thus, had to minimize the function.

20
d=> |lgx (v; - )|
k=1

The global minimum of ‘d” was obtained by randomly selecting a set of 10
sentences from the pool of 200 sentences with the optimization algorithm. These 10
sentences, which achieved a global minimum of ‘d’, were grouped as one list and
were permanently deleted from the pool of 200 sentences. This optimization process
was repeated until 20 lists were formulated in Telugu. Same procedure was followed

for construction of Malayalam sentence lists from a pool of 160 selected sentences.
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Experiment 11
Experiment Il was aimed to verify the equivalency of established sentence
lists and also to obtain the preliminary data necessary for clinical use of lists that were

developed. This was carried out in two phases as described below.

In first phase SNRsp values were obtained using adaptive method in
individuals with normal hearing (Group N)). The second phase consists of obtaining
SNRs using adaptive procedure in individuals with different types of hearing loss
(Group CHL & Group SHL). However, the second phase was carried out in only
subjects who are native speakers of Malayalam language and could not be carried out
in subjects those are native speakers of Telugu due to constrain in availability during

stipulated project period.

a. Participants
For Phase I, 30 native speakers of each selected language from group N were
selected to find out SNRsy using adaptive procedure. None of the subjects were
participated in any of the earlier phases of the study. For phase II, SNR50 was
obtained from all subjects from group CHL and group SHL using only Malayalam
sentence lists.
b. Stimulus
Derived speech noise was fixed at 65 dB SPL. All recorded and rms
equalized audio samples of selected sentences were presented as stimulus in presence
of the speech noise.
c. Procedure
The testing was carried out in a sound-proof booth and the stimuli were
presented through Sennheiser HDA 200 headphones. The noise onset and offset was

controlled in the same manner as in the equalization procedure. To familiarize with the
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procedure one trail list was present before the actual lists were presented. Trial list
consisted of sentences that were left out form experiment I. APEX was programmed
to perform the procedure and experimenter scored the sentences by pressing on-screen
buttons according to the listener’s response. Only when the subject repeated the whole
sentence correctly then it was scored as correct, even if a part of the sentence was
repeated incorrectly experimenter scored it as wrong. Visual feedback was provided to
the subject during testing for every trial. The same procedure was carried for all 20
lists in Telugu and 16 lists in Malayalam for each subject participated in experiment II.
As it was performed with 1-down and 1-up procedure with step size being 2dbB SNR,

the average of last four reversal SNR values was considered to obtain SNRsp.
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Chapter 111
Results
The present project was aimed to develop and validate a sentence list in
Malayalam and Telugu. To fulfill the aim of the present study data was collected on
subjects with normal hearing sensitivity (group N) and also from subjects with
conductive (group CHL) and sensorineural (group SHL) hearing loss. Data obtained
from the subjects were tabulated and analysis was done using statistical package for
social sciences (SPSS) software version 17. The results were discussed under the

following headings:

Experiment I:

First experiment involved three sequential phases in both languages
individually. In the first phase a total of 500 sentences in Malayalam and 439
sentences in Telugu were collected, however only 304 Malayalam sentences and 366
Telugu sentences were selected from familiarity and predictability scores. In the
second phase, sentences that were equally intelligible in presence of equivalent
speech noise were selected. The results obtained in the Phase Il were described

below.

Phase Il Selection of equally intelligible sentences in presence of background
noise:

Key words identification scoring was computed for all sentences across the
selected SNR values. Further estimated slope values were computed from these data
points for each sentence. Across all tested sentences the minimum slope of speech
ineligibility obtained was 3.4% per dB SNR and the maximum slope was 38.13% per

dB SNR. However, the mean of the slope was 10.5% with a standard deviation of 7.37%
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per dB. Whereas in Malayalam, the minimum slope obtained was 4.06% per dB SNR
and maximum slope was 37.30% with an average value of 9.25% per dB SNR and
standard deviation of 4.73% per dB.

Mean and Standard deviation of percentage of words correctly identified at all

tested SNR for each language are shown in Table 1.

Table 1: Mean and Standard Deviation of identification scores at four SNRs in

Malayalam & Telugu.

SNR -10dB -8dB -60B -4dB -2dB
Telugu

Mean -- 10.9 34.7 57.4 78.7

SD -- 13.84764 27.27637  28.9813  21.71457
Malayalam

Mean 2.80 22.5 55.1 73.0 95.0

SD 1.71 5.51 5.50 10.1 2.81

From the derived psychometric function curves, only 200 sentences were found
to have similar psychometric slopes and SNRs (within in one standard deviation) for
Telugu. These 200 sentences were used in subsequent phases of the study. This
procedure ensured uniformity of the speech identification scores of sentences across
all SNR tested. Whereas, in Malayalam only 160 sentences were found to have

similar psychometric slope and SNRsp, and thus used in subsequent phases of study.

Phase I11: Construction of equalized and phonemically balanced sentence lists
Using a numerical optimization procedure all the selected sentences were
grouped into lists of 10 sentences each. The constructed sentence lists were checked
for phoneme balance in accordance to the values described by Ramakrishna, Nair,
Chiplunkar, Atal, Ramachandran and Subramanian (1992) in both languages. In both

languages a total of 50 different phonemes were compared with average frequency of

24



Sentence Lists in Malayalam and Telugu, 2014

occurrence quoted by Ramakrishna, et al. (1992). The frequency distribution of the
phonemes is plotted in Figure 2 (a) as average values and their variability across all
20 formed sentence lists in Telugu language and similarly Figure 2 (b) depicts the

same in Malayalam language for 16 formulated lists.
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Figure 2(a): Mean and standard deviation of frequency occurrence of each phoneme
in the Telugu sentence list (Dark line) in comparison with the average occurrence of
phonemes in Telugu language (dashed line).
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Figure 2(b): Mean and standard deviation of frequency occurrence of each phoneme
in the Malayalam sentence list (Dark line) in comparison with the average occurrence
of phonemes in Malayalam language (dashed line).
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Concluding experiment 1, a total of 20 lists of each having 10 sentences were
formed in Telugu, where as in Malayalam 16 lists of each having 10 sentences were
formed. The formation of the list ensured phonemically balancing of the phoneme

occurrence with that of values indicated by Ramakrishna, et al. (1992).

Experiment I1:

Experiment 1l was carried out in two phases to verify the equivalency of
established sentence lists and to obtain the preliminary data necessary for clinical use
of lists that were developed. Using APEX platform SNRsy, was determined using 1-

down and 1-up procedure and the last four reversals were averaged.

Phase I:

The SNR50 data was obtained from 30 individuals of group N. Each subject
was tested with all 20 lists, thus having 30 SNRsy points for each list. Descriptive
statistics obtained from the data for each list in both languages were tabulated and
shown in Table 2. All the values were depicted after decimated to two points. An
overall mean value of all the mean SNR50’s across lists were also depicted in Table 2.
Along with the overall average, standard deviation of the all mean values was also
computed to note the variations in the mean values across lists and depicted in the

Table 2.
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Table 2: Mean and Standard deviation of SNRs, for all test lists obtained (Obtained

adaptively in both Malayalam and Telugu languages).

Malayalam Telugu
Listno Mean SNRsg SD of SNRsg  Mean SNRsg  SD of SNRsg
(dB) (dB) (dB) (dB)
1. -3.75 0.36 2.23 2.72
2. -4.40 0.69 -2.27 2.17
3. -4.45 0.56 -3.00 1.62
4, -4.52 0.46 -3.40 1.93
5. -4.75 0.43 -2.80 1.87
6. -4.48 0.59 -2.17 1.49
7. -4.73 0.45 -2.70 1.95
8. -4.33 0.51 -2.47 1.63
9. -3.98 0.50 -3.25 1.54
10. -3.85 0.37 -3.07 1.84
11. -4.48 0.44 -2.52 1.65
12. -3.89 0.44 -3.37 1.58
13. -4.00 0.42 -3.17 1.39
14. -4.28 0.60 -2.62 1.50
15. -4.43 0.61 -3.42 1.55
16. -4.22 0.55 -2.48 1.53
17. -- -- -3.33 1.49
18. -- -- -2.30 1.78
19. -- -- -2.58 2.39
20. - - -2.82 1.93
Mean -4.28 -- -2.57 --
SD 0.30 -- 1.20 --

It can be noted from the table 2 that mean of SNR50 for Malayalam lists was
lower than that of Telugu sentences, indicating Telugu sentences require high signal
to noise ratio to have better perception. This indicates there were differences of

speech identification performance across languages.

The data obtained for each list was checked for normality using Kolmogorov-
Smirnov test of normality and result revealed the obtained data was normally
distributed at a significance level more than .05 for both the selected languages. For

further statistical analysis, a repeated measure analysis of variance (ANOVA) was
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carried out to note any significant difference in the SNRsq scores across various lists

developed in both languages separately.

In Telugu, the results revealed a significant difference in SNRs, obtained using
different lists (20 lists X 30 Subjects) [F(,19) =193.344, p<0.01] (Partial eta squared
value = .870). Further to observe differences between pairs of lists, multiple pair wise
comparison was performed after Bonferroni correction. The results indicated that
SNRs scores obtained using Listl were significantly different from that of other
developed lists (p < 0.001). The statistical measure also revealed a significant
difference between scores obtained through List 12 and list 18 at p = .031 (< .05).
There were other differences noted between the scores obtained using list 6 with that
of list 12 (p=0.224), list 13 (p=0.371), list 15 (p=0.066) and list 17 (p=0.226).
However these differences were not significant at p < .05. Rest all the other pairs
revealed no significant differences, indicating there are no evidence of difference in

the SNR5, score obtained with other lists.

Whereas in Malayalam, repeated measure analysis of variance of SNRs, data
obtained using developed sentences revealed a significant difference (16 lists x 30
Subjects) [F,15) = 407, p<0.01] (Partial eta squared value = .463). Further, pair wise
comparisons done after Bonferroni correction to observe difference between
individual pairs of lists. The results indicated that scores obtained for the List 1, 9, 11
and 12 were significantly different from all the other developed lists (p < 0.001) and

hence those lists were also removed.

Further, difference between individual SNRsy and grand average of SNRs
across all lists computed. The mean difference value with corresponding standard

deviation values are plotted in the figure 3(a) for Telugu and 3(b) for Malayalam.
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Figure 3(a): SNRsq of individual list with reference to the overall averaged SNRsg in

Telugu.
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Figure 2(b): SNRs, of individual list with reference to the overall averaged SNRsg in
Malayalam

From figure 3(a) it can be noted that the difference between mean SNR50 of
individual lists 4, 6, 12, 17 and 18 and overall SNR50 was greater than 0.5. Thus,
these lists were discarded from final stimulus. Overall from the statistical measures
and mean difference disparities, six lists were discarded (namely listl, list4, list 6,
list12, list 17 & list 18) from the final sentences lists in Telugu. Also, from figure 3(b)

it is clear that the differences with reference to overall SNR50 for all the 15 lists are
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within 0.5 for Malayalam language. However, as statistically significant difference
was seen in the scores obtained with four lists, (list 1, list 9, list 11 and list 12) these
were removed, thus only 12 lists were considered for construction of sentence lists in

Malayalam.

Thus, only 14 lists in Telugu (Appendix C) and 12 lists in Malayalam

(Appendix B) were considered in the formulation of final lists.

Phase Il (Data obtained on clinical population)

Adaptive SNRsowas estimated for all subjects in groups SHL and CHL. All
the subjects were native speakers of Malayalam with different type and degree of
hearing loss.

a. Stimuli:
12 lists of sentences that were created in the previous phases of study.
b. Results:
Clinical utility of all sentence list in Malayalam was assesses in individuals
with conductive hearing loss and those with different degree of sensorineural hearing
loss (SNHL). The following comparisons were done to validate the clinical utility of

developed sentence lists.

1. Comparison of SNRs, values across normal hearing sensitivity group,
conductive hearing loss group and SNHL group

2. Comparison of SNRsq values across different degree of SNHL
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Comparison of SNRs, values across normal hearing sensitivity group, conductive

hearing loss group and SNHL group.

Within and across group comparison of SNRsy was done across normal
hearing sensitivity group, conductive hearing loss group and SNHL group.
Descriptive statistics of SNRsp in conductive hearing loss and SNHL in comparison

to normal hearing sensitivity is shown in table 3.

Table 3: Mean and standard deviation of SNRsy for each list in normal hearing

sensitivity, conductive and sensorineural hearing loss

List Normal Conductive SNHL
N SNRs, SD N SNRs, SD N SNRs, SD

1 30 -44000 .68732 15 -4.1333 .29681 19 1.2368 2.28138
2 30 -4.4500 56248 15 -4.1667 .30861 19 1.6711 2.54686
3 30 -45167 46393 15 -4.0333 .35187 19 1.3289 2.35120
4 30 -47500 43052 15 -4.1333 .35187 19 1.2105 2.22402
5 30 -44500 59234 15 -4.1333 .35187 19 19211 2.47354
6 30 -47333 44978 15 -4.1000 .33806 19 1.3289 2.38638
7 30 -43333 51417 15 -4.0333 .22887 19 1.9211 2.26852
8 30 -4.4833 44496 15 -4.0667 .25820 19 15132 1.68423
9 30 -4.0000 .41523 15 -4.1333 .39940 19 2.1579 2.24260
10 30 -42833 59717 15 -4.0000 .32733 19 1.6053 2.30084
11 30 -44333 61214 15 -4.1000 .33806 19 1.1447 2.20371
12 30 -4.2167 55216 15 -4.1667 .48795 19 1.6842 2.25592

Kruskal-Wallis test was done to compare SNRs, of normal hearing sensitivity
group with conductive and sensorineural hearing loss groups. Result of the analysis
revealed that there was statistically significant difference in SNRsy was present across
three groups; normal, conductive and sensorineural hearing loss (p<0.01).
Successively, Mann Whitney test was carried out to analyze differences in SNRs
between groups. Results of Mann Whitney comparison of normal vs. conductive

hearing loss revealed statistically significant difference (p<0.05) in SNRsq for all lists.

31



Sentence Lists in Malayalam and Telugu, 2014

Similarly, the comparisons done across normal hearing sensitivity vs. sensorineural
hearing loss group and conductive vs. sensorineural hearing loss group also revealed

statistically significant difference for all lists (p<0.01). Z values are shown in table 4.

Table 4: Z value for comparison across groups

List Normal vs. Normal vs. SNHL Conductive vs.
Number Conductive (Z (Z value) SNHL
value) (Z value)

1 -1.06 -5.88 -5.00

2 -2.14 -5.92 -4.99

3 -3.24 -5.93 -4.98

4 -4.03 -5.96 -5.02

5 -1.91 -5.90 -4.99

6 -4.13 -5.94 -4.99

7 -2.16 -5.92 -5.61

8 -3.20 -5.93 -5.05

9 -0.89 -5.92 -4.98

10 -1.58 -5.89 -4.99

11 -1.95 -5.90 -4.98

12 -0.42 -5.89 -4.98

Comparison of SNRg, across different degree of SNHL.
Validation of equivalency of sentence list in SNHL was done by comparing

SNRs of each list across and within degree of SNHL.

Between group comparison.

Friedman Test was done to compare the SNRsy across different degrees of
sensorineural hearing loss. Result of the analysis revealed statistically significant
difference (p<0.01) in SNRs across all degree of SNHL. Later, Kruskal-Wallis test
was done to study how each list is statistically significantly different across all degree
of hearing loss. Results of the analysis revealed statistically significant difference for

each list across different degree of hearing loss.
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In order to study the difference in SNRs, for each list between two degrees of
hearing loss Mann Whitney U test was used. Six independent Mann Whitney U test
was done to compare between two degrees of SNHL (minimal vs. mild, minimal vs.
moderate, minimal vs. moderately severe, mild vs. moderate, mild vs. moderately
severe, moderate vs. moderately severe). Result of the analysis showed statistically
significant difference for all list (p<0.01) between all comparison except mild and
moderate degree of SNHL. Results of the descriptive statistical analysis and the Z
value of Mann Whitney U test for each comparison is shown in table 5 and table 6

respectively.
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Table 5: Mean and SD values across various degrees of hearing loss

List Degree of Hearing Loss

Number Minimal Mild Moderate Moderately Severe

N Mean SD N Mean SD N Mean SD N Mean SD
1 3 -150 0.50 7 0.86 1.18 6 1.00 1.44 3 5.33 0.28
2 3 -1.75 0.75 7 1.71 2.07 6 1.41 1.39 3 5.50 0.50
3 3 -1.75 0.75 7 1.00 2.00 6 1.42 0.97 3 5.00 0.00
4 3 -125 0.25 7 0.71 0.70 6 1.25 1.63 3 4,75 2.75
5 3 -150 1.00 7 1.71 1.52 6 1.83 1.16 3 6.00 1.00
6 3 -2.00 0.50 7 1.00 1.41 6 1.41 1.31 3 5.25 0.75
7 3 -1.00 1.50 7 2.00 1.84 6 2.00 2.07 3 4.50 0.50
8 3 -0.83 0.28 7 1.36 0.38 6 1.25 0.52 3 4.75 0.25
9 3 -150 0.50 7 2.64 1.86 6 2.25 1.44 3 4.50 0.50
10 3 -2.00 1.00 7 1.57 1.51 6 2.00 1.67 3 4.50 0.50
11 3 -158 0.52 7 0.78 1.98 6 1.25 1.08 3 4.50 0.50
12 3 -1.17 0.29 7 1.50 1.96 6 1.67 1.48 3 5.00 0.00
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Table 6: Comparison across degree of hearing loss

Comparison List Number  Zvalue Level of
Significance
1 -2.29 0.02
2 -2.192 0.03
3 -1.94 0.05
4 -2.41 0.02
5 -2.31 0.02
6 -2.29 0.02
o ] 7 -1.96 0.05
Minimal vs. Mild 3 246 0.01
9 -2.40 0.01
10 -2.39 0.01
11 -2.06 0.04
12 -1.83 0.06
1 -2.20 0.03
2 -2.33 0.02
3 -2.33 0.02
4 -2.34 0.02
5 -2.34 0.02
6 -2.32 0.02
o 7 -1.82 0.07
Minimal vs. Moderate 3 235 0.02
9 -2.32 0.02
10 -2.32 0.02
11 -2.33 0.02
12 -2.11 0.03
1 -1.99 0.05
2 -1.96 0.05
3 -2.08 0.04
4 -1.96 0.05
5 -1.96 0.05
Minimal vs. Moderately severe 6 -1.96 0.05
7 -1.96 0.05
8 -1.99 0.04
9 -1.96 0.05
10 -1.96 0.05
11 -1.96 0.05
12 -2.12 0.03
1 -0.14 0.88
2 -0.36 0.71
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3 -0.21 0.82
4 -0.44 0.65
Mild vs. Moderate S 0.00 1.00
6 -0.50 0.61
7 -0.14 0.88
8 -0.38 0.70
9 -0.43 0.67
10 -0.43 0.66
11 -0.58 0.57
12 -0.07 0.94
1 -2.41 0.02
2 -2.40 0.02
3 -2.43 0.01
4 -2.31 0.02
5 -2.42 0.01
6 -2.40 0.02
7 -2.04 0.04
Mild vs. Moderately Severe 8 -2.45 0.01
9 -1.49 0.13
10 -2.39 0.01
11 -2.29 0.02
12 -2.42 0.01
1 -2.33 0.02
2 -2.33 0.02
3 -2.37 0.02
4 -2.08 0.04
Moderate vs. Moderately 5 -2.34 0.02
Severe 6 -2.32 0.02
7 -1.68 0.09
8 -2.34 0.01
9 -2.20 0.03
10 -1.94 0.05
11 -2.33 0.02
12 -2.38 0.01
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Chapter IV

Discussion

The aim of the present study was to develop sentence material in Malayalam
and Telugu for assessing SNR 50. Study involved two independent experiments;
Experiment | and Il. Discussion of the results obtained in each experiment is

described in detail as below.

Experiment |
Experiment | involved three phases; collection of sentences in Malayalam and
Telugu languages, selection of equally intelligible sentences in the presence of
background noise and construction of equalized sentence lists. All collected sentences
in both languages in the initial stage were assessed in terms naturalness and
predictability. After this 304 in Malayalam and 366 sentences in Telugu were

obtained. These entire sentences were rated as highly natural and less predictable.

Selection of equally intelligible sentences was done by means of deriving the
slope of the psychometric function and SNRso. This procedure ensured equality in the
difficult of the sentences and sentences and those which are variable in terms
difficulty were discarded. The procedure of excluding sentences followed in the
present study minimized the testing time and number of subjects tested. This
procedure was similar to the procedure adopted by several other studies in
development of sentence lists of equal difficulty (Versfeld, Daalder, Festen, &
Houtgast,2000, Theunissen, 2008). Procedures in previous studies involved
‘Rescaling the intensities and verification’ for the selection of equally intelligible
sentences. This procedure involves seven rounds of testing (Nielson et.al, 1994,

Vaillacourt et. al, 2005; Wong &Soli, 2005; Wong et. al, 2008) and due to this the
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entire procedure time was prolonged. In comparison to this, the current study reduced
the time required for the selection of equally intelligible sentences study used a better
method for. When performance is taken for a comparison, both procedures used for
selection of equally intelligible sentence yielded same performance (Theunissen,

2008). This was in accordance with the findings of Jain etal. (2012).

The next step was construction of equalized sentence list. Previous studies
employed the method of phonemic balancing for this purpose (Nielson & Dau, 1997;
Theunissen, 2008). But, phonemic balancing method resulted in high variability in the
sentence list prepared by Theunissen, 2008; and also resulted in less performance
equivalence. Hence the present the construction of equalized sentence list. This
involved the selection of sentences based on three parameters; SNRs, slope of the
psychometric function and phonemic content (number) and distribution. Kollmeier
and Wesselkamp (1997) established that selection of sentences using these parameters
resulted in equivalence between the lists. Phonemic distribution of both languages
approximated the exact same phonemic distribution in the respective language except
phoneme /a/ in Malayalam. /a/ was slightly over measured in the sentences list in
comparison to actual occurrence of phonemes in Malayalam Language. This
happened because most of the initial word of the sentences was started with /a/
(example: /aval/, /avan/, avar/ etc.). This was done to make the sentences more
natural.

Experiment 11
Experiment 1l was done to establish sentence list equivalency and to obtain
preliminary data necessary for clinical usage of the sentences. In this experiment
SNRs5, was measured. The range of SNRspacross different studies varied from -2.7 to -

7.8 with an average of -4.24. In the current study the SNRsy obtained for Malayalam
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and Telugu were-4.28 dB and -2.58 dB respectively; which are in accordance with the
values established in previous studies (Kollmeier & Wesselkamp, 1997; Nielson &
Dau, 1997; Versfield, 2000; Wong, et al., 2007). Other important parameter to
understand the variability across list is standard deviation. From the normative data
obtained, all list of Malayalam had an mean standard deviation of 0.53 and in Telugu
it was observed to be 1.78. All final lists had a mean SNRs, relative to the overall
mean were within £ 0.5 dB. This finding is in accordance with the previous studies
(Kollmeier & Wesselkamp, 1997; Nielsen & Dau, 1997; Jain et al., 2012; Geetha &
Sharath, 2013). Other set of studies also had a standard deviation of £ 1 dB (Nielson
et al., 1994; Vaillancourt et al., 2005), these findings are in support with the current

study. Low variability is established across all final lists in Telugu and Malayalam.

The next and the final step of this project were to establish clinical utility of all
sentence lists in each language. Due to the unavailability of clinical population in
native Telugu language the same was done only for Malayalam sentence lists. The
overall result in clinical population showed a significant difference in comparison to
normal hearing group. These differences are described as below for each group with

reference to the data obtained in normal hearing individuals.

Normal vs. conductive hearing loss.

Statistically significant difference in SNRsq scores of individuals with normal
hearing sensitivity and those with conductive hearing loss was observed. Audibility is
the contributing factor in case of conductive hearing loss. But, the difference may also
be attributed to the fact that majority of the individuals who participated in the study
had long standing conductive pathology, which in turn might have lead to speech

perception problems, in addition to less audibility.
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Normal vs. Sensorineural hearing loss.

The difference in SNRsp between individuals with normal hearing and those
with sensorineural hearing loss can be attributed to the impaired cochlear mechanism
in the latter group. The alterations like impaired temporal analysis, loss in frequency
resolution, and loss in sensitivity, occur primarily because of damage to cochlear
outer (and, for more severe losses, inner) hair cells (Moore, 1996). The deficits in
speech understanding experienced by many listeners with hearing impairment may be
attributed in part to this combination of effects. These individuals required large
signal to noise ratio for speech perception in comparison to those with normal hearing
(Turner, Fabry, Barret, & Horwitz, 1992). They also demonstrate poor consonant and
vowel identification in quite as well as noisy backgrounds. This might be because of
the inability to resolve formant transitions and formant frequencies due to widened
auditory filters. In a sensorineural impaired cochlea, the auditory filters are broader in
bandwidth; and in many cases show asymmetry (Glasberg & Moore, 1986; Leek &
Summers, 1993). This variation produces an abnormal internal representation of an
input sound; and hence, a varied pattern of stimulation is transmitted to higher
auditory processing centers. One of the major alterations in the internal representation
is reduced differences in amplitude between peaks and valleys in the spectrum,
making it difficult to locate the concentrations of energy that provide cues for the
perception of different speech sounds. The frequency location of the spectral peaks
(such as formants) is a crucial cue to the identity of some speech sounds; and hence,
extreme spectral flattening may result in poor speech perception ability (Bacon &

Brandt, 1982; Turner, Chi, & Flock,1999; Henry, Turner, & Behrens,2005).
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Across different degrees of SNHL.

The study revealed significant difference for each list across all degree of
hearing loss. The speech perception abilities of people with mild cochlear hearing loss
can be primarily attributed to less audibility. In case of higher degrees of hearing
losses, reduced frequency selectivity of cochlea plays a significant role, apart from
reduced audibility. The impairment in cochlear mechanisms worsens as the severity of
hearing loss increases. This justifies the worsening of SNRspscores with increase in
degree of hearing loss as observed in the present study results. However the difference
in SNRs, scores for each list between mild and moderate sensorineural hearing loss
was not statistically significant. This indicates that, the impaired cochlear active
mechanism may not be so severe in these two groups to worsen the in SNRsg scores in

comparison to higher degree of hearing loss.
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Chapter 1V

Summary and Conclusions

The project aimed at developing sentence lists in Malayalam and Telugu
languages for use in clinical and research work. The study was designed to be carried
out in three phases including collection, equalization and standardization of the

sentences.

A set of 500 sentences in Malayalam and 439 sentences in Telugu languages
were collected from books & magazines and their naturalness and predictability were
evaluated by 10 native speakers of Malayalam and Telugu. High and less predictable
sentences were not considered for the recording and hence deleted from the collected
ones. LTAS was calculated for the remaining 304 sentences in Malayalam & 366
sentences in Telugu which were audio recorded. Using same LTAS values of each
language a reverse FFT transformed speech shaped noise was generated and mixed
with each sentence at different predefined SNR values. The intelligibility of these
sentences was assessed on 25 individuals with normal hearing in the age range of 18
to 25 years at SNRs of -10dB, -8dB, -6dB, -4dB and -2dB (except for -10 dB in
Telugu). Based on the data obtained, those sentences with similar psychometric slopes
were selected and easily perceived sentences (scores >75%) and difficult sentences
(<25%) were removed. Using custom designed MATLAB program code these
selected sentences were grouped into 16 lists for Malayalam and 20 lists for Telugu
(10 sentences in each list) were developed. The phoneme occurrence in each list was
well correlated with the overall phoneme occurrence given by Ramakrishna et al.

(1992). This ensured the phonemic balance across all lists of sentences developed.
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Using adaptive procedure, SNRsy was estimated for all the lists and Mean and
standard deviations were computed. Standardization was done by administering
speech in noise test on native speakers of each language separately. For Malayalam all
subjects were divided into three groups. First group comprised of individuals with
normal hearing and the second and third group consisted of individuals with
conductive and sensorineural hearing loss with flat configuration and PTA not more
than 60 dB respectively. However, for Telugu only one group of subjects with normal
hearing abilities were included for normative data. Due to lack of availability of
participants the test could not be administered on individuals with hearing loss.
Hence, sentence list in Telugu can be used for clinical and research purpose only after

validation.

Based on data obtained, 12 lists in Malayalam and 14 sentences lists in Telugu
were developed. Overall, the Malayalam sentence lists could be used in speech
perception testing in various contexts and are made available for clinical and research

utility and Telugu sentences needs further validation.
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Appendix - A

Rating of the sentences for their naturalness was based upon five point rating scale as

given below. (Adopted from Wong and Soli, 2005)

1. Totally unnatural, and not encountered at all.

2. Somewhat unnatural, it is unlikely that one such sentence is encountered.
3. Sentence is unusual, but you may have heard.

4. Natural but less frequently encountered in everyday conversation.

5. Natural and frequently encountered in everyday conversation.

Rating of the sentences for the predictability was based upon three point rating scale

as given below:

1. Highly predictable
2. Predictable

3. Not predictable
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Appendix - B
List1
ZI Sentences in Malayalam IPA
0.

1 | Qoemz{oEBO0 o le@XNO ] va:nijarangat puro:gatr unta:j
oenzOw]

2. | @RAUM 2Ra®RIBE GRM 6O avan comatalakal anjars e:lpicco
R fl2)2

3. | ®&88mdd aImonileal a8y | ka|lanma:r vanattils marianal
cm(ﬂg’]_yg mo:s{Icco

4. | 20D (QIBODEBOC ma:d"jama pravarttakar

qLE2AGMOD 10Y LM
samme:|anattine vannov

5. | leD@@dWE oD @eifloel pra:jama:jappo:| talajil3 mud1 nafaccu
s mo2))

6. | allapdmdl ~pmosovleal vrdha:rtt"t pustakattils tstokal
OB @eng)ailslay) kanfopcco

7. | 9908 O ®08 OnleEIO vardjutijots vpabro:gam valars ku:dr
aneal éys]

8 | @SR BaHeMEBBUD lOam katala:sa kasnanal parannu po:j1
Gald]

9. | &d)leed0m alwallal aflow | krisikka:ran vajalil vitte vitacco

afloa))

10. | @RI @emeailel e@am avar tanalil 1ionna visramicco

Qe o)y
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Appendix - C

List 2

SI. Sentences in Telugu IPA

No

1 | argedd DS Do pjanU gallkl dipam arlpolndl
&SOFONOH

2 | % ey otadU elloppudU mUndadUgU
3008 FF vestadU

3 | PyogsdSSyb0 Oy svatantrja dInotssvam rodzU
PO T pato padUtUnnarU

4 | dEegoBd HHoIr 0 vidjart"UlokU samojospurtl tfalo
3P0 €93:080 avasSaram

5 | ee0eS Sofien ot aurllo dongslU ondorU
BT pattUbaddarU

6 | BENESy DOO §o& H&od | tfettU komma vlrigl

krindopadindI

1| 2re garge S8 babu lvvals tveraga nldropojadU
QGO0

8 | S0 G WoFoNod kalomlo slra alpolndI

9 |8 00SBNT°R8 D3y o | 0ka somuatsaranlkl psnnendU
Seoen neloLu

10 | g8 QoL S ItadU tallidondrUls kala
36300y nersvertfa:dU
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List 3

SI. Sentences in Telugu IPA

No

1| 8w A a pakfUIU nirU tagUtUnnajl
(DT QW

2| & DENEL D000k a me tfettUkU ni(|U postUndI

3 | & B DOHgJore ame godInl parlsub*romga
GOEO UnyUtndl

4 | DBOLH DTFAHOICE0 parUlokU sohajom tfejodom
&5 (o0 Uttoma gUnam

5 | oo¥) Halwybes” okka tammuUdIto
305878000 togUvUladUtUndI

6 | oS G0 Iy TEO tato KottelokU ve[[l goddall
ST 6 paravesUkUnnadU

7 35 9BerS0d dergd [todU pratl bhavents vl dhjar ']

8 | Oody Hodoen PP roltulokU pantoalU baga pondali
DOGCON

9 | 2008 eerP 28 wueod | bantl baga palkl egUrUtUndl

10 | 95 S&0ad) rdon atonU tfodUvU purthal

NIAEISIN INEABIeY

vldefaloKu ve[ladU
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List 5

SI. Sentences in Telugu IPA

No

1 | 00 AES6E agglpUlla nitllo padl arlpojindI
&SOFONOH

2 | ro durgren 68 SWND | pale padartialU otadlkl

natftfovU

3 | wrdy a8 OFAkho dod | bharjs bhartakU sahajom tfesindl

4| DY WX O plllavadU adUtu mattl tinnadU
By

5 | 0238 8350 e asob"slo dzonam tfepalovale
STy & unnarU

6 |00y eS’essio 3G va||U bfodzonom vedlga
SG0T vaddIntfarU

7| 3OsL gy wrer roltUlokU vldjUttU tfala
93050 QvasSaram

8 | % &iobo Nard Wdod | okka Udojom tfopatl tfesindl

9 [ & A% Sogren a¢are | a jenUgUKU dongalU peddovlga

Unnojl

&°) 0N

10 | 0de0%0 PO’ 8w jedUrU galllo salkIIU tokkstom
578, 60 890 kogtom
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List 7

SI. Sentences in Telugu IPA

No

1 | 088 SO0 sweado otodl nelasarl adajom ekkUvo
280765

2 | B3R DRTOR IRER tonokU vldefalokU veljalonl
6% korlka
SLAPVINVATISINNWeTa) roddU madtjolo pamUndI

4 | DEEPOS g0 8& pattonalolo kalUgjom roddi
Doy S ekkUva

5 | D& aren Wgrdescheinod | papakU palU tfallars bedU

6 | D0GEsL0ES’ e 1'eLr:(EI];Hkalemlo bavUIU endlpotajl
Nlolet:iiaileW

7 | & 308 Hpuot 250S | a Intllo plllalesants ekkUua

8 | e S0 Wogdozoowr | ame muktom tfondrobimbomia
06 undl

9 | SHoVBIO0 OO mantf1 tanam andarinl
FE08 kapadUtUndI

10 | e9gh¢h PGS’ A0y atadU slsalo ni(|U

Q0T €

nimpUtUnnadU
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List 8

SI. Sentences in Telugu IPA

No

1 | 88 8 00D I kKavlta andoarinl mepplntfindI
SV elWely

2 | 50% O A0S kUKko plllinl
58508 vidtllotorUmUtundl

3 ¢ TGS’ DS sita ramUdIto adavlkl vel|IndI
JPHOL

4 | S80S IO Fedogo vorsamlo nemall natjom
29500 tfestUndl

5 A& &0 DO Juritoddy | vld'dIpam sarlgga velogatom

ledU

6 |Gy arG Dodden uljo padl pantalU somurUdtlga
QDOSYRP HOLTOW untajl

7 | 9088 Qarge A0 Intllo lvvals dipam vellgintfs
FORO S ledU

8 | %G K0¢3Q 38 B3I atadl IntInl tanlkl tfefarU

9 | RedHGS P QPLNotien devUdIKI tfala pulodondalU
S38s vesary

10 | SoosL Hodoww raltUlokU poantalU
OBOSEIS SS0SES pandintfadanikl d"anomledU
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List 9

Sl Sentences in Telugu IPA

No

1 | Sre80eS HHERSR0 ety | hatokomlo pagoatlvesom vesadU

2 | 2a53°y 00 &S D2ozD ommojl atolo ribbanU
FTENS00 pogottUkUndI

3 | ¥y wrer TP eod | mokka tfalapodovUgs vUndI

4 | g S0P PO lvvale vontovadU raledU

5 |3y IRy oS adaedy | nanne ennlkalalo gelltfarU

6 | O00rAS oty prasanganlkl ondorU tfoppatiU
S0y KottarU

7] 3RS0 B0 bhavlgattukosam dhanom kudo
SISO bettovalenU

8 | PO 9y GO papanU ommo ujalalo upUtundl
&820)C000

9 | 200N 8o dwod | bajatlgall dzorUga vistUndl

10 | 0%’ Lard sontalo plllovadU topplpojadU
5335
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List 10

SI. Sentences in Telugu IPA

No

1| ey dreooren Ofaho | ame snehituralU sohajom
3200 tfesindl

2 | Ir%0 S oered 830 nakU letogUlabl Istom

3 | DR dLHE vidjart"UlokU selovUIU
D) atovldUpU

4 | QHIPIDS Larseaien dIpavs|lkl topakajalU pelUstarU
VLOPE

5 | 308800 weerarararen | IntimUndU tfala vahonalU

nllobaddajl

QL20GCOW

6 | QW LS TE0owd | plllslU peddalonU gaorovintfall

7| Sgrosh Bdeden dozeow | varsanlkl tferUvUIU nindajl

8 | erew 838 oG babU kitlkllonUndl
SO kIndopaddadU

9 | ©% G LYo P GOk okkadl bellom tfedUgaUndI

10 | oSy 28w anna salkllU

nertflUkUntUnnadU

&363&&)0&1)@ NS




Sentence Lists in Malayalam and Telugu, 2014

List 11

Sl Sentences in Telugu IPA

No

1 | 05P0 & 00k simham adovl nUndl
530508053 toppIntfUkUnnoadI

2 | DY S5 S0t plllovadU toppUIU lekUnda
SO tfodlvadU

3 | dgw IOS e plllalU vithloats tfustUnnarU
Wroary) &

4 | & NS U D irodzU aprisUlo tfalapanl UndI
&O&

5 | @ady w0 &S | ammo tolosnanam tfesl gudIkl
3906 ve[lIndl

6 |y ©dyso dHFAho pllalU ammokU sohajom
236 tfesarU

7] gaeg¥ PRy SreTrd 29y | lvvals masne:hItUrall pef]!

8 | 2SS S wod | peradUlo tUlssl mokkos Undl

9 | REFOD Qreed’ patafalonU pulatho
00800378 alonkarintfarU

10 | 52070 TPg0g S0y a bavllo ra]]U koppalU Unnajl

G° O
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List 13

SI. Sentences in Telugu IPA

No

1| 3y arendodooesso nanna palU tisUkUravedom
558289 maratflpojarU

2 | & QICPS 2350 a vlnjasanlkl dzonom bago
Y voatftfarU

3 | F°EE Sot otodU godokU rangU
S0y 6 vestUnnadU

4 0080 osEren SGrP sontorod3zU dUkanalU raddiga
FURPIS UndUnU

S | 0S50 CHYR N monamuU jelloppUdU mant/l
5509989 EPEITSH nitInl tragovslenU

6 |8 §050H wovoBky | atadl korlkalokU ontom ledU

7 508 Q& eowdrasron | kUndalo nirU oflpojajl

8 | )8rord ggn snehltUrall 111U pakkonaneUndl
FSSIENNTeTA

9 | i Troned” o8y otadU rajltokUkkanU kottadU
§Ere0

10 | Q80 HYOFR) DR800 nirU pallom valpU

pravahlistUndl
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List 14

SI. Sentences in Telugu IPA

No

1| F6% g fGairdo eod | godokU peddagadljarom Undl

2 | 50& TFOIII ©Iy Intl talomtfevinl anna
PO ¢ paresUkUnnadU

3 | a0yt @y 0 JOrP tommUdU onnom sarlga
B35S tInaledU

4 | 933 esdmrod wsnytod | ame uragajo ommutUndI

5 &y sreooeds ebo | tanU snehltUral Ikl Uttarom
006 rastUndl

6 | & dTegrw QB a vlnjasalU pradzalokU
SOLRDY 00 kaloksepannltfajl

7| odome sdabenyeed” | akafoments karl mebbUloto
2OB0E nindindl

8 | 80 d0Hh rTeen ame songits pathalU nerpUtUndI
MeVNu:VeTA

9 | §doed” Dy Treoomren kridalatho snehabandhalU
= 80508 perUguUnU

10 | S HarsDs goed8 Jee | nenU dipavs|IKI Intlkl ve|tanU
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List 15
SI. Sentences in Telugu IPA
No
1 | o8& eoridoes atadl Ungaromlo
S55&Py oy novaratnalunnajl
2 | 80086 o3c%088 depo | adovl nUndl bhsjankars fobdom
3 vastundl
Sslela) A
3 | Ba) DNS (56 DO avU tfenUlo goddl mestUndl
4 | SODTL0S" A Dg vesavl kalomlo nl:tl somoasyo
adrlkom
Dltle) a
5 | 0% ¢ el Doudod 0006 | akkads 0ka sangstans
dzorlgindl
6 | Jryes® ©dy 0 atadU spunUto snnom
Bty tIntUnnadU
7P D rrewen erthary ow | paps tfe:tl gadsUIU bagUnnajl
8 | D0y BE, 8880 FEGo | plytfTkUkks karsvadom
hanlkarom
9 | 00850 ¥y oo | anUkokUnds va[s projanam
SOPONOH aglpojindl
10 | oo &9 hodo§od ratronta pllI1 mantfom krinds

QLEAF0N0H

nIdUrapojindl
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List 16

SI. Sentences in Telugu IPA

No

1| &0) &S’ 8e0 @08 avU pedato U allkarU

2 | 0% 0 w8des atonU ratrl akllto nidrapojadU
Vatifevnled

3 |3 S YO HSPW lol mans Intl patraly

4 | %) Sob 3Boydotwod | akka vants nertfU kUntUndl

5 |l §' o Sy & varyU kotto karU konnarU

6 | edo0oes” ard Sy brojomto paps talUpUIU
PO terltfindIl

7| 98 00 §68°ed | ellopUdU montfinl korUkovall

8 |edywren 838 'R ey’ | appadalU KitIkllonl debbalo
sy O Unnajl

9 | DAADB0E 90N D& padovivlromanp al padl
0SB TOHEOB somuatsaralovUtundl

10 | QS S0t W nil]alo valonUndl

$230:508) &

tfepatoppIntfUkUnnadl
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List 19

SI. Sentences in Telugu IPA

No

1 | odg 88060E daedore | auvakarra pattUkonl nidananga
SEa%06 nodUstUndl

2 | 2y &Sy 0 ey & ammo perUgonnam dabbalo
=808 pettindl

3 | & Suthdo e analUgUrU sab"anU
S$B80308) vanlkiIntfarU

4 | g Dw IppUdU rallU bajalUderutUndl
20000RER0H

5 | 0BG §0y §7Hoed” otadl ka||U kopamto errobaddajl
Vet milelV

6 | 3% odedrd S QS paps enUgU midaslkarUkU
39900 vel|IndI

7 S8 g8 roddUkU IrUvalpUla
EOSEPOIT®y O dUkanalUnnajl

8 | e ooy (e plllalU bojato gottlga
oS0y & golatfestUnnarU

9 | w0y LG edohosdore | ame kal|U
iy O peddogablajonkaranga Unnajl

10 | SoReS’ Sden ewoyow | kolonUlo kalUvaU Unnajl




Sentence Lists in Malayalam and Telugu, 2014

List 20

SI. Sentences in Telugu IPA

No

1 | Bodnoey S&e && kUtUmba roksens atadl
R SEE S50 pratranakartovjom

2 | W08 eudeaden tfallkl UlanU battalU
55050065780 vesUkUntarU

3 | PIE ST DOFSED analUgUrU sobtonU

vanlklIntfaru

4 | 9 oS E$09B00 otadU darllo ko[ UtIrlgl
B APOSTO padlpojadU

5 |3 &dy s 0 O | repU Udjoganlkl modatlro dzu

6 |50y SoNRS HA Ik | amma vantagadIlopanl tfestUndl

7 0P8y 80 00 DD pratlokkarU montfIpanUlonU
508050 prasim(intfall

8 | D050 ORS00 pandUgakU kharidalnadUstUIU
Sy konnadU

9 | 0 W) B0 eowzrd | atadU tfInnatonamlo balafall

10 | & Svotoes” e9ady 0 HOrP i mantato annom sarlgga

&8

UdokadU




Sentence Lists in Malayalam and Telugu, 2014

List 2

Sl Sentences in Malayalam IPA

No.

1 | ©2l00lapgg wenjees®d | yecatll ul|a fabdanal ke:|vij
eadilo® endwlesn)m; ba:d'ikkonne

2. | @RQUMD d:g3)8d0M avan ko:ttuka:fana katts ajaccu
& 00 GRW 2)

3. | @)dle0d0m &O8®o | krisikka:rana ka:|ajum pasooum vnta
alp) o QNS

4. | egletdeedw] kuttikalkkar citraracana malsaram natattr
ofl®eadm amdmo
mso |

5. | @oza @raimdow e amma alama:rajil tunzka| vaccu
Oem 1dtd gy

6. |@oallnjooled mlmy ma:linjattzl ninns v:rjyam vlpa:dippicco
000280 ©@aldE]a {12y

7. | @RI EOF[OOD aja:| ra:fjatts sambannaril ora:|a:na
MoenIM® 1@ BIGI6M

8. | lnddhOoo Qg praka:sam valar3 ve:gattil sanjartkkonno
COINOD 1@
TVEUMD 166,

9. [aflad aflglef ctlar vr:ttil mriganals valarttonno
D\NEBROE LGB,

10. | QUBaHo EMINY0 varsam to:rom paristith prajnam ko:d:
al@lmudlo] (alud Mo
&S]




Sentence Lists in Malayalam and Telugu, 2014

List 3
Sl Sentences in Malayalam IPA
No.
1 [@eaud egmle aes] avar 1lanz:r va:n1 koticco
S 12
2. |@ealles @ocum avif3 avana suktama:n3nna parapnov
MELIADOEMM A OO0
3. | @eQIM old(@oW o avan pa:trattil braksanam kajicco
BHHOMo &Y gy
4. | EeWled®] ([« IANPMWI®820s | adika:r1 prava:sikaluts prajnam
(Mo o lTlaO@ 2l partharicco
5. | WO(@&9d3 Meua ]y ja:trakka:r sanjaricca to:nr maripno
e®oem| ) leom
6. |@oa @O EHOTIN | 3mma avants IstattIne vajant
QIYeBR]
7. | @dgle mloaiw] ka:tt1l niravad" j1:vasa:lanal unte
glunoelERd oo
8. | uflewonemngled aoeBg | yayjo:ranalil maranal natto valartts
moQ USR]
9. | auenaileyes msowlalay paddatijots natattzppine panam
~lemo @OMOUE 12 anvvadiccu
10. | @Goed &)5186)@2Id0)

0S00) 19}

amma kottikks co:rs kofuttilla




Sentence Lists in Malayalam and Telugu, 2014

List4
Sl Sentences in Malayalam IPA
No.

1 | mnoooleal qUiHd,

NN B alem12)sH6 |

nagaratils swaka:rja basuvka| panimutakk:

2. | ad@latdsTalloal @Gy paripa:tijil3 a:dja tnam pa:tts a;jironno
Mo 10§ @RWIdYM,

3. | @AM aldlesiw o avan part:ksajil onna:m st"a:nam va:n1
&MDo (MOdMo UDEBE]

4. | em eealles INN9 avIf3 cantame:|am vnta;jironnu
0.216N18CAG0
oo lo)m)

5. | @alleygs @020 ruciju||a a:ha:ra pada:rtthana| kajicco
aJBOAEERE HYa))

6. | @00 Gnld QU880 &G | kyre: pe:r vallam kalt ka:na:n vannu
HOeMOMd M

7. | @ROIOMIO) BRYMOW avanoru a:naj3 vilatkks va:nr
afleies) uoess]

8. | GEOUD $00 Ao ava| kors samajam pra:rtthicco
(1032

9. |llgloar mw eyslow ur:ttil3 na:ja kottys katicco
&Sy

10. | @21@O80M) 1©d malaja:|att1l anpattij:re aksaranal unta
GRMDAIOD 1O

GRAHOEBBUD QNS




Sentence Lists in Malayalam and Telugu, 2014

List5

Sl Sentences in Malayalam IPA

No.

1. | @%fo MOIMIOO | rajjam sa:mbattika valarcca ne:fr
gda] ems]

2. | Galm @d0¥ Alemy pe:na taj3 vi:na pottr
0al10g1

3. | QURHDRE o lvsOmE8s varsana| pajakkamu||a J1la kant3tt
wlal Hemsoo ]

4. | @oJeM HOOIM a&bM | atfrants kattine makan maropatr ajacco
a0als] GRW.a))

5. | @R mledweow] avar nira:fara;j1 vr:tt1lskke matan:
aflslealss) asess]

6. | MG2AGM MNAIOD &S] samme:|ana sthalatte kot vjarnnu
OB

7. | MoudMo  MoenJBep samst"a:nam sambu:rnna sa:ksarata ne:dt
MISHOO® GMS]

8. | masleal @REHEes na:ttil3 a:|uvkalut3 3nnam kuo:tr
af)epo &g

9. | BHYMEMo 2IQIJOWBOIM | hhaksanam cavatfrarajkka:n pallukal
al@pd0d eeMo venam

10. | @O(@ENHID HIFIMo

MHI6eMOD M

ja:trakka:r kotta:ram ka:na:n vannu




Sentence Lists in Malayalam and Telugu, 2014

List 6

Sl Sentences in Malayalam IPA

No.

1 | apnvdlawled ays 620 | pa:yajilajil cotte co:ra vijambr
aflgmi

2. | @O @AM oM Odbo aja:| avana pustakam kotutto
OISO

3. | @I Alwaflal Ay aja:| vajalil va:ja natto
M3

4. | @GoER &600 100 amma koppinte paricaranatil sradd"itfo
1@ al@emoD 1@ ((orL12))

5. | @RQUM o lojon8aom oY avana patfave||attil kolikka:na:na 1stam
$)S186IMI6M &YYo

6. | uflwalsloa aoewswd vajgjartkils maranal moricco ma:tt
2012] @3Q]

7. | @RGGaNo MEMaNBOMIOS | adde:ham snehatto:te avans ja:traja:kki
@ROUOM WIOWIHS |

8. | @oOUd @O0 len avar marattinte tanalil visramitfu
oemall® allweala)

9. | =aionil@d mlmyo jalattrl ntnnom vardjotr vnta:kkonno
0ONUBQD | DENBIBE)M

10. [ afl@d almgo com pu:vil ninnom te:n fe:krartkkonno
GUOGLID 166,




Sentence Lists in Malayalam and Telugu, 2014

List 7

Sl Sentences in Malayalam IPA

No.

1 | @Ge2a @600 lom amma kotty3 toftilil vrakki
oo5lell®d ©0se |

2. [ @R ald(@onilel ava| pa:trattrl bhaksanam kajrtcco
BHYEMo &Y o))

3. | yaeyaum alal afldl alo | mskkovan vala vrft mon piticco
ad1s 9y

4. | @31e0de6 kottikalkks kaltkkvva:noru pants krttz
&G BAUDOMIOY lD)
&15]

5. | 800 GREMH0d kore: a:|uka| vlsavatine vannv
Q@IVAIOD M M

6. | @lsiyed Aflensyo [Isjan vI:nfom gurovIn3 vanIccu
mo)dlem cueila)

7. | @QUB algemoilel avar pattanattil jt:vikka:n totant
glaileeom oyseas]

8. | @R &6l lom amma koppin3 nanna:jt valarttr
MmO UG

9. |eacus @l mlelgjeadd | vardhjutr nilatfrappol vilakks katicco
Agss) SO gy

10. | @ROUM  dB35HIM OO avan ku:ttuka:rants kalja:nattine po:1
&HEl{2eMmOm 1) Galdw]




Sentence Lists in Malayalam and Telugu, 2014

List 8
Sl Sentences in Malayalam IPA
No.
L @RAIR 3538000 avar ku:ttoka:rs snshapu:roam
VEMaDa B swi:karicco
m @12
2. | cagaflod me:|ay1l palatarattilul|la pu:oukal
~BI0000 1265 pradarfippicco
aORBD (n 18U {12
3. [epol® @elalmesud putija ulpannanal vipangjil vanno
Qatemla @ cumy
4. | mveoole Aelle nagarattil valija kettrtanal| nirmmaitfro
odSlseasud mldenla)y
5. | esdsal mleatoowleeg ko:tatr nirapara:.dikal3 vittajajkka:n
flsw@ieed ti:roma:nicco
®@0M 12))
6. | al)gfo MOWMEBBUWLER0 | 3||a sa:drananalkkum vila kot
allar s
7. | &gl me) OS] WEle) | kuittr nalla utoppa draricco
8. | alemonilmeg @gelfo panattints mu:ljam kors ifippo
)00 s leomy
9. | Galdalidh (MVAYRIAIW po:saka samridd"ama:ja paccakkarika|
ol 8000 10 UI6BE12)) va:niccu
10. [ mgalem aflar aflensyo

&ys|

mu|akint3 vila vr:ntom ko1




Sentence Lists in Malayalam and Telugu, 2014

List9
Sl Sentences in Malayalam IPA
No.

L [ oPqles ©nlewdwla]

&gla 050 ©NBIEE ]

pla:stik vpajo:giccs kalippa:ttam vnta:kk:

2. | ac0onleal gneldd marattil3 1laka| kojipnes vinu
oov ey Aflemy

3. | mgleal alveBBg)o na:tt1l3 pajanalvm paccakkarijom
~aieod@o swa:distama:na
e lygadem’

4. | eelonleal 0QIBBOOI® | ky|attils vs||atttl pajjal nrapno
D@ MmI0eom)

5. | eeslygg Mmes(®o braniju||la naksatram a:ka:fatte minnittr|an:
GBREHIRO))
alam oo 1gess)

6. | @)ll69dd @dXMAIG0 kristkka:r ra:savalam
Gra 12w . .

amiItama:j1 Upajo:gIccu

Dalednla))

7. | @RAIM (2 lRdM OMIW avan prafastana:ja kaltkka:r1l ora:|ana
HE186000 1M 3dI826m

8. | BEOIM @RAIMOO aban avasaram parama:vad"t vpajo:gIiccu
a1E2IUW] Qale@dwilayy

9. | (1O2OD T LMMCNIBHE gra:matil qanasambarkka paripa:{1 natattr
al®latds] msom]

10. | ol @ dloow ol

mloa)y

koppijil nirajs mas1 niraccu




Sentence Lists in Malayalam and Telugu, 2014

List 10
Sl Sentences in Malayalam IPA
No.
1 | ayglwes opollw kottijots putija ovtoppil c3lijajt

0o {l0d 0.01g o]

@) H UMD Alm

ad1S1ee20M Gald)

mukkovan mi:n pitikka:n po:jr

@ROUB enMeel
aflauan oo o

A108>S) 00

avar 1nnal3 viva:hattil pangetotto

@R2IM AHOMIDY

aldOe® meis |

at/"an makanoru pa:vaj3 nalk:

@R e dhe
0sloss)

avan kannuka| mou:tikkstiz

BRI EE)
Wom® 66)88

a)OM'&d00 2IE]a))

aja:|kks dr1:ratarkko||a puraska:ram labMicco

AlOEHIEOI2I0m A0
OENBIH)MO

MOWIEMAIEM

pari:-ksakka:latte marav1 vnta:konnats

sa.d"a:ranama:na

)0 1M
alDOMAIDH6)

al@lnemm mels)

mutirnna pavranma:rkks pariganana nalk:

aflanaoooIn cum
NIMYEOUW  af)2)d0

Cald]

v1iva hattine vanna band"ukka| 3lla:m po:j1

10.

@R.2J @d0ileal

(GTGMCSGDDG)SD%:IO Galow]

at["an ra:v1l3 ammajo:foppam po:jt




Sentence Lists in Malayalam and Telugu, 2014

List 11
Sl Sentences in Malayalam IPA
No.
1. | @dglcd ka:tt1l palatarattilo||a pajanal vnts
~J2lmOOm 1288

alPeEsud oene

2. | algemoniled Qldw pattanattil va:;ju malinickaranam ku:tr
peflnlaoemo  &ys]

3. | eneeoeion 1kka:latte ku:ttukutumbanal kurava:ne
B §2B>)S0eNI6BBUD
)OI

4. | SILUBCAM ka:lakrame:na nijamanal ma:r1
Mmoo 2101

5. | adomlond panikka:r anakksttile pan: pu:rttrja:kkz
GREMOSOS 08I alem]
a 13O0 @66

6. | @D aflgewdes avar c1tfajo:t3 ka:rjanal c3jto
&I (6080D 6.1 O

7. | @ISO 9OmOAI ko:tatr uvttarave yananalkks saha:jakama:jt
2MEBRUDHEY
MO HAOIW |

8. | &gl aleml aflsla] kotfr pant prtices kitappila:jt
& 15q 1010

9. | GalgM GRAAWYOS c3ttan ammajo{3 koots vr:tfilsttr
ages aflglealon)

10. | @10 eUnOD @

£ A yNAdEM

kotira ve:gatti| o:fuvnna mrigama:na




Sentence Lists in Malayalam and Telugu, 2014

List 12
Sl Sentences in Malayalam IPA
No.
1 | amyeyalailea marobhu:mijil3 sasjanal valars caruta:na

MLV (68800 LG

0.210)@®I6m

2. | lsee mldaaendm | kitakka nirmikkova:n pappr opajo:gikkonno
Al ©alemndUIee)am)

3. | GRaIBHSO0 @ 8o apakatattil valar3 pe:r kollappsfto
Gl 08220 ]S)

4. | aledlad IO B30 | paksikal valars dhuiram paranno
a1Om

5. | 4880 alyg kallan pu:tte polikkuvva:n sramicco
0010818000 (oar gy

6. | QUQP@ lOD A8 | pavva:l pajutta ma:na tinnv
@1

7. | @U@ 88 Isee @ lod a:Jupatrikkitakkajil ro:gika| kritakkonno
CIN 1B & ISHe)M)

8. | alp@0I@ =®eldowoo pajattil yala:mfam dra:ralam
w2280 adanijirtkkonno
@BRSE8R W 1@ 186

9. | @eAUOMI® 1§ avanoru pa:tte mujvvanaij pa:tl
2)9)UMO@] 18]

10. | gomMeal @RBIUo

CAONRIDO é@mmﬂ

#I6MOn|S)

1nnal3 a:ka:fam me:gha:oritama;jt

ka:nappstto




Sentence Lists in Malayalam and Telugu, 2014

Appendix - C

List 2

SI. Sentences in Telugu IPA

No

1 | argedd DS Do pjanU gallkl dipam arlpolndl
&SOFONOH

2 | % ey otadU elloppudU mUndadUgU
3008 FF vestadU

3 | PyogsdSSyb0 Oy svatantrja dInotssvam rodzU
PO T pato padUtUnnarU

4 | dEegoBd HHoIr 0 vidjart"UlokU samojospurtl tfalo
3P0 €93:080 avasSaram

5 | ee0eS Sofien ot aurllo dongslU ondorU
BT pattUbaddarU

6 | BENESy DOO §o& H&od | tfettU komma vlrigl

krindopadindI

1| 2re garge S8 babu lvvals tveraga nldropojadU
QGO0

8 | S0 G WoFoNod kalomlo slra alpolndI

9 |8 00SBNT°R8 D3y o | 0ka somuatsaranlkl psnnendU
Seoen neloLu

10 | g8 QoL S ItadU tallidondrUls kala
36300y nersvertfa:dU




Sentence Lists in Malayalam and Telugu, 2014

List 3

SI. Sentences in Telugu IPA

No

1| 8w A a pakfUIU nirU tagUtUnnajl
(DT QW

2| & DENEL D000k a me tfettUkU ni(|U postUndI

3 | & B DOHgJore ame godInl parlsub*romga
GOEO UnyUtndl

4 | DBOLH DTFAHOICE0 parUlokU sohajom tfejodom
&5 (o0 Uttoma gUnam

5 | oo¥) Halwybes” okka tammuUdIto
305878000 togUvUladUtUndI

6 | oS G0 Iy TEO tato KottelokU ve[[l goddall
ST 6 paravesUkUnnadU

7 35 9BerS0d dergd [todU pratl bhavents vl dhjar ']

8 | Oody Hodoen PP roltulokU pantoalU baga pondali
DOGCON

9 | 2008 eerP 28 wueod | bantl baga palkl egUrUtUndl

10 | 95 S&0ad) rdon atonU tfodUvU purthal

NIAEISIN INEABIeY

vldefaloKu ve[ladU




Sentence Lists in Malayalam and Telugu, 2014

List 5

SI. Sentences in Telugu IPA

No

1 | 00 AES6E agglpUlla nitllo padl arlpojindI
&SOFONOH

2 | ro durgren 68 SWND | pale padartialU otadlkl

natftfovU

3 | wrdy a8 OFAkho dod | bharjs bhartakU sahajom tfesindl

4| DY WX O plllavadU adUtu mattl tinnadU
By

5 | 0238 8350 e asob"slo dzonam tfepalovale
STy & unnarU

6 |00y eS’essio 3G va||U bfodzonom vedlga
SG0T vaddIntfarU

7| 3OsL gy wrer roltUlokU vldjUttU tfala
93050 QvasSaram

8 | % &iobo Nard Wdod | okka Udojom tfopatl tfesindl

9 [ & A% Sogren a¢are | a jenUgUKU dongalU peddovlga

Unnojl

&°) 0N

10 | 0de0%0 PO’ 8w jedUrU galllo salkIIU tokkstom
578, 60 890 kogtom




Sentence Lists in Malayalam and Telugu, 2014

List 7

SI. Sentences in Telugu IPA

No

1 | 088 SO0 sweado otodl nelasarl adajom ekkUvo
280765

2 | B3R DRTOR IRER tonokU vldefalokU veljalonl
6% korlka
SLAPVINVATISINNWeTa) roddU madtjolo pamUndI

4 | DEEPOS g0 8& pattonalolo kalUgjom roddi
Doy S ekkUva

5 | D& aren Wgrdescheinod | papakU palU tfallars bedU

6 | D0GEsL0ES’ e 1'eLr:(EI];Hkalemlo bavUIU endlpotajl
Nlolet:iiaileW

7 | & 308 Hpuot 250S | a Intllo plllalesants ekkUua

8 | e S0 Wogdozoowr | ame muktom tfondrobimbomia
06 undl

9 | SHoVBIO0 OO mantf1 tanam andarinl
FE08 kapadUtUndI

10 | e9gh¢h PGS’ A0y atadU slsalo ni(|U

Q0T €

nimpUtUnnadU




Sentence Lists in Malayalam and Telugu, 2014

List 8

SI. Sentences in Telugu IPA

No

1 | 88 8 00D I kKavlta andoarinl mepplntfindI
SV elWely

2 | 50% O A0S kUKko plllinl
58508 vidtllotorUmUtundl

3 ¢ TGS’ DS sita ramUdIto adavlkl vel|IndI
JPHOL

4 | S80S IO Fedogo vorsamlo nemall natjom
29500 tfestUndl

5 A& &0 DO Juritoddy | vld'dIpam sarlgga velogatom

ledU

6 |Gy arG Dodden uljo padl pantalU somurUdtlga
QDOSYRP HOLTOW untajl

7 | 9088 Qarge A0 Intllo lvvals dipam vellgintfs
FORO S ledU

8 | %G K0¢3Q 38 B3I atadl IntInl tanlkl tfefarU

9 | RedHGS P QPLNotien devUdIKI tfala pulodondalU
S38s vesary

10 | SoosL Hodoww raltUlokU poantalU
OBOSEIS SS0SES pandintfadanikl d"anomledU




Sentence Lists in Malayalam and Telugu, 2014

List 9

Sl Sentences in Telugu IPA

No

1 | Sre80eS HHERSR0 ety | hatokomlo pagoatlvesom vesadU

2 | 2a53°y 00 &S D2ozD ommojl atolo ribbanU
FTENS00 pogottUkUndI

3 | ¥y wrer TP eod | mokka tfalapodovUgs vUndI

4 | g S0P PO lvvale vontovadU raledU

5 |3y IRy oS adaedy | nanne ennlkalalo gelltfarU

6 | O00rAS oty prasanganlkl ondorU tfoppatiU
S0y KottarU

7] 3RS0 B0 bhavlgattukosam dhanom kudo
SISO bettovalenU

8 | PO 9y GO papanU ommo ujalalo upUtundl
&820)C000

9 | 200N 8o dwod | bajatlgall dzorUga vistUndl

10 | 0%’ Lard sontalo plllovadU topplpojadU
5335




Sentence Lists in Malayalam and Telugu, 2014

List 10

SI. Sentences in Telugu IPA

No

1| ey dreooren Ofaho | ame snehituralU sohajom
3200 tfesindl

2 | Ir%0 S oered 830 nakU letogUlabl Istom

3 | DR dLHE vidjart"UlokU selovUIU
D) atovldUpU

4 | QHIPIDS Larseaien dIpavs|lkl topakajalU pelUstarU
VLOPE

5 | 308800 weerarararen | IntimUndU tfala vahonalU

nllobaddajl

QL20GCOW

6 | QW LS TE0owd | plllslU peddalonU gaorovintfall

7| Sgrosh Bdeden dozeow | varsanlkl tferUvUIU nindajl

8 | erew 838 oG babU kitlkllonUndl
SO kIndopaddadU

9 | ©% G LYo P GOk okkadl bellom tfedUgaUndI

10 | oSy 28w anna salkllU

nertflUkUntUnnadU

&363&&)0&1)@ NS




Sentence Lists in Malayalam and Telugu, 2014

List 11

Sl Sentences in Telugu IPA

No

1 | 05P0 & 00k simham adovl nUndl
530508053 toppIntfUkUnnoadI

2 | DY S5 S0t plllovadU toppUIU lekUnda
SO tfodlvadU

3 | dgw IOS e plllalU vithloats tfustUnnarU
Wroary) &

4 | & NS U D irodzU aprisUlo tfalapanl UndI
&O&

5 | @ady w0 &S | ammo tolosnanam tfesl gudIkl
3906 ve[lIndl

6 |y ©dyso dHFAho pllalU ammokU sohajom
236 tfesarU

7] gaeg¥ PRy SreTrd 29y | lvvals masne:hItUrall pef]!

8 | 2SS S wod | peradUlo tUlssl mokkos Undl

9 | REFOD Qreed’ patafalonU pulatho
00800378 alonkarintfarU

10 | 52070 TPg0g S0y a bavllo ra]]U koppalU Unnajl

G° O
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List 13

SI. Sentences in Telugu IPA

No

1| 3y arendodooesso nanna palU tisUkUravedom
558289 maratflpojarU

2 | & QICPS 2350 a vlnjasanlkl dzonom bago
Y voatftfarU

3 | F°EE Sot otodU godokU rangU
S0y 6 vestUnnadU

4 0080 osEren SGrP sontorod3zU dUkanalU raddiga
FURPIS UndUnU

S | 0S50 CHYR N monamuU jelloppUdU mant/l
5509989 EPEITSH nitInl tragovslenU

6 |8 §050H wovoBky | atadl korlkalokU ontom ledU

7 508 Q& eowdrasron | kUndalo nirU oflpojajl

8 | )8rord ggn snehltUrall 111U pakkonaneUndl
FSSIENNTeTA

9 | i Troned” o8y otadU rajltokUkkanU kottadU
§Ere0

10 | Q80 HYOFR) DR800 nirU pallom valpU

pravahlistUndl
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List 14

SI. Sentences in Telugu IPA

No

1| F6% g fGairdo eod | godokU peddagadljarom Undl

2 | 50& TFOIII ©Iy Intl talomtfevinl anna
PO ¢ paresUkUnnadU

3 | a0yt @y 0 JOrP tommUdU onnom sarlga
B35S tInaledU

4 | 933 esdmrod wsnytod | ame uragajo ommutUndI

5 &y sreooeds ebo | tanU snehltUral Ikl Uttarom
006 rastUndl

6 | & dTegrw QB a vlnjasalU pradzalokU
SOLRDY 00 kaloksepannltfajl

7| odome sdabenyeed” | akafoments karl mebbUloto
2OB0E nindindl

8 | 80 d0Hh rTeen ame songits pathalU nerpUtUndI
MeVNu:VeTA

9 | §doed” Dy Treoomren kridalatho snehabandhalU
= 80508 perUguUnU

10 | S HarsDs goed8 Jee | nenU dipavs|IKI Intlkl ve|tanU




Sentence Lists in Malayalam and Telugu, 2014

List 15
SI. Sentences in Telugu IPA
No
1 | o8& eoridoes atadl Ungaromlo
S55&Py oy novaratnalunnajl
2 | 80086 o3c%088 depo | adovl nUndl bhsjankars fobdom
3 vastundl
Sslela) A
3 | Ba) DNS (56 DO avU tfenUlo goddl mestUndl
4 | SODTL0S" A Dg vesavl kalomlo nl:tl somoasyo
adrlkom
Dltle) a
5 | 0% ¢ el Doudod 0006 | akkads 0ka sangstans
dzorlgindl
6 | Jryes® ©dy 0 atadU spunUto snnom
Bty tIntUnnadU
7P D rrewen erthary ow | paps tfe:tl gadsUIU bagUnnajl
8 | D0y BE, 8880 FEGo | plytfTkUkks karsvadom
hanlkarom
9 | 00850 ¥y oo | anUkokUnds va[s projanam
SOPONOH aglpojindl
10 | oo &9 hodo§od ratronta pllI1 mantfom krinds

QLEAF0N0H

nIdUrapojindl
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List 16

SI. Sentences in Telugu IPA

No

1| &0) &S’ 8e0 @08 avU pedato U allkarU

2 | 0% 0 w8des atonU ratrl akllto nidrapojadU
Vatifevnled

3 |3 S YO HSPW lol mans Intl patraly

4 | %) Sob 3Boydotwod | akka vants nertfU kUntUndl

5 |l §' o Sy & varyU kotto karU konnarU

6 | edo0oes” ard Sy brojomto paps talUpUIU
PO terltfindIl

7| 98 00 §68°ed | ellopUdU montfinl korUkovall

8 |edywren 838 'R ey’ | appadalU KitIkllonl debbalo
sy O Unnajl

9 | DAADB0E 90N D& padovivlromanp al padl
0SB TOHEOB somuatsaralovUtundl

10 | QS S0t W nil]alo valonUndl

$230:508) &

tfepatoppIntfUkUnnadl
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List 19

SI. Sentences in Telugu IPA

No

1 | odg 88060E daedore | auvakarra pattUkonl nidananga
SEa%06 nodUstUndl

2 | 2y &Sy 0 ey & ammo perUgonnam dabbalo
=808 pettindl

3 | & Suthdo e analUgUrU sab"anU
S$B80308) vanlkiIntfarU

4 | g Dw IppUdU rallU bajalUderutUndl
20000RER0H

5 | 0BG §0y §7Hoed” otadl ka||U kopamto errobaddajl
Vet milelV

6 | 3% odedrd S QS paps enUgU midaslkarUkU
39900 vel|IndI

7 S8 g8 roddUkU IrUvalpUla
EOSEPOIT®y O dUkanalUnnajl

8 | e ooy (e plllalU bojato gottlga
oS0y & golatfestUnnarU

9 | w0y LG edohosdore | ame kal|U
iy O peddogablajonkaranga Unnajl

10 | SoReS’ Sden ewoyow | kolonUlo kalUvaU Unnajl




Sentence Lists in Malayalam and Telugu, 2014

List 20

SI. Sentences in Telugu IPA

No

1 | Bodnoey S&e && kUtUmba roksens atadl
R SEE S50 pratranakartovjom

2 | W08 eudeaden tfallkl UlanU battalU
55050065780 vesUkUntarU

3 | PIE ST DOFSED analUgUrU sobtonU

vanlklIntfaru

4 | 9 oS E$09B00 otadU darllo ko[ UtIrlgl
B APOSTO padlpojadU

5 |3 &dy s 0 O | repU Udjoganlkl modatlro dzu

6 |50y SoNRS HA Ik | amma vantagadIlopanl tfestUndl

7 0P8y 80 00 DD pratlokkarU montfIpanUlonU
508050 prasim(intfall

8 | D050 ORS00 pandUgakU kharidalnadUstUIU
Sy konnadU

9 | 0 W) B0 eowzrd | atadU tfInnatonamlo balafall

10 | & Svotoes” e9ady 0 HOrP i mantato annom sarlgga

&8

UdokadU




