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Abstract

Objective: The aim of the study was to develop a test material in Hindi for assessing
sentence recognition threshold in noise. Design: The study was conducted in two phases.
First phase involved three experiments. First experiment involved the collection and
recording of sentence material. In the second experiment, sentence perception was
assessed at five signal-to-noise ratios (SNRs) for equalization of sentence material. In the
final experiment using numerical optimization procedure 20 different lists with 10
sentences each were formulated. The second phase of the experiment also involved three
experiments. The first experiment was aimed at assessing sentence identification scores
for each list at -8 dB and -2 dB SNR. In the second experiment, SNRs for 50% correct
sentence score was estimated. In the third experiment developed list was administered on
clinical population. Study Sample: Total of 130 native speakers of Hindi participated in
the study. Thirty listeners with normal hearing sensitivity participated in the first phase of
the experiment , 80 listeners with normal hearing sensitivity and 20 listeners with hearing
loss participated in the second phase of the experiment. Results: Twenty optimized lists
were formulated. Lists were found to be of equivalent difficulty in normal-hearing
listeners. The average SNR 50 (the signal-to-noise ratio for a 50% sentence score) was -
4.56 dB with a standard deviation of 0.45 dB. The clinical utility of the test was also assessed
on individuals with mild and moderate degrees of hearing loss. Conclusions: The developed
test provides a valid and reliable means of measuring sentence recognition thresholds in

noise for native speakers of Hindi.
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CHAPTER 1

Introduction

Hearing is the physiological process of perceiving sound. It is measured to
determine the extent and type of any hearing loss. These measurements can be used to
make decisions on rehabilitative and other support measures (Hersh & Johnson, 2003).
Hearing assessment also contributes to the identification of medical conditions, tumors or

other diseases of the auditory system (Hersh & Johnson, 2003).

A number of audiological tests have been found to be useful in the identification
and diagnosis of hearing problems. These include Pure-tone audiometry, Speech
Audiometry (Speech awareness threshold, Speech-recognition threshold & Speech
identification score), tests to assess middle ear functions like Tympanometry and
Acoustic reflex threshold, Auditory brainstem response (ABR), Otoacoustic emissions
(OAEs) etc. The method used may depend on the age of the individual or other subject

and environmental related factors.

The most commonly used procedure for assessment of hearing has been reported
to be the determination of the threshold of audibility, more specifically pure-tone
audiometry. Thresholds for pure tone has been shown to vary in an individual by up to 5
dB from day-to-day and from determination-to-determination (Water & Staecke, 2005).
Despite the small variations, it has been found to be a useful tool for identification of

problems related to audibility for individuals with several pathologies.

In spite of its usefulness in the assessment of hearing sensitivity, pure-tone
audiometry provides only a partial picture of the patient’s auditory abilities as it does not

give any information about one’s ability to understand speech. Pure-tone audiometry does
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not talk about the communication ability or lack of it in a person. A better idea about
one’s understanding of day-to-day conversation may be provided by speech audiometry.
As speech is the mode of everyday communication, it is likely to provide a true index of a

person’s performance in his daily living.

Speech audiometry has been an essential component of the audiological test
battery for ages, as it provides information concerning one’s sensitivity to speech stimuli
and the understanding of speech at suprathreshold levels. Speech audiometry has become
a fundamental tool in audiological assessment, and it has been used diagnostically to
examine speech processing abilities throughout the auditory system. 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).

Speech audiometric tests include Speech Awareness Threshold (SAT), Speech
Recognition Threshold (SRT) and Speech Identification Score (SIS). Speech-Awareness
Threshold (SAT) is also known as Speech-Detection Threshold (SDT). The objective of
this measurement is to obtain the lowest level at which speech can be detected at least
half of the time (Hain, 2012). During the SAT, the patient’s task has been suggested to be
merely for an indication of hearing the sound. Speech materials usually used to determine
this measurement are certain standardized words or phrases. This is merely an awareness
test and therefore does not provide information regarding a person’s ability to understand
speech. There are other tests like SRT or SIS that have been found to give better

indication about an individual’s ability to perceive and understand speech.
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The objective of speech-recognition threshold is to obtain the lowest level at
which speech can be identified at least half of the time. SRT can be measured using
speech stimuli such as nonsense syllables, monosyllables, spondees, sentences etc.
Nonsense syllables have been reported to be the most difficult to recognize (McArdle &
Hnath-Chisolm, 2009). They have been reported to have minimal semantic content and
give 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 how an individual
understands conversational speech. Cox, Alexander and Gilmore (1987) reported no
relationship between the monosyllable recognition threshold and hearing aid benefits.
They attributed it to be a lack of lexical, semantic, syntactic redundancies, and dynamic

cues in monosyllables.

Spondee words have been reported to be used frequently in the clinical setting to
measure SRTs because they are faster and easier to administer (Carhart, 1965) and also
used to confirm the pure tone audiogram (Scourfield, 2011). But spondees are believed to
be less representative of natural language communication than sentences and are spoken
as isolated utterance or in carrier phrases. Hence they may not represent the normal
spectral weighting, level fluctuations, intonations, pauses and other aspects associated
with conversational speech (Nilsson, Soli & Sullivan, 1994). Moreover, the limited
number of spondees together with the risk of familiarization and learning effect
associated with randomization and reuse of the same items has been shown to prevent
measurements and comparison of performance in multiple experimental or clinical

conditions (Nilsson, et al, 1994). Furthermore, word tests are not suited for more
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advanced testing and fitting of hearing aids, since the compression and the noise
reduction algorithm do not take full effect with isolated single words (Nilsson, et al,
1994). These limitations underscore the need for sentence length test materials that can be

used to measure SRTS.

Thus sentences will be more advantageous than any of the other stimuli, as the
day-to-day conversation majorly involves the use of full length sentences. Some of the
sentence materials developed are Central Institute for the Deaf (CID) sentences in English
(Silverman & Hirsh, 1955), Hearing in Noise Test (HINT) sentences in English (Nilsson
et al., 1994), German (Kollmeier & Wesselkamp, 1997), Cantonese (Wong & Soli, 2005),
Swedish (Hallgren et al, 2006), French (Vaillancourt et. al., 2005), Mandarin (Wong et
al., 2007), Polish (Ozimek et al, 2009), Kannada (Avinash et al, 2009) and Afrikaan

(Scourfield, 2011).

Need for the study

The present study was carried out in order to develop material in Hindi language
for speech recognition testing. It will help to assess the identification ability of
individuals using hearing aid and cochlear implant. It will be useful in assessing the
efficacy of therapy, that is, by doing pre and post therapy evaluation, helps to conclude

about the usefulness of the therapy.

Need to develop Sentence test.

Pure tone audiometry measures the audibility component of hearing loss (Wilson
& McArdle, 2005) but cannot predict the successful use of amplification (Walden &
Walden, 2004) or signal to noise ratio loss. So it is advisable to go for audiological tests

9
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which uses speech stimuli. Monosyllables and spondees gives limited information about
the speech perception ability as it lacks lexical, semantic, syntactic redundancies, and
dynamic cues. Sentences provide information regarding the time domain of everyday
speech and can approximate contextual characteristics of conversational speech (Jerger,
Speaks & Trammell, 1968). 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 hearing
aid. It was reported that the tests using sentences as stimuli have much higher face

validity than tests using single words as stimuli (Nilsson et al, 1994).

Moreover the discrimination function (often referred as performance intensity
curve) has been steeper for sentence material than for shorter speech segments and thus
provide a very accurate measurement of a speech recognition threshold (Bosman &
Smoorenburg , 1995 ; Kollmeier & Wesselkamp , 1997). There are several limitations in
using sentences over other speech stimuli. There is no possibility to test the same
sentence twice with the same subject. Low frequency components are given higher
weightage than high frequencies in the speech spectrum compared to monosyllables
(Kollmeier & Wesselkamp, 1997). Many sources of information, such as acoustic and
contextual cues, are used to understand sentences and they have many extrinsic
redundancies. These characteristics make it harder to predict which specific information
is being used by the listener, as so many sources of information are involved (McArdle &
Hnath-Chisolm, 2009). Lyregaard (1997) found that the sentence test therefore, measures
a hearing deficiency only partly at the peripheral level and thus can be considered as a
measure of a combination of linguistic competence and central processes. Despite the

pitfalls, the day-to-day conversation majorly involves the use of full length sentences and
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hence speech recognition testing should be more aptly performed using the sentence

material.

Need to develop sentence material in Hindi.

Speech material for SRT tests has to be similarly intelligible across sentences, and
across lists. In terms of phonetic, syntactic and semantic complexity, the different lists,
and the sentences composing the lists should thus be comparable (Raake & Katz , 2006).
Such sentence material has been developed in several languages as mentioned earlier and
cross-language researches have indicated that some speech contrasts present greater
perceptual difficulty for adult non-native listeners than do others. This perception
difference is seen in both infants as well as adults (Polka, 1992; Tsao, Liu & Kuhl, 2006).
However, there is an obvious dearth of sentence materials in Indian languages. In India,
as there are a number of languages spoken by people all around, it is ideal to have a
speech test in all languages, as the perception of speech is influenced by their first
language (Singh & Black, 1966). Thus, Hindi being the most used Indian language, there

is a need to develop the sentence material in this language.

Need to develop sentence test in the presence of noise.

Speech recognition in noise will provide insight into the difficulty faced by
individuals in understanding speech in the presence of background noise and will also be
helpful in accounting for the benefits from amplification. This information would be
further helpful in counseling patients regarding their expectation about the benefits from
hearing devices when listening in background noise (Wilson & McArdle, 2005). The only
measure to determine the SNR loss is by speech in noise testing. Taylor (2003) stated that
this measurement provides a percentage score, which is more easily understood by

patients than degree of hearing loss.
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Wilson and McArdle (2005) reasoned the use of speech in noise testing for three
main purposes. First, it assesses the most common complaint of patients, which is, their
inability to understand speech in background noise. Second, it provides insight into the
most appropriate amplification strategy for the patient. Third, its result can be used while
counselling patients regarding their expectation about the benefit of a hearing aid when

listening in background noise.

Aim of the Study

To develop sentence test for speech recognition threshold in the presence of noise

in Hindi language.

Objectives of the study

The objectives of the present study are as follows:

e To develop the sentence test in Hindi language for speech recognition testing.
e To standardize/ validate the developed sentence test in the presence of noise.
e To investigate the utility of the developed test across clinical populations,

including individuals with conductive hearing loss and sensorineural hearing loss.
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CHAPTER 2

Method

The study was conducted in two phases. The first phase involved the development
of sentence material. In the second phase validation of this developed sentence material
was done on individuals with normal hearing sensitivity and on individuals across clinical
populations, including individuals with conductive hearing loss and sensorineural hearing

loss. All the subjects involved in the present study were native speakers of the language.

The listeners who participated in both the phases of the study were divided into
group I, Il and Ill. The group | consisted of individuals who had normal hearing and
criteria for selection of individuals in Group | was:

¢ No history of middle ear infection, tympanic membrane perforation, head
trauma, noise exposure and ear discharge.

e Subjects with pure-tone thresholds less than 15 dB HL for octave
frequencies between 250 Hz to 8000 Hz for air conduction and 250 Hz to
4000 Hz for bone conduction. The pure tone threshold was obtained by
using a modified version of Hughson and Westlake procedure (Carhart &
Jerger, 1959).

e Speech recognition scores + 12 dB with reference to pure tone average
(PTA).

e Speech identification scores greater than 90% in both the ears.

e Bilateral ‘A’ type tympanogram with ipsilateral and contralateral reflexes
present in both the ears. During this testing subjects were made to sit

comfortably and asked not to swallow. Tympanometry was carried out

13
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with 226 Hz probe tone and ipsilateral and contralateral acoustic reflex

were obtained at 500, 1000, 2000 and 4000 Hz.

e No illness present at the time of testing.

The participants who were studied in the second phase of the study had
conductive and sensorineural hearing loss and were categorized as Group Il and IIl.
Group 11 included nine individuals with conductive hearing impairment and inclusion
criteria for Group Il was:

e Pure tone threshold greater than 16 dB HL and less than 60 dB HL.

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

e Middle ear dysfunction as indicated by immittance evaluation.

e Speech identification scores proportionate to their pure tone average (not

less than 75%).
e No history of any neurologic problems.

e No illness on the day of testing.

Group I included 10 individuals with sensorineural hearing impairment and

inclusion Criteria for Group 1l was:
e Pure tone threshold greater than 16 dB HL and less than 60 dB HL.
e Air bone gap of less than 10 dB.
e A normal middle ear functioning as indicated by immittance evaluation.

e Speech identification scores proportionate to their pure tone average (Not

less than 70%).

e No history of any otologic, neurologic problems.

14
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e No illness on the day of testing.

Instrumentation

The instruments involved in both the phases of the study include

e 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.

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

functioning using tympanogram and acoustic reflexes..

e A personal computer loaded with TOKEN software and a compatible
headphone was used for the purpose of equalization of the stimuli. Apex
software was also loaded into the PC to estimate SNR 50.

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

Test environment

All the audiological tests were administered in a well illuminated air conditioned

sound treated room with noise levels within permissible limits as per ANSI S3.1 (1991)

Phase |

Phase | involved three experiments, first experiment comprised of collecting and
recording suitable sentences in Hindi; second experiment consisted of selecting the
sentences that were equally intelligible in noise, and the final experiment involved

making of optimum lists with equal difficulty.
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Experiment I

a. Collection of Sentence Material

The aim of Experiment-l was to collect suitable sentences in Hindi for the
assessment of speech recognition in noise. The available literature shows that there are
no formally standardized sentence tests or suitable sentence collections in Hindi.
Therefore, 650 sentences were collected from children’s textbooks, magazines and day to
day conversation. The following criteria were used in the selection of the sentences
(Versfeld et al, 2000): (1) The sentence chosen composed of three to seven words (2) The
total number of syllables in a sentence ranged from eight to nine. (3) Any of the words in
a sentence did not contain more than three syllables. (4) Sentences did not contain
punctuation characters and proper names. (4) No duplicate sentences were selected and
(5) The sentences were grammatically and syntactically correct and semantically neutral.
The structure and the grammatical difficulty of the sentences were kept as similar as
possible. Semantic neutrality was achieved by avoiding material related to politics, war,
or gender topics. Questions, proverbs, proper names, and exclamations were eliminated.

The naturalness of these sentences was evaluated by administering it on ten native
Hindi speakers who were asked to rate the naturalness of the sentences on a five point
rating scale and the predictability on a three point rating scale (Appendix 1). Only those
sentences that were rated ‘4’ or ‘5’ on naturalness rating scale and ‘2’ or ‘3’ on the
predictability rating scale by > 80 % of individuals were selected for recording. A total of

512 sentences were selected after naturalness and predictability rating.

b. Recording and Editing of Sentences

16
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The selected 512 sentences were recorded digitally in a sound-proof booth, using
a Computerized Speech Lab (CSL) at a sampling rate of 44.1 kHz with 24-bit resolution.
A microphone was placed 20 cm from the speaker’s mouth and the speaker was informed
to articulate all words clearly, while still retaining a natural intonation pattern and
maintaining equal vocal effort throughout each sentence. These sentences were spoken by
a young adult female, who was a native speaker of Hindi, in a standard Hindi dialect
among the many dialects present in Hindi (standard and non-standard). These sentences
were high-pass filtered at a cutoff frequency of 50 Hz slope of the filter and split into
individual waveforms, where unwanted silences preceding and following the recorded
speech were eliminated. The resultant waves were saved as dot wave (. wav) file. All the
individual wave files were adjusted to an average Root Mean Square (RMS) level of -20
dB (with respect to maximum digital output) with maximum peak levels of approximately

-5 dB. The files were edited using Adobe Audition (Version 3.0) software.

c. Generation of Background Noise

A speech spectrum shaped background noise was generated to match the long-
term average spectrum of the sentence material. In the presence of speech spectrum
shaped noise, slope of the psychometric function for sentences is maximized, hence the
accuracy of the Speech Recognition Threshold normative (SNR 50) determination is high
(Prosser et al, 1991). Further, the average SNRs across frequencies were similar to the
speech spectrum shaped noise. However, it is expected that SNR will show some
variation across the frequency spectrum due to the varying duration of different speech
sounds. For example, for short and intense high-frequency consonants, the mean level of

these speech sounds (which is by definition is the level in the speech-shaped noise) will
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be relatively low due to their short duration, however when truly present in the speech

signal, they will have a level well above the mean.

The noise was generated using the randomizing phase of the Fourier spectrum of
concatenated sentences. The sentence sound files were concatenated in random order and
Fast Fourier Transformer (FFT) was performed for these concatenated sentences. The
phase of the FFT was randomized and converted back to wave file by means of inverse
FFT. The noise generated had only little amplitude variation and a frequency spectrum
that corresponded with the long-term average spectrum of the sentences. The RMS level

of the 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.

Amplitude (dB)

125 180 250 350 500 700 1k 14k 2k 2.8 4k 56k 8k 11.2k16k
Fraguency (Hz)

Figure 1. One third octave spectrum of noise (black) and concatenated sentences (red).

Experiment I1: Equalization of intelligibility of sentences

The second experiment was aimed at selecting the sentences that were equally

intelligible in the presence of noise. This was ensured through the selection of sentences
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that yielded similar performance and psychometric function (percentage intelligibility as
a function of SNR) in the presence of noise.

a. Stimuli

The stimuli consisted of a corpus of 512 sentences and the corresponding speech-
shaped noise. Each sentence was digitally mixed with speech spectrum-shaped noise at
required SNR using the MATLAB code. The noise onset preceded the onset of a
sentence by 600 ms and continued till 600 ms after the end of the sentence. The noise was
ramped using the Cosine square function with ramp duration of 200 ms. The onset of the
noise before the speech is believed to guard against unintended onset effects. A similar
protocol has been used for determination of normative data for the development of

sentence material in various languages (Neilson & Dau, 2009).

b. Procedure

A pilot experiment was conducted initially to decide the value of SNR at which
50% identification score was achieved. This was assessed by presenting the entire
collection of 512 recorded sentences to four subjects with normal hearing sensitivity
(Group 1) in the presence of -6 and -4 dB SNR. The level chosen here is in accordance
with the findings of previous investigators (Kollmeier &Wesselkamp, 1997; Nilsson et.
al.,, 1994; Vaillancourt et. al., 2005). The mean percentage of intelligibility was
calculated at each SNR for each sentence and an overall mean of all the sentences was
calculated based on the number of correctly repeated words. It was observed that 50%
score was obtained at around -4 dB SNR and thus for the equalization procedure, the
SNRs selected were -8 dB, -6 dB, -4 dB, -2 dB and 0 dB.

Later equalization was done on 25 subjects with normal hearing sensitivity

(Group 1). Each subject was seated in a sound-proof room with the test administrator (a
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qualified Audiologist). One subject was tested only at one SNR using all the sentences
and a total of 5 subjects were tested at each SNR. The sentences were assigned to nine
different play lists and the order effect was counterbalanced by testing each subject with a
different list each time. The sound files were presented using TOKEN software and
routed through the Tucker Davis Technology system using auxiliary input. They were
played using a sampling rate of 44.1 kHz with 24-bit resolution. The sound was
presented binaurally, using standard Sennheiser-HD 200A headphones as transducers at
an intensity of 70 dB SPL. Sennheiser-HD 200A headphone was used as it has a wider
frequency resolution. No sentence was presented twice and presentation of playlists was
controlled by the test administrator. Breaks were given at appropriate intervals to
prevent the influence of fatigue on the results. The subject’s task was to repeat the
heard sentences or parts of sentences verbally every time. They were also encouraged to
guess the content if uncertain.

Overall, five data points (percentage of words repeated correctly) were selected to
give good psychometric function. The SNRs selected in the study covered the extent of
the psychometric curve and were adequate to provide reliable estimates of the
psychometric curve slopes. The five data points for each sentence were used to derive
sentence-specific psychometric function with a logistic shape fitted to the data. The
logistic function fitted to the data is as follows:

100

—(L—Lso)
1+e s

S(L) =

The parameter ‘L50° denotes the level corresponding to 50% intelligibility for
each respective sentence and ‘S’ denotes the spread of the psychometric function which is
inversely proportional to the slope ‘m’ of the psychometric function (S=25/m). Due to the

careful selection of the 5 SNRs for testing all the sentences, a reliable fit of the
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psychometric function could be obtained. A subset of sentences with similar
psychometric slopes and SNR 50 were then selected. Sentences with slopes and SNR 50
that fell within one standard deviation of the mean were used in subsequent phases.

The majority of previous investigators has used performance-intensity slope as a
guide to adjust the RMS intensity required to equalize the difficulty of all the sentences in
the collection (Soli & Wong, 2008). Whereas, in the present study, performance-intensity
slopes (i.e. Similar intelligibility at other SNRs as well) and SNR 50 (similar SNR at the
50% intelligibility point) were employed to select sentences for further testing. The
present test was developed to estimate the SNR required to obtain 50% intelligibility.
However, the SNR at which 50% intelligibility is obtained was unknown at this stage of
the test development, because the final testing was conducted using an adaptive
procedure with a whole sentence scoring of 1 or 0 instead of scoring the number of words
correctly identified. It was necessary to ensure the uniformity of the selection of
sentences not only at the SNR 50 point, but also across the extent of the psychometric
curve, so that the sentence lists could be compiled from a relatively uniform collection of

sentences.

Experiment 111: Composition of Optimized lists

The selected sentences in previous phase were grouped into 20 lists of equal
difficulty with each list consisting of ten sentences. The procedure of equalization was
similar to the procedure implemented by Kollmeier & Wesselkamp (1997). The equal
difficulty lists were constructed by optimization of SNR 50 and spread ‘S’ obtained from
psychometric functions in addition to the number of phonemes and the frequency

distribution of the 36 different phonemes within the sentence material. Thus in total, there
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were 39 parameters (36 phonemes + SNR 50 + spread ‘S’ of psychometric function) that
needed to be optimized. The optimization was accomplished using a numerical
optimization procedure (Otten & van Ginneken, 1989). The actual parameter values of all
200 sentences were placed into a vector P; (j=1-200). The average values of SNR 50, S,
the number of phonemes and frequency distribution across all 200 test 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 SNR 50, 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 (=)l
k=1

The global minimum of ‘d’ was obtained by randomly selecting a set of 10
sentences from the list 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 total of 200 sentences and the optimization process was

repeated until 20 lists were formulated.

Phase-11: Empirical validation of the test material

In order to validate the test material optimized in Phase | of the study, three
independent experiments were performed. The first experiment was aimed at assessing
sentence identification scores for each list at -8 dB and -2 dB SNR. In the second
experiment, signal-to-noise ratio for 50% correct sentence score was estimated using the

adaptive procedure on individuals with normal hearing sensitivity. In the third experiment
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signal-to-noise ratio for 50% correct sentence score was estimated using the adaptive

procedure for individuals with conductive and sensorineural hearing loss.

Experiment I

Method

Another set of forty subjects aged between 20 to 30 years (20 males & 20
females) with normal hearing sensitivity participated in this phase of the study (Group I).
The stimuli, instrument, and general test protocol used in this phase of study were the
same as those used in Phase | of this study. Each subject randomly listened to all the 20
test lists at a signal-to-noise ratio of -2 or -8 dB and thus 20 subjects were tested at each
SNR. This was done in order to distribute the effect of subject and test list evenly across
the two signal-to-noise ratios employed.

In all the earlier experiments, scoring was performed by counting the number of
content words, which provided a percentage intelligibility score for each separate
sentence. The use of the optimization procedure in the present study ensured for all
sentences which allowed the use of the whole sentence scoring instead of scoring for
content words alone. The test administrator assessed the correctness of the sentence by
assigning numerals ‘1’ or ‘0’ for correct or incorrect repetition of the sentence

respectively.

Experiment 11

Method

In experiment 11, all the test lists were subjected to inter-list equivalence evaluation.
Listeners in this experiment were also asked to follow the same criteria stipulated for

participants in Phase | of the study. Another set of 30 listeners (14 males, & 16 females)
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who had an average age of 24 years (ranging from 19 to 28 years) with normal hearing
sensitivity participated in experiment 1l (Group I). Speech recognition threshold in noise
(SNR 50) was measured, in an acoustically treated room. Stimulus presentation was
controlled using the APEX 3.1 program and was routed through the Tucker Davis
Technology (TDT) system using auxiliary input and they were played at a sampling
rate of 44.1 kHz with 24-bit resolution. The sound was presented binaurally, using
standard Sennheiser-HD200A headphones as transducers, at an intensity of 70 dBSPL.
The APEX 3.1 is a freely available software and can be uploaded into any PC. This was
used as this allows for the random presentation of the stimulus and the scoring is also
done by the software which makes it very objective. TDT was used so as to maintain the
output level of the sentences at one level (70dBSPL).

The adaptive up-down procedure (Plomp & Mimpen, 1979) was employed, where
the first sentence in a list was presented at an SNR that would result in recognition below
50% (-8 dB in this case). The same sentence was repeatedly presented at higher SNR
levels by increasing (improving) in 2 dB steps until an entire sentence repetition was
achieved. The test administrator compared text version of the sentence with the listener’s
repetition and the sentence was rated as correct, if all the words in the sentence were repeated
correctly. Once the first sentence was correctly repeated, the next sentence was presented
at the same SNR. The presentation levels of subsequent sentences were determined each
time by the correctness of the preceding sentence’s repetition. If a sentence was repeated
correctly, the following sentence was presented at a lower SNR (speech level decreased by
2 dB with noise levels kept constant). If a sentence was repeated incorrectly, the following
sentence was presented at a higher SNR (speech level increased by 2 dB). After the
presentation of 10 sentences, the software calculated the SNR 50 (threshold level of SNR

where 50% intelligibility would be obtained) as an average of the presentation levels of
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the fifth to eleventh sentences (even if an eleventh sentence was never presented, its
presentation level could be determined according to the correctness of the tenth sentence’s
repetition). Although, the SNR 50 obtained using the above procedure might differ from
that obtained using the word scoring procedure, it is unlikely to affect the reliability of the
test material. All the list was presented to each subject and the presentation of the test lists

was randomized.

Experiment 111

In experiment I11 clinical utility of the developed list was assessed. Listeners in
this experiment were also asked to follow the same criteria stipulated for participants in
Phase | of the study. Thus another set of nineteen individuals with (sensorineural and
conductive) hearing loss aged between 18 to 70 years (Mean=28. 9 years) participated in
the study. The degree of hearing loss consisted of mild and moderate categories (based on
modified Goodman classification, 1965). Subject selection criteria are as mentioned for
Group Il and I11. SNR 50 was estimated using the same procedure as mentioned in experiment I
on individuals with hearing loss. A total of 19 individuals were tested which included four
mild and five moderate conductive hearing loss and similarly five mild and five moderate

for sensorineural hearing loss.

Statistical Analysis
Statistical Package for the Social Sciences (version 16) software was used to carry out the

statistical analysis.

e Descriptive statistics to find out the Mean score and Standard Deviation of the

developed lists.
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Repeated measure ANOVA was done to check the inter list equivalency between the
lists.

Chi square test was done to compare the phoneme distribution of the developed lists
with that of the average reference phoneme distribution.

Kruskal-Wallis statistical analysis was done to evaluate the difference in means
for different types of hearing loss.

Mann-Whitney U test was done to assess the difference between normal hearing,
conductive and sensorineural hearing loss and between the degree of hearing loss.
The Friedman test was performed to estimate the difference across lists for
hearing impaired group.

Wilcoxon Signed Ranks Test was performed to analyze the significant difference

between list for the senosrineaural hearing impaired group.
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CHAPTER 3

Results

The present study was aimed to develop and validate a sentence list in Hindi. To
fulfil the aim of the present study data was collected on subjects with normal hearing
sensitivity and subjects with conductive and sensorineural 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 of the present study will be

discussed under the following headings:

Phase |

Phase | involved three experiments, first experiment comprised of collecting and
recording suitable sentences in Hindi; second experiment consisted of selecting the
sentences that were equally intelligible in noise, and the final experiment involved
making of optimum lists with equal difficulty.

Experiment 1 of the phase 1 focused on the development of the sentence material
in Hindi language. This involved the collection of 650 sentences and based on
naturalness and predictability of sentences, 512 sentences were shortlisted for the testing

the equivalency of the sentences.

Sentence equivalency was assessed in experiment 2 at five SNRs. The mean and
standard deviation of percentage words correctly identified at 0,-2, -4, -6 and -8 dB SNR
are shown in Table 1. From the logistic equation, slope ‘m” of the psychometric function
was estimated. The estimated slope of these 512 sentences ranged from 3.4% per dB to
38.13% per dB, with an average of 10. 5% per dB and a standard deviation of 7.37% per

dB. The SNR 50 of 512 sentences varied from -9.5 to -1.5 with a mean of -5.5 and
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standard deviation of 4.5. A subset of 200 sentences with slopes and scores at SNR 50 that
were within one standard deviation from the mean value was selected. The selected 200
sentences had mean scores of 50.2 % (15%) and mean slope of 10. 5% per dB (2.59).
Figure 2 gives the frequency distribution of the sentence-specific SNR 50 of these 200
selected sentences in comparison to the respective distribution of the 512 test sentences
from the original speech material. These 200 sentences that fell within the stipulated

criteria were used in subsequent phases.

Table 1

Mean and Standard Deviation of word scoring for sentence at five different SNRs

-8dB -6 dB -4 dB -2dB 0dB
Mean 25 44 62 82 91.2
SD 29 36 36 29 19
100-
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Figure 2. Frequency distribution of sentence-specific SNR 50 for all 512 test sentences
(dark line) in comparison to the distribution of the 200 sentences that were selected as the
final test corpus (gray line).

The selected sentences in previous phase were grouped into 20 lists of equal
difficulty with each list consisting of ten sentences in third experiment. Psychometric
functions calculated for each of the 20 resulting test lists are given in Figure 3. The list
specific psychometric function was obtained by averaging the sentence-specific
discrimination functions that had been fitted to the original data. The average SNR 50
obtained across the lists varies from -5.99 to -5.1 with a mean of -5.5 dB with a standard
deviation of £1 across the test lists. As the psychometric functions obtained across lists

coincided very well, all the lists are likely to yield a similar intelligibility score over a

wide range of signal-to-noise ratios.
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Figure 3. The calculated psychometric functions (speech intelligibility as a function of
signal-to-noise ratio SNR) for all the 20 test lists resulted from the optimization
procedure (phase 1) (solid lines). The symbols at -2 and -8 dB SNR denote the
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intelligibility scores for each of the 20 lists averaged across subjects that resulted from the
independent experiment (Phase Il). The error bar at -4.56 dB denote the standard
deviation of the list-specific speech reception threshold SNR 50 (phase 1l and Table I).

The total number of phonemes in each list for 15 test lists was 201, for three test
lists were 187, and 210 and 215 for one test list, respectively. Thus, the optimized test
lists appeared to be fairly homogeneous with respect to the number of phonemes. The
frequency distribution of the phonemes within the test list is plotted in Figure 4 as
average values across test lists and minimum and maximum values of the respective
phoneme frequency across all test lists. For comparison, the average phoneme frequency
distribution of the Hindi language after (Ramakrishna et al., 1992) is plotted as a dashed
line. The chi - square test was done to statistically compare the phoneme distribution of
the test lists with that of the reference average phoneme distribution of the Hindi
language. Results showed that the phoneme frequency distribution in the test lists
approximates the respective frequency distribution in the Hindi language with chi-
square values ranging from 370 to 470 and a p value showing no significance. This is
also evident from Figure 4 where it is seen that no test list deviates substantially from this
frequency distribution. One exception is the phoneme /ha/ which is over-represented in
the present speech material. The reason for this could be that the sentences in the present

material majorly include statements in the present tense which normally ends with /h/.

25llllllllllllIlllllllllllllllllllllll
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Figure 4. The frequency distribution of the phonemes within the test list as average
values across test lists and minimum and maximum values of the respective phoneme
frequency across all test lists (dark line) in comparison with the average phoneme
frequency distribution of the Hindi language (dash line).

Phase 11

In order to validate the test material optimized in Phase | of the study, three
independent experiments were performed. The first experiment was aimed at assessing
sentence identification scores for each list at -8 dB and -2 dB SNR.

The mean intelligibility score was assessed at -2 and -8 dB SNR across subjects
for all the twenty lists separately. The mean scores obtained for 20 test lists is plotted in
Figure 3 as open symbols at -2 and -8 dB SNR. The values obtained in the additional
experiment in phase Il of the study matched those obtained from the numerical
optimization procedure. Further, sentence intelligibility scores obtained at -2, -8 dB and

slope m for the fitted function are provided in the Table 2.
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Sentence intelligibility scores obtained at -2 dB, -8 dB, SNR 50 and slope m for the fitted

function.

Percent Scores (%)
Test List No -8dB -2dB SNR 50 | Slope (m)
1 18.31 73.50 45 11.47
2 24.60 82.68 -4.59 10.48
3 20.89 81.16 -4.62 11.18
4 15.09 71.06 -4.51 11.63
5 33.38 84.89 -4.51 10.94
6 22.79 74.46 -4.65 10.07
! 20.53 74.50 -4.62 11.26
8 26.29 77.88 -4.48 10.11
9 21.95 79.93 -4.57 9.54
10 26.03 83.92 -4.53 11.05
11 34.60 80.33 -4.54 11.24
12 33.16 86.87 -4.60 12.58
13 26.30 81.62 -4.59 10.79
14 20.03 84.13 -4.59 10.51
15 23.13 84.28 -4.64 12.72
16 24.66 80.15 445 12.00
17 26.19 88.03 -4.50 10.47
18 28.03 85.33 -4.56 12.63
19 19.82 79.83 4641197
20 24.53 80.09 -4.57 11.56
Mean 245 80.00 456 | 11.20
SD 5.07 5.45 0.43 0.90
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In experiment 11, all the test lists were subjected to inter-list equivalence evaluation.
The average SNR 50 (sentence recognition threshold in noise) for the 20 lists measured
across subjects (N=30) using the adaptive procedure and sentence scoring was -4.56 dB,
with a standard deviation of 0.43 dB (Table 2). The average values across lists varies
from -4.5 to -4.9 dB with standard deviations for lists ranging between 0.31 and 0.53dB.
The list specific mean SNR 50, overall standard deviation is given in the last row of
Table 2. The mean SNR 50 for each list relative to the overall SNR 50 is shown in Figure
5. All the SNR 50 lie within 0. 3 dB with a standard deviation of 0.43 dB. To assess
whether the mean difference across the lists reached significance, repeated measures
analysis of variance (ANOVA) was performed. The analysis showed that there was no

significant difference across lists at 0.05 levels [F (90,589) =1. 16, p=0. 281].
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Figure 5. The mean SNR 50 for each list relative to overall SNR 50
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In experiment 1ll, SNR 50 was estimated for individuals with conductive and
sensorineural hearing loss to check for the clinical utility. Table 4 shows the mean and standard
deviation obtained for all the groups across lists.

Table 4
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Mean SNR 50 and Standard Deviation ( SD ) for sentence intelligibility score across list for
clinical populations ( CHL-Conductive hearing loss; SNHL-Sensorineural hearing loss)

Between group comparison

List SNR 50 for Mild | SNR 50 for Mod | SNR 50 for Mild | SNR 50 for Mod
No CHL CHL SNHL SNHL
1 14 3.50 1.7 4.0
2 1.7 3.60 1.6 4.0
3 1.5 2.70 1.1 3.2
4 0.7 2.90 1.2 3.0
5 1.3 3.6 24 3.6
6 1.6 3.4 1.6 3.5
7 2.3 3.9 3.1 4.2
8 1.5 3.7 1.7 3.6
9 1.6 2.9 1.9 3.7
10 0.5 3.1 1.4 3.7
11 1.6 3.4 2.1 3.8
12 0.7 3.2 0.9 3.1
13 1.0 3.2 0.8 3.0
14 1.2 3.2 0.8 34
15 0.5 3.1 1.1 2.8
16 1.0 2.6 0.0 2.6
17 11 3.5 2.0 3.0
18 1.3 3.8 0.9 3.7
19 15 3.3 2.0 3.6
20 1.0 3.4 1.6 3.4
Mean | 1.3 3.3 1.5 3.5
SD 1.9 1.1 1.6 1.1
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The Table 4 shows the mean scores (averaged for all the lists) and the SD for
clinical populations. It can be observed that the mean value decreases with increasing
degree of hearing loss. It can also be noted that the mean scores are higher for

sensorineural hearing loss compared to that of conductive loss.

Kruskal-Wallis statistical analysis was done to evaluate if the difference in means
is statistically significant. The results revealed that a statistically significant difference
between groups was present (p<0.01) for all the lists. Hence, Pairwise comparison was
made using Mann-Whitney U test to assess the difference between normal hearing,

conductive and sensorineural hearing loss and between the degree of hearing loss.

Table 5 shows that the there is a significant difference (p<0.01) between the
scores of individuals with normal hearing sensitivity with that of conductive hearing loss
and normal hearing vs sensorineural hearing loss across all lists. However there was no
significant difference in the scores of sensorineural hearing loss and conductive hearing

loss (p>. 05) as evident from Table 5 (shaded areas shows no significance).
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Z values for various groups of hearing loss across lists.

Sentence test in Hindi

Lists Normal vs Sensorineural |Conductive vs Sensorineural
Normal vs Conductive

1 448 -4.77 -0.46
2 445 -4.74 -0.30
3 441 -4.71 -0.19
4 446 -4.76 0.00
5 447 -4.76 -0.43
6 -4.39 -4.69 -0.03
7 442 -4.72 -0.46
8 414 -4.40 -0.07
9 441 -4.72 -0.49
10 |460 -4.88 -0.76
11 |44 -4.76 -0.69
12 |an -4.71 -0.11
13 | 455 -4.83 -0.58
14 | 449 -4.78 -0.07
15 | 440 -4.72 0.00
16 445 -4.74 -0.26
17 | 454 -4.82 0.00
18 | 447 -4.76 -0.07
19 453 -4.82 -0.65
20 453 -4.82 -0.43

Shaded areas refers no significance

The Mann Whitney U test was also done to compare between the degree of

hearing loss and it can be noted from Table 6 that there is a significant difference between
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mild and moderate group for almost all the lists except in the list shown in the shaded

areas and the list which showed no difference between the groups can also be considered

as slightly significant.

Table 6

Z values for mild v's moderate group.

Z values Significance level
List 1 -3.24 0.00
List 2 -2.26 0.02
List 3 -2.27 0.02
List 4 -2.23 0.02
List5 -1.89 0.05
List 6 -2.79 0.00
List 7 -1.78 0.07
List 8 -2.486 0.01
List9 -2.15 0.03
List 10 -2.50 0.01
List 11 -1.97 0.04
List 12 -2.38 0.01
List 13 -2.47 0.01
List 14 -2.53 0.01
List 15 -1.86 0.06
List 16 -2.41 0.01
List 17 -1.71 0.08
List 18 -2.13 0.03
List 19 -1.80 0.07
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List 20 -1.92 0.05

e Shaded areas refers no significance
Within group comparison
In order to validate the equivalency of the lists in the hearing impaired population,
within group comparison of the scores were made for the individuals with conductive and
sensorineural hearing impairment. Table 7 shows the mean and standard deviation of
scores for conductive and sensorineural hearing loss across all the lists.
Table 7.

Mean and SD SNR 50 for Conductive hearing loss.

List No. Conductive hearing loss Sensorineural hearing loss
Mean SD Mean SD
List1 2,55 1.55 2.95 1.52
List2 277 1.84 295 1.91
List3 216 1.43 227 171
List4 1.94 1,69 218 1.79
List5 261 1.91 3.0 1.16
List6 261 1.46 263 153
List7 322 1.79 3.72 111
List8 272 1.79 277 1,68
List9 233 168 2.90 1.48
Listl0 1 gy 1.99 268 2,05
Listll 561 174 3.04 1.48
Listl2 154 225 213 1.89
List13 1509 212 2,00 163
Listld 1553 1.94 222 1.93
List1S 1) o 244 204 1.83
List16 | g5 155 1.45 215
List 17 2.44 2.14 2.59 1.23
UStI8 0 217 245 235
List19 1559 1.85 2.90 157
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List 20

2.33

2.04

2.59

1.91

The Friedman test was performed to estimate the difference across lists for both

the groups. Results revealed that there was no significant difference in the Mean SNR 50

values of the conductive hearing loss group (p>. 05), however for Sensorineural hearing

loss group significant difference was seen (p< .01). Later Wilcoxon Signed Ranks Test

was performed to analyze the significant difference between list and it revealed all the list

did not show any significant difference except that the score of list 9 differ significantly

from that of list 13 (p< .01). Thus it can be noted that except these two lists in the

sensorineural hearing loss group, all other lists have good inter list equivalence. However

in normal hearing individuals there was no significant difference between the scores

across lists. Thus it can be concluded the difference seen in the two lists could be

attributed to the less number of subjects tested.
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CHAPTER 4
Discussion

Phase |

The aim of the present study was to develop sentence material in Hindi for the
assessment of SNR 50. The collected sentences were assessed for naturalness on five
point rating scale and predictability on three point rating scale. The sentences material
that never, not even after modifications, scored at least four (on a five point scale) for
naturalness and 2 for predictability by 80 % of individuals were excluded from the final
sentence material.

The sentence material was also equated for speech intelligibility in noise by
means of deriving psychometric slope. In the present study sentences with similar
performance were identified using the slopes and SNR 50 and those sentences which
differed significantly from the majority were excluded. The procedure employed here was
similar to the procedure employed by some of the previous investigators (Versfeld et
al., 2000; Theunissen et al., 2011). The procedure of excluding sentences reduced the
testing time and number of subjects tested. However, the previous studies employed the
procedure of rescaling intensities for sentences to equate intelligibility and verifying the
effect of the rescaling. This necessitated up to seven rounds of testing (Nilsson et al.,
1994; Vaillancourt et al., 2005; Wong & Soli, 2005; Wong et al., 2008) thereby unnecessarily
prolonging the procedure. The results of the present study and previous studies
(Theunissen et al., 2011) have shown that, despite the use of different methods, both
procedures of equating sentences resulted in similar performance as in 50% point.

In the majority of previous studies, optimized lists were created based only on
phonemically balancing (Theunissen et al., 2008; Nielsen & Dau, 1997). However,

Theunissen et al., (2008) lists prepared with balanced phoneme distribution did not
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always result in performance equivalence; rather they observed high degree of variability
through the use of such a method. On the contrary, Kollmeier & Wesselkamp (1997) have
demonstrated that the optimization based on SNR 50, slope and phonemic content resulted
in equivalence between the lists. In the present study, lists were created by optimizing
SNR 50, slope, number of phonemes and phonemic distribution. The optimization
procedure employed in the present study resulted in equal SNR 50 and slope. The
phoneme distribution closely approximated the respective distribution in Hindi language
and no test list deviated substantially from this, except phoneme /ha/ which is over-
represented in the speech material. This exception might be related to the use of present
tense, which in Hindi implies towards the frequent use of this phoneme for ending a
sentence.

Phase 11

The second phase of the study involved validation of the developed list. The
average overall SNR 50 across studies ranged from -2.7 to -7.8 with an average of -4.24.
In the present study, the average SNR 50 obtained using the adaptive procedure across all
lists and listeners was -4.56. This average threshold value lies well within the range
observed in previous studies (Kollmeier & Wesselkamp, 1997; Versfield, 2000; Wong et
al., 2007; Nielsen & Dau, 1997). The standard deviation which gives an indication of the
variability within the collection of lists is a more important parameter than the absolute
values of the thresholds. The standard deviations reported in the previous studies ranged
from 0.27 to 1.5 dB. The present study found a standard deviation of 0.43dB, indicating a
comparable degree of equivalence across lists.

For each of the lists, the SNR 50 relative to the overall mean varied within £0. 5
dB which in agreement with some of the previous studies (Nielsen & Dau, 1997;

Kollmeier et al., 1997). Some of the other studies reported the variation in SNR 50 within
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1 (Nilsson et al., 1994; Vaillancourt et al., 2005) which makes the results of the present
study more stable than these studies. The standard deviation from the overall mean was
also calculated for each list. In the current study, the average deviation of all the lists was
found to be within +0. 43 dB (ranging between -0. 3 & 1.17) from the overall mean. This
was slightly smaller than the deviations reported in a number of other studies (Héllgren et
al., 2006; Nilsson et al., 1994; Vaillancourt et al., 2005, Wong & Soli, 2005). The low
variability noted in the present study implies that the optimization and equalization
procedure employed has led to more homogeneous sentence intelligibilities than in the
previous studies.

For estimating the clinical utility of the lists the SNR 50 was estimated on clinical
population and result revealed that there was a significant difference between the scores
of normal hearing and hearing loss. These results are consistent with the common fact
that as the degree of hearing loss increases the amount of perceptual difficulty also
increases. In the present study it was noted that although there was no significant
difference in the scores of cochlear loss vs conductive loss but the mean scores for
cochlear was poor compared to that of conductive hearing loss. Similar findings have
been reported by Yellin, Jerger and Fifer (1989) where they found the scores of 68%,
38.5%, 24%, and 11% for Mild, Moderate, Moderately Severe and Severe cochlear
pathology respectively. However these authors calculated the speech identification scores
and in the present study SNR 50 was estimated and also the mentioned authors used
synthetic sentences for the study which would have considerably increased the difficulty
and reduced the scores.

In addition, the results reveal that the sentence material is sensitive to differences
in speech identification abilities across different degrees of hearing loss except for few

lists. Similar abilities have been demonstrated in well used speech tests like Hearing in
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Noise Test (HINT) (Nilsson, Soli, & Sullivan, 1993) and CID Everyday sentences list
(Rippy, Dancer & Pittenger, 1983). This lends support to the idea of using the developed
sentence lists for routine clinical examination as well as for research studies. The
probable reason as to why difference was not seen in few lists could be attributed to less

number of subjects taken for the study.
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CHAPTER 5

Summary and Conclusion

The aim of the project was to develop and standardize a sentence test in Hindi
language. The study was conducted in two phases and first phase involved three
experiments. First experiment involved the collection and recording sentence material. In
the second experiment, sentence perception was assessed at five signal to noise ratios for
equalization of sentence material. In the final experiment using numerical optimization
procedure 20 different lists with 10 sentences each were formulated. The second phase of
the experiment involved, validating and assessing test reliability of the lists and third
experiment involved validating the list on clinical population.

The sentence material developed in Hindi described here contains highly
homogeneous test material and 20 sentence lists which are highly equivalent with ten
short sentences each. The average SNR 50 obtained using the adaptive procedure across
all lists and listeners was -4.56, with a standard deviation of 0.43 dB. The test appears to
be useful for clinical audiology, hearing aid fitting and assessing the communication

systems.
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Appendix 1

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

given below.

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 2

LIST1

SI. | Sentences in Hindi IPA

No.

1. YdeT EaR 3cck fGm H & prave:f|dva:r|uttar|difa:|m&| hai

2 T H Teh TS TS ¢ nakfe| m&| ek| nai:| sarak]| hai

3 ch gsh U oTGeh I trak| sarak| se| ludak| gaja:

4 alell arEd g1y TR e & do:no:|do:st|ha:th|mila:|rahe|hai

5 o= Afear I¢ I1aT| laraka:| si:dhija:| tfadh| gaja:

6 a7 ‘j,hcd\ o ohre forar| | bhikha:ri:| ko|kutte [ne[Kka:t] lija:

7 @Bo{dm AT T ;13hiljgur|d3a1]ga| |mé&|bo:l|rahe|ha

8 AT Aifesar & frgar arar| | a:dami:|si:dhijo:| se| phisal| gaja:

9 aﬁﬁmgmagﬁag%| batftfe|ki: | pa:thfa:la:|bahut|du:r|h
ai

10 | g qxgdaT 3T aeTar g | barph|par|tfalna:|atft/ha:|lagta:|h
ai
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SI. | Sentences in Hindi IPA

No.

1 | &er & fereaAT fr sAR B de:JImé|nikammo:|ki:|bharma:r|hai
2 | g ST H AT ghane| dzaggal| m&|nadi:|hai

3 | TAUTEY & TEAT ATAH g sipa:hi:|ko| ra:sta:| ma:lu:m| hai

4 | O & [@shr A g rasoighar| Ki:| khigaki:| sa:ph| hai
S | AT H N T ma:| ro:ti:mé&| ghi:|laga:|rahi: | hai
6 | I ool Ay WA gl | ra:ni:|sahelijo: ke | sa:th [ khel | rahi:ihai
7 HIST 5 WIS W e | ghora| sarak|par| daug| raha:| hai
8 TR H Bl AgY A ba:dza:r| mé|phal| nahi:| mile

9 AT T Qs e as| | kamiidz| ki:| sila:i:| nikal| gai:

10 | grefvgca iR snfear@a gl | haithi:|page | aur|dshaigija: [kha:tel

hai
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