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Development and Validation of Tulu Sentence Lists to Test
Speech Recognition Threshold in Noise
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Introduction: We aimed to develop sentence lists in Tulu language to measure speech recognition thresholds (SRTs) in noise and verify
the equivalence of the developed lists in noise among individuals with normal hearing. Methods: This cross-sectional study was conducted
in three phases; first, the developmental phase, collection, and development of the sentence material in the Tulu language were carried out.
Sentences rated highly familiar/familiar and highly natural/natural by 80% of the raters were considered for the next phase. In the second phase,
22 sentence lists were prepared, with each list containing ten sentences of equal difficulty level in noise. The difficulty level was matched
mainly based on the similarity (+1 standard deviation [SD]) of signal-to-noise ratio 50 (SNR-50), the slope of the sentences, the number of
content words, and phonemes. The third phase evaluated the equivalency of developed sentence lists. Sixty-two native Tulu speakers with
normal hearing sensitivity, aged between 18 and 39 years, participated. Of these 62 participants, twelve were recruited for the first phase,
20 individuals participated in the second phase, and 30 participated in the third phase. Results: Thirteen sentence lists were equivalent and
were a reliable measure of SNR-50 in native speakers of Tulu who have hearing sensitivity within normal limits. Using the sentence scoring
method, the average SNR-50 of these sentence lists was —4.19 dB with a SD of 0.21 dB. The developed sentences also had less within-subject
variability than between-subject variability. Conclusions: These 13 equivalent sentence lists provide a valid and reliable tool to measure the
SRT in noise in native Tulu speakers with hearing sensitivity within normal limits.

Keywords: Sentence scoring, signal-to-noise ratio-50, speech recognition threshold, Tulu language

Date of Submission: 04-09-2021 Date of Revision: 12-10-2021 Date of Acceptance: 14-11-2021 Date of Web Publication: 24-12-2021

INTRODUCTION experienced by listeners with hearing impairment.!'! Sentences
are advantageous as they provide information regarding
the contextual characteristics of conversational speech.
Furthermore, sentence materials are more reliable and efficient
for SRT measurements because of their steeper psychometric
functions.>¥ However, using sentences as stimuli also has
disadvantages. To understand sentences, the presence of
many contextual cues acts as extrinsic redundancies. Hence,
sentences are easy to be memorized. Therefore, in tasks that
require repeated measurements of SRT, utilizing sentences
is highly difficult. Although disadvantages are present, the
advantages outweigh the disadvantages as the sentence

Assessment of speech perception is a crucial part of the
audiological test battery. Information about an individual’s
sensitivity to speech stimuli and the ability to understand
speech is provided by speech audiometry. Speech detection/
awareness threshold, speech recognition threshold (SRT), and
speech discrimination/identification score are the commonly
used test procedures in a standard speech audiometric
procedure. Among these, SRT is the most commonly used
procedure in speech audiometry. Optimal test material must
be selected to measure SRT for the effective clinical outcome
because SRT involves understanding speech stimuli.[
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material provides a comprehensive view of an individual’s
speech perception compared to any other material. When
sentence material is used, generally, testing is done in
background noise as it represents listening difficulties in
everyday life situations.™"!

Studies have used a variety of methods in developing sentence
materials for speech audiometry. First, many sentences can be
used to develop different sentence lists,!>¢"! or matrix sentences
could be constructed.®!! Second, the types of background
noise used are different across studies. Investigators have used
the long-term average spectrum (LTAS) of the recorded speech
materiall'!?! and multi-talker babble.l¥ Among different
types of noise that can be used in the background, the LTAS
of the recorded speech material is said to be more accurate in
measuring sentence recognition thresholds while using the
sentence scoring method!"! the SRT in noise. Some researchers
have used an adaptive procedure to vary the signal-to-noise
ratio (SNR) depending on the response of the participant.!*”!
Others have estimated scores for each sentence in a list at
different SNRs.!'*!5] The psychometric function of sentence
recognition score measured at different SNRs is generally used
to form equally intelligible sentence lists. The information from
the psychometric function can be utilized in two different ways
to form the equivalent lists. One such method is to use the
slope of psychometric function to equate the intelligibility of
sentences.!'>! In this method, the difference in an individual
sentence’s percent intelligibility score from the overall mean
will be used to rescale the intensity level of the sentence.
Another method is to eliminate the sentences whose slope of
the psychometric function and SRTs are significantly deviating
from that of other sentences.!*!7 We used the later procedure
in this study.

The accuracy and validity of speech audiometry can be
enhanced by using standardized speech stimuli in the native
language of an individual.'®!?! Sentence materials have been
developed for speech audiometry in English!'*'*! and other
foreign languages, for example, German,®! Canadian French,”
French,?" Swedish,?” Mandarian,?! Polish,!'? Afrikaans,?*
and Cantonese. India has vast diversity with a multilingual
and multicultural population with nearly 29 independent
languages. Hence, many researchers have developed materials
for speech audiometry and perception tests in Indian languages.
For example, sentence lists have been developed in Kannada,®
Hindi, and Telugu!"! to measure SNR-50. Tulu language,
one of the oldest Dravidian languages with 1,846,427 native
Tulu speakers in India,?® is spoken in Dakshina Karnataka
and the northern part of Kerala.?”?® Many regional and social
differences lead to five regional dialects and four social dialects
of Tulu.?? It has few materials for assessing speech perception.
Samuel®® developed speech audiometry stimuli in the Tulu
language, which are word-level. Sentences lists have not been
developed in the Tulu language.

The present study aimed to develop equivalent sentence lists
in the Tulu language to measure SRTs in noise. We also aimed

to verify the equivalence of developed sentence lists in noise
among individuals with normal hearing. As mentioned above,
there are various regional and social dialects in Tulu, and each
of the dialects has subtle differences among them. Among all
the dialects, the common dialect of Tulu is used by the majority
of Tulu speakers. In addition, media, magazines, textbooks,
and movies of Tulu use common dialect. Hence, people from
other regional and social dialects of Tulu are familiar with the
common dialect of Tulu. Thus, the sentence material developed
in this study used the common dialect of Tulu.

MaTeriALs AND METHODS

Participants

In the study, 62 native Tulu speakers (23 males and
39 females) with normal hearing sensitivity (average hearing
threshold <25 dB HL in both ears), irrespective of their dialects,
aged between 18 and 39 years, participated. Each participant
was subjected to pure tone audiometry by utilizing the modified
Hughson-Westlake method?®'! across octave frequencies
between 250 Hz and 8000 Hz for air conduction measurement
and 250 Hz 4000 Hz for bone conduction measurement. The
pure-tone average in both ears of all the participants was <25 dB
HL with “A” type tympanogram, and acoustic reflex thresholds
for pure tones at octave frequencies from 500 Hz to 4000 Hz
were within normal limits. None of the participants reported any
complaints/history of cognitive/otological issues or difficulty
understanding speech. These participants were distributed
among the three phases of the study. All the participants were
informed in detail about the procedure, purpose, and need
for the study, and written informed consent was taken. They
participated voluntarily in the study and were not paid. Ethical
clearance from the institutional ethics committee was obtained
before commencing the study.

Procedure

The research was done in three phases. The first phase was
the developmental phase, wherein the collection of sentences
and development of the sentence material in the Tulu language
was carried out; in the second phase, sentence lists of equal
difficulty level in noise were prepared. The third phase
evaluated the equivalency of the developed sentence lists.

Phase 1: Developmental phase

Selection of sentences

A total of 500 sentences were accumulated from various
sources like consulting linguists with good knowledge of
the Tulu language, few natively available Tulu textbooks,
magazines, general conversations, and picture descriptions.
The sentence complexity and structure of the sentences
were kept as simple and similar as possible. Developed
sentences were made semantically neutral by avoiding
topics that included politics, gender equality, caste, and
war. Ambiguous sentences, sentences including proverbs,
questions, exclamation marks were not included in the list.
Each sentence had seven to thirteen syllables and three to five
words. Developed sentences were syntactically correct and
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semantically neutral. No duplicate/redundant sentences were
selected. Based on the criteria mentioned above, 488 sentences
with two to five keywords were selected.

Selected sentences were typed and printed in Kannada
script (Tulu script is not commonly used, and Kannada script
is generally used in print communication) and were presented
to 12 native Tulu speakers irrespective of dialects. They
assessed the naturalness and familiarity of every sentence
using a subjective rating scale. Familiarity was assessed
based on familiarity and occurrence of the sentence in daily
conversation on a three-point rating scale (very familiar,
familiar, or unfamiliar).*?! Naturalness was rated on a 5-point
rating scale, where a score of 5 indicates highly natural, and
a score of 1 indicates totally artificial and not heard.'"®” The
sentences rated as familiar and highly familiar for familiarity
and natural and highly natural for naturalness by at least 80%
of the participants were selected for the second phase. Four
hundred and forty-one sentences were obtained based on the
rating measures. The features of developed sentences, such as
sentences representing daily conversation, free from proper
nouns, questions, proverbs, and exclamations, warranted
that the sentences received a high rating of naturalness and
familiarity and only a few exclusions were required.

Recording and editing of the sentences

The sentences were digitally recorded in a sound-treated
room using Audacity® version 2.0.5 software at a sampling
rate of 48 k Hz with 64-bit resolution. A windshield attached
to a powerful directional microphone was placed 10-15 cm
from the speaker’s mouth. Three adult female speakers in the
age range of 21 and 25 years were considered as potential
speakers. These three speakers recorded ten sentences each.
Their speech sample was given to five audiologists to select
a speaker based on their assessment of the voice quality,
sentence intonation, rate of speech, stress, intelligibility, and
pronunciation. A 21-year-old adult female who was a native
Tulu speaker from common dialect was selected as speaker
based on the assessment from all the listeners. Each sentence
was read out thrice and was recorded and stored in separate
wave files in.wav format. One of the three audio samples for
each sentence with the best perceptual intelligibility and stable
suprasegmentally was chosen as the final test material. These
individual wave files were normalized by adjusting the root
mean square (RMS) level with respect to maximum digital
output. This editing was performed using Adobe Audition,
V3 (Adobe Systems Incorporated, San Hose, CA) software.

Generation of noise

Background noise was generated using MATLAB function
to equate the LTAS of the 441 sentences. The sentences
were concatenated in random order, and a fast Fourier
transform (FFT) algorithm was performed. This provides
the exact spectral weightage of the sentences, which were
multiplied with random phase, and an inverse FFT (iFFT) was
performed. Finally, taking the real values of iFFT resulted in the
noise, which had a frequency spectrum similar to the LTAS of

441 sentences. Thus, the generated noise had an RMS level that
was matched to that of the sentences. Figure 1 shows the LTAS
of selected 441 sentences and speech spectrum-shaped noise.

Phase 2: Selection of sentences with equal intelligibility in
background noise

Participants and procedure

The recorded sentences were mixed with noise and were
presented at four different SNR levels (—2, -4, —6, and -8 dB).
These four SNR values were chosen based on the results
of previous literature, which reports the mean SRT to
be approximately —4 dB SNRI!712162022] to attain a 50%
sentence recognition score. A laptop with MATLAB software
version 7.10.0 (MathWorks, USA), Sennheiser HD 280
Pro headphones, and FiiO E17 Alpen Portable Headphone
Amplifier were used to present the stimuli. The noise level
was kept constant at 60 dB SPL, and the intensity of the
sentences was varied to achieve desired SNR. The sentences
were presented monaurally to either the participants’ right ear
or left ear, and the ear was selected randomly.

All the 441 sentences were presented to 20 native Tulu-speaking
participants such that one participant was tested only at one
SNR, and a total of five participants were tested at each SNR.
The participants reported the sentences as fully as possible.
Scoring for word recognition was based on total content words
repeated correctly. Participants speculated the words if not sure.
The percentage of correct identification score was calculated at
each SNR for every sentence based on total correctly repeated
words, and the identification scores were averaged across the
participants. Finally, an average identification score across
all 441 sentences was determined at every SNR. Using a
logistic function, sentence-specific psychometric curves were
derived for each sentence. SNR-50 and slope of identification
performance were obtained for all the sentences using the
equation below,?

——LTASS

-—=SSN

Magnitude (dB)

-100

100 1000 10000

Frequency (Hz)

Figure 1: Long-term average spectrum of selected 441 sentences and
spectrum of speech spectrum shaped noise
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P(SNR) =100 +1+ ¢ M -SME0/S

Here P (SNR) represents the sentence recognition score in
percentage at SNR, SNR indicates the SNR used for sentence
identification, SNR50 represents the SNR at which 50%
intelligibility was obtained, and ‘S’ represents the spread of
the psychometric curve for every sentence. ‘m’ represents
the slope of the psychometric function, and the spread
of the psychometric curve ‘S’ is inversely proportional
to “m” (S = 25/m). Out of 441 sentences, a total of 220
sentences had slope and SNR-50 within +1 SD on estimated
psychometric curves and were considered for the next phase.

Formulation of equally intelligible sentence lists

Twenty-two lists, each having ten sentences, were formulated
from the selected 220 sentences. The aim was to obtain
several sentence lists with similar SNR-50, slope, number of
content words, and phonemes. The lists were formed using a
similar procedure described by Tanniru ef a/.l'! and Kollmeier
and Wesselkamp.» Among all the desired parameters to be
matched, SNR-50 and the slope of the sentences were given
more importance. The average SNR-50 of all the sentences
was considered as the desired SNR-50 for each sentence list.
Then, ten sentences were randomly selected, and the average
SNR-50 was computed. If the difference between the average
of each parameter of the formed sentence list was within 1 SD
of the desired values for all the parameters, these ten sentences
were considered one list. For example, if the desired SNR-50
is -3.56 dB and the standard deviation (SD) is 0.32, the SNR-50
obtained from the ten sentences in a list is —3.74 dB (which is
within —3.56 + 0.32), then these ten sentences are considered to
be one list. These 10 sentences were eventually removed from
the group of 220 sentences. This optimization procedure was
repeated using the MATLAB software until 22 lists were formed.

Phase 3: Verification of equivalency of sentence lists
Participants

Thirty native Tulu speakers participated in this phase. All the lists
were presented to every participant in random order, and SNR-50
for each list was obtained using the adaptive method. When
testing each list, the first sentence was presented at -8 dB SNR.
If'the first sentence was not repeated correctly, the same sentence
was repeated, wherein the signal level was made better by 2 dB.
This was continued until the correct response was obtained for
the first sentence. Following this, every correct response resulted
in reducing the SNR by 2 dB, and every incorrect response
resulted in increasing SNR by 2 dB. That is, the one up, one

down procedure was used for sentences, keeping noise level
constant. Thus, the presentation level was varied in 2 dB steps
depending on the listener’s response to obtain SNR-50. APEX
3 program developed at ExpORLP was customized to do the
testing in the adaptive procedure. To score a sentence as correct,
the participant had to repeat the whole sentence correctly. SNR-50
was calculated as the average of the last four reversals. The
participants were tested monaurally by randomly testing the right
ear for 50% of the participants and the left ear for the other 50%.

Statistical analysis

The data for each phase were tabulated, and descriptive
statistics were done. Inferential statistics was done for phase 3
data using SPSS Statistics for Windows, Version 17.0. Chicago:
SPSS Inc. That is, repeated-measures ANOVA for lists was
done to check for equivalence of developed lists.

ResuLts

Selection of sentences with equal intelligibility in
background noise

The average and SD of the percentage of correctly identified
words across all the 441 sentences at four different SNRs
are given in Table 1. The mean slope of the sentences was
23.34% per dB SNR (SD =+ 0.24 dB). The mean SNR-50
was —3.56 dB (SD £+ 0.32 dB). Among 441 sentences, 220 had
slope and SNR-50 within +1 SD on estimated psychometric
curves; hence, they were chosen to prepare sentence lists.
Table 1 also provides the percentage correct scores obtained
for these 220 selected sentences at four different SNRs.

Verification of equivalency of sentence lists

Average SNR-50 and SD of developed 22 lists obtained across
all the participants are given in Table 2. The mean of SNR-50
across 22 lists was —4.28 dB. From Table 2 it can be observed
that among 22 lists, lists 1, 7, 11, 12, 14, 15, 18, 20, and 22
had a mean SNR-50 greater or lesser than 0.5 dB of —4.28 dB.
This might indicate that the SNR-50 obtained using these lists
could differ from the SNR-50 obtained from other lists. Hence,
these nine lists were removed, and the remaining 13 lists
(sentence lists numbered 2, 3, 4, 5,6, 8,9, 10, 13, 16, 17, 19,
and 21 were subjected to repeated-measures ANOVA with the
list as a within-subject factor. The results showed no significant
difference among 13 sentence lists (F[12,348]=1.15, P=0.32).
Hence, these 13 lists can be considered equivalent and as final
test material. The final developed lists were renumbered as lists
1 through 13 instead of the original list numbers. List 1 is given
in the Appendix. The average number of words, the average

Table 1: The mean and standard deviation of percent correct word identification score for sentences at four different
signal-to-noise ratio across 441 sentences and selected 220 sentences

Percent correct scores

Mean (%)=SD

—2dB SNR —4dB SNR —6 dB SNR —8 dB SNR
Of 441 sentences 84.53+11.88 37.45+14.41 9.19+£8.71 2.51+5.08
Of selected 220 sentences 84.74+7.66 36.87+8.87 8.05+6.66 1.21£3.13

SD: Standard deviation, SNR: Signal-to-noise ratio
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number of content words, the average number of syllables,
and the average number of phonemes per sentence in 13 lists
are tabulated in Table 3. The mean SNR-50 obtained from 13
lists was —4.19 dB (SD + 0.21 dB). The average slope of 13
lists was 21.45% per dB SNR (SD + 0.66 dB) with a range of
14%—27% per dB SNR.

To ascertain whether the frequency of each phoneme in
different lists is similar across the lists, a one-sample #-test

Table 2: Mean signal-to-noise ratio-50 and standard
deviation of the developed 22 sentence lists

List number Mean SNR-50+SD
List 1 4.82+1.23
List 2 4.13+0.93
List 3 4.27+1.04
List 4 4.33+1.08
List 5 -3.83+0.75
List 6 —4.03+1.67
List 7 5.12+1.03
List 8 —-4.32+1.34
List 9 —4.4+1.46
List 10 -3.85+1.13
List 11 —3.75+0.90
List 12 -3.77+1.02
List 13 —4.2+1.55
List 14 —3.48+1.17
List 15 —4.9+0.94
List 16 —4.48+0.76
List 17 —4.07+0.53
List 18 ~4.87+0.96
List 19 —4.42+1.11
List 20 ~5.33+0.88
List 21 —4.15+1.12
List 22 -3.72+1.21

Lists marked in bold are the final 13 equivalent sentence lists. SD:
Standard deviation, SNR: Signal-to-noise ratio

was done. In this, the average number of each phoneme
across the lists was used as the test value. The results revealed
that the frequency of all the phonemes in the language was
similar across the lists (P > 0.05). The frequency distribution
of phonemes in each list was not compared to that in the Tulu
language since such data is not available.

Test reliability

The reliability of SNR-50 obtained from a single participant
was determined similarly to that done by Tanniru ez al.l! and
Nielsen and Dau.P! For each participant, SNR-50 across 13
lists was averaged and was considered as “true SNR-50.” This
value of true SNR-50 was deducted from SNR-50 in each list
obtained for that participant. These difference values were
considered as the deviation of each assessed value of SNR-50
from the true SNR-50. There were 390 values obtained from
this analysis (13 lists x 30 participants). Results showed that
71% of the values were within + 1 dB, 90% of the values were
within £1.5 dB, 94.9% of the values were within +2 dB, and
99.23% of the values were within £3 dB of the true SNR-50.
The average within-subject SD was 0.99 dB. Thus, the final
13 lists have negligible within-subject deviation, hence,
have reasonably good reliability. Furthermore, inter-subject
variability was obtained from the same deviations from the
true SNR-50 values by averaging the SDs obtained across the
participants. This value was 1.04 dB. Thus, within-subject
variability was less than between-subject variability.

Significance of signal-to-noise ratio-50 difference across
conditions

It is essential to know when the SNR-50 measured across
different conditions can be considered significant when they
are measured using different equivalent lists. For this, two
features need to be considered. As mentioned above, 99.23% of
the measured SNR-50 were within +3 dB of the true SNR-50.
The within-subject SD of 0.99 dB was obtained among

Table 3: The average number of words, content words, syllables, phonemes, signal-to-noise ratio-50, and slope of the 13

equivalent lists

Lists Average number Average number Average number Average number Average Average slope

of words per of content words of syllables per of phonemes SNR-50 (dB) (% per dB SNR)
sentence per sentence sentence per sentence

2 4 3.4 10.1 20.8 —4.13 20.8

3 3.8 32 10.2 213 427 213

4 4 33 10.2 22 433 22

5 4 33 10.6 222 -3.83 222

6 3.9 32 10 213 —-4.03 213

8 43 3.4 10.4 21.7 432 21.7

9 42 32 10.3 21.1 —4.4 21.1

10 3.7 3.4 9.8 20.2 -3.85 20.2

13 42 35 10.5 21.3 -4.2 213

16 42 3.0 10 21 —4.48 21

17 4 3.4 10.5 21.29 -4.07 222

19 4 35 10.9 21.34 —4.42 226

21 4.1 3.6 10.6 21.34 -4.15 212

SNR: Signal-to-noise ratio
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normal-hearing individuals. If this assumed to be valid for
hearing-impaired listeners also, then, the expected deviation of
the difference would be (V2 x 0.99 = 1.40).1"" When a two-tailed
test is considered, the 5% critical region will be limited by
2.74 (1.96 x 1.40 = 2.74). Thus, in a listener, if a difference
of 2.75 dB is obtained, for all the practical purposes, it can be
taken as an indicator of significant difference among the two
conditions in which testing was done.

Discussion

The present study aimed to develop and validate equivalent
sentence lists in the Tulu language to assess SRT in noise.
The features of developed sentences during phase 1, such as
sentences representing daily conversation, free from proper
nouns, questions, proverbs, and exclamations, warranted
that the sentences received a high rating of naturalness
and familiarity, and only a few exclusions were required.
The sentences from the first phase were tested on normal
hearing individuals at four different SNRs, which helped
in estimating the intelligibility of the sentences by using
psychometric function. Several previous researchers have
used these slopes to make adjustments in SNR such that the
intelligibility of the sentences will be equated®*?% and have
found it to be varying from 9% to 17.9% per dB SNR. Using
the word scoring method, the mean psychometric slope for
441 sentences ranged between 1.89% and 71.09% per dB
SNR in the present study. Adjusting the intelligibility of the
sentences using the rescaling method with this wide range
of slope would be a tedious task because this requires a large
number of participants (e.g.,'”). Hence, in this study, we
used an elimination procedure similar to that used by other
investigators,['” which reduces the number of participants
studied. In this, the psychometric slopes and SNR-50 were
used to select sentences with comparable performance. This
allowed us to eliminate sentences that differed significantly
from most sentences, that is, more than one SD from the
average SNR-50 and psychometric slope.

The average SNR-50 and its SD across the lists obtained in
this study were compared to previous studies which have
used the sentence scoring method [Table 4]. The SNR-50
in this current research supports the range from previous
studies.['*1723] The SD of SNR-50 across the lists indicates
the variation within the set of lists. A SD of 0.21 dB in the
current study suggests a similar level of equivalence across
lists. This SD is similar to that obtained by Tanniru et al.!"!
However, other studies have reported slightly greater SD s
ranging from 0.27 to 1.2 dB (mean = 0.77 dB). Thus, the
variation across developed lists is low compared to most
previous studies, which is a desired feature of the equivalent
lists. Removing the nine most divergent lists which had
SNR-50 > +0.5 dB could be one of the reasons to obtain
such a low SD. The present study followed the systematic
procedure very closely to that followed by Tanniru et a/.,l")
and it can be seen that both studies obtained similar SDs.
The lower variability could even be due to consideration

Table 4: Speech recognition threshold in noise across
studies in the literature which have used sentence
scoring method compared with the present study

Authors Overall SRT (dB) SD

Nilsson et al. (1994)!'! -2.90 0.78
Versfeld et al. (2000)!'7) —4.10 0.27
Vaillancourt ef al. (2005)>" -3.30 0.50
Wong and Soli (2005)!"¢! -3.90 1.00
Hillgren et al. (2006)12%) -3.0 1.1

Wong et al. (2007)23! —4.30 0.62
Nielsen and Dau (2009)5 -3.15 0.5

Jain et al. (2014)17) —4.56 0.43
Tanniru et al. (2017)M —2.74 0.21
Current study —4.19 0.21

SD: Standard deviation, SRT: Speech recognition threshold

of added parameters such as the slope of the sentence,
number of phonemes, and words in the sentence lists while
optimizing the lists.

It is to be noted here that the phoneme frequency distribution
data in the Tulu language is not available. Hence, the frequency
distribution of phonemes in each list could not be compared to
that in the Tulu language. However, this need not be considered
a limitation of the developed material, as all the 13 lists have
provided equivalent performance. Furthermore, results of a
one-sample t-test were for all the phonemes in the language
revealed that the frequency of all the phonemes in the language
was similar across the lists.

The SD of 0.21 dB also indicates the within-subject
variability. Furthermore, within-subject variability was also
obtained from the deviations of true SNR-50 (0.99 dB). This
within-subject variability was less than that of between-subject
variability (1.04 dB), a desirable feature of the standardized
speech material. In addition, in a participant, when SNR-50 is
measured in two conditions, if they differ by >2.75 dB, that can
be considered as a significant difference in SNR-50 between
those two conditions. This value of clinical significance is
also similar to that obtained by Tanniru et al.,'l who obtained
the clinical significance value of SNR-50 as 2.7 dB. Thus,
the developed 13 Tulu sentence lists were found to be an
equivalent and reliable measure of SNR-50 in native speakers
of Tulu.

The findings of the present study are limited to sentence-based
scoring. The effect of different types of scoring (word-based
and sentence-based) on SNR-50 was not done. Future studies
can study the phoneme distribution in the Tulu language and
compare the phoneme distribution of present developed lists
to that data. Furthermore, the verification of equivalence
of the sentence lists was done on 30 participants, including
individuals belonging to all the dialects of Tulu. Future studies
can investigate the equivalence of the sentence lists across
listeners from different dialects separately. In addition, it
would be beneficial to assess the equivalency of the developed
sentence lists in the hearing-impaired population.
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CONCLUSIONS

Thirteen sentence lists were developed in the Tulu language,
equivalent and comparable to those developed for other
languages. The average SNR-50 is —4.19 dB (SD + 0.21 dB).
In addition, within-subject variability on these developed 13
lists was less than that of between-subject variability. Hence,
different lists can be used on the same subject during clinical
practice and also during research. The difference of mean
SNR-50 among the two SNR conditions was 2.75 dB which
should be considered as a significant difference while using
the developed lists for clinical/research purposes. Thus, the
sentence material developed in the Tulu language is highly
beneficial in carrying out routine speech audiometry testing of
native Tulu speakers with normal hearing sensitivity.
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APPENDIX

Bhat, et al.: Tulu sentence lists for SNR-50

List 1: The 10 sentences of List 1 in Kannada and International Phonetic Alphabet (IPA)

Sentence in Kannada

Sentence in IPA

Sentence in English

8 B3 Jedh FeDord
B3 Lo B, GLOW
20D FpeRd ol weed
&0 3¥Meeie T8 evod
€363 BPTTD ST} Ay,
By SriFdmd QoD ¥
roed Fed, 2OD NBZod
&R Q) DY NOeoD
83 0o 2300 JTe

B80° oF Seedde ot

i: keduta ni:r fokundu

a:rda dzindza pa kilu undu
enk Jokuda gombe bo:du
areg tfaliga:lodu radze undu
a:ta turvareg ma:teregla ifta
railudu tirgyaregu enku ifta
gante pu tfe ilin gidapundu
a:rna i, lu mastu gali:dzundu
axr jank ba:ri vife:'a

arr e na mokeda ba:le

Water from this lake is good

They have many birds

I need a beautiful doll

They have winter holidays

Everybody likes to watch the dance-drama
I love traveling in train

Big cats will chase the rats away

Their house is very dirty

That person is very special to me

She/He is my lovely child

IPA: International Phonetic Alphabet
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