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Abstract
Context: Sentences are rich in redundancy, and therefore, their identification is 
often facilitated by the context. The use of phrases introduces limited contextual 
cues into the process of identification and facilitates the evocation of words. Thus, 
there is a need to develop phrase recognition test to assess identification abilities. 
Aims: To develop and validate phrase recognition test in Kannada language for 
assessing speech recognition in noise. Settings and Design: Normative research 
design was utilized. Subjects and Methods: A total of 70 phrases in Kannada 
language were constructed and 67 of them were selected based on familiarity rating. 
Ten participants each in two groups were involved for the list equivalency and 
validation. Statistical Analysis Used: Repeated measure of analysis of variance 
was utilized for the lists equivalency and standardization. Results: Sixty‑seven 
phrases were shortlisted from 70 phrases through familiarity rating. These phrases 
were embedded in different 5 signal to noise ratios (SNRs) (−9 dB SNR to −1 dB 
SNR in steps of 2 dB). Analysis of results showed 50% recognition score at ~−5 dB 
SNR. In addition, the phrases that were too easy and too difficult were eliminated. 
From the remaining phrases, five lists of 10 phrases each were constructed and 
compared for their equal intelligibility in noise. The results revealed no significant 
differences across the phrase lists. Conclusions: The homogenous five lists of the 
Kannada phrase recognition test will be useful to assess identification ability of the 
listeners and hearing aid benefit.
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Introduction

In clinical audiology, hearing ability is assessed using 
pure tones of different frequencies. However, pure tone 
audiometry does not give a complete understanding of 
one’s ability to recognize speech.[1] Therefore, additional 
speech identification tests are carried out for which 
speech materials such as monosyllables, bisyllables, 

and spondees are used. Although performance scores 
on speech material such as monosyllables, bisyllables, 
and spondees provide an idea of person’s ability to 
understand speech, they pose limitations such as convey 
minimal semantic and syntactic contents,[2] and far 
from day‑to‑day naturalistic conversation.[3] Utilizing 
monosyllables in rehabilitation confers relatively less 
relationship between identification score and real 
world hearing aid benefit,[4] Furthermore, stimuli such 
as spondees seldom occur in conversation, and the 
variation in intonation, stress, and pauses that occur in 
spondees are far from being representative of natural 
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communication,[5] and words having two syllables are not 
considered best in evaluating the parameters of hearing 
aid, i.e., isolated words end before the algorithm (longer 
compression release time and noise reduction strategy) 
takes its full action.[5] Thus, these limitations accentuate 
the need for longer length of speech materials.

Geetha et al.[6] developed and standardized a Kannada 
sentence test, in which 50% identification score was 
obtained at −5 dB signal to noise ratios (SNR). In a similar 
line of study, Chandini et al.[7] developed and standardized 
the Hindi sentence test. A  −4  dB SNR is required to 
obtain 50% sentence recognition score. In clinical setting, 
using sentences as speech materials overestimates the 
performance in recognition due to its redundancy.

Thus, in clinical setting, assessing speech ability 
from a client requires speech material that has lesser 
redundancy than sentences, warrants lesser linguistic 
competency, is close to the naturalistic situation, 
and estimates the genuine advantage of particular 
parameter of hearing aid  (compression ratio, release 
time, directional array, and noise reduction algorithms) 
in the rehabilitative process. Phrases take into account 
of the above‑mentioned qualities and therefore qualifies 
to be an appropriate speech material. It eliminates 
drawback exists in other speech materials in the process 
of assessing the listener’s ability to recognize speech. 
A  phrase consists of one or more words forming a 
grammatical constituent of a sentence and infers 
incomplete content of information.[8]

Most often clients complain of difficulty to follow speech 
in the presence of background noise.[9] In addition, 
speech occurring in isolation is seldom in a naturalistic 
situation. Thus, in the present study, the phrases were 
embedded in noise at different signal to noise levels 
to account for everyday communication scenario that 
the listener undergoes in understanding speech in 
varied degrees of background noise. Assessing speech 
perception with phrases in noise will also be helpful 
while accounting for the benefit from amplification to 
the beneficiaries and in turn will be useful in counseling 
the patient regarding their expectation from hearing 
devices, especially when listening in background 
noise. Further, in recent decades, there has been 
marked improvement in the hearing aid technology 
such as noise reduction, directionality, compression, 
and expansion. Hence, more number of lists would 
be required to compare across the parameters in the 
hearing aid without compromising on the familiarity of 
these materials. Thus, the aim of the present study was 
to develop and validate a test of phrase recognition in 
noise, in Kannada language. The objectives of the study 

were: (i) To develop a test of phrase recognition in noise 
and (ii) to validate the developed Kannada phrase test 
in noise on the normal hearing group.

Subjects and Methods

The study was conducted in two phases. In the 
first phase, the Kannada phrases were selected and 
embedded in noise at different SNRs for obtaining 50% 
recognition threshold and also to construct the phrase 
lists which were equally intelligible in noise. In the 
second phase, the developed phrase test material was 
validated on normal hearing group.

Phase‑1: Identification of phrases in Kannada for 
assessing speech recognition threshold
Phase‑1 had two experiments. In the first experiment, 
the phrases in the Kannada language were constructed, 
recorded, and mixed in noise at different SNRs. In 
the second experiment, the phrases that were equally 
intelligible in noise were selected and composition of 
lists was made.

Experiment‑1
Seventy phrases were collected from upper primary school 
children’s textbooks (5th–7th grade), magazines, day‑to‑day 
conversation, and the internet. The selected phrases had 
to fulfill the criteria specified by Versfeld et al.[10] The 
phrases chosen consisted of two words. Each word should 
have 3–4 syllables. The phrases collected were ensured to 
have correct syntax and semantic structures, which were 
further analyzed with the help of a linguist for accuracy.

The phrases selected comprised noun phrases, verb 
phrases, adverb phrases, adjective phrases, and 
preposition phrases (PP). The average duration of the 
phrases was 1.5 s. These 70 phrases were given to ten 
native speakers of Kannada language for the familiarity 
check. Based on their ratings, those phrases which 
were rated highly familiar on three point rating scale 
of familiarity test were selected  (3  =  highly familiar; 
2 = familiar; and 1 = not familiar).

Three phrases from 70 phrases were not selected as it 
failed to meet the criteria of familiarity. The selected 
67 phrases from the familiarity test were recorded 
from three female‑trained singers, who are native 
speakers of Kannada. A  recording microphone 
(Ahuja, AUD‑101XLR) (having a frequency response 
from 20 Hz to 20 kHz) was placed at 10 cm away from 
the speaker’s mouth.[11] Each speaker was informed 
to clearly articulate the phrase with normal vocal 
effort and was insisted to maintain natural intonation 
pattern. Adobe Audition  (version  3) Syntrillium 
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Software company, Phoenix, Arizon, United  States 
software was used to record the phrases at a sampling 
rate of 44.1  kHz with 24‑bit resolution. All the 67 
phrases were saved as.wav files. These phrases were 
adjusted to an average root mean square (RMS) level 
of  −20  dB  (maximum digital output) with maximum 
peak levels of approximately −5 dB. The resultant 201 
amplitude normalized phrases (67 phrases × 3 speakers) 
were presented to ten normal hearing adults at their 
comfortable level for goodness test. Only those phrases 
that were rated “4” or “5” on a five point rating scale of 
naturalness were selected.[7] The five point rating scale 
of naturalness used was as follows.
•	 �Totally unnatural and not encountered at all
•	 �Somewhat unnatural, it is unlikely that one such 

sentence is encountered
•	 �Sentence is unusual, but you may have heard
•	 �Natural, but less frequently encountered in everyday 

conversation
•	 �Natural and frequently encountered in everyday 

conversation.

Generation of noise
A speech‑shaped noise was generated to match the 
long‑term average spectrum of phrase material. This 
was done to accurately obtain a slope of psychometric 
function and to determine highly reliable speech 
recognition score. Phrases were randomly selected and 
concatenated. To the concatenated phrases, the fast 
Fourier transformer (FFT) was performed. The phase 
of the FFT was randomized and converted back to wave 
file by the inverse FFT. The noise generated had only 
little amplitude variation and a frequency spectrum that 
corresponded with the long‑term average spectrum of 
the phrases. The RMS level of the noise was matched to 
the same level of the phrases. Figure 1 depicts long‑term 
average speech spectrum  (LTASS) of phrase and the 
phrase spectral‑shaped noise.

Mixing noise at various signal to noise ratios to the phrases
The 67 phrases were embedded in each of the 6 SNRs, 
i.e.,  from  −9 to  −1  dB, in 2  dB steps. The following 

steps were followed to mix noise at each SNR to 
the phrases. Initially, the RMS of each phrase was 
computed by the MATLAB code to which the speech 
spectrum‑shaped noise was mixed at  −9  dB SNR 
digitally. The noise onset preceded the onset of phrase 
by 300 ms and continued till 300 ms after the end of 
the phrase. The noise was ramped using the Cosine 
square function with ramp duration of 100 ms. The 
onset of the noise before the phrase is believed to guard 
against unintended onset effects. Similar procedure 
was used to embed the 67 phrases in each target SNR 
(−7 dB, −5 dB, −3 dB, and −1 dB). The levels in SNR were 
chosen based on the findings of previous investigators.[5]

A pilot study was conducted to obtain SNR at which 
50% recognition was present for the phrases. This was 
achieved to minimize the ceiling and the floor effects. 
Ten listeners in the age range of 19 and 26  years 
(mean age of 22 years) were selected. All participants 
had normal hearing sensitivity and their air conduction 
thresholds at octave frequencies from 0.25  kHz to 
8 kHz were <15 dB and had normal middle ear status 
on immittance evaluation as indicated by type “A” 
tympanogram. A total of 335 phrases in the prerecorded 
SNRs (67 × 5 SNRs) were randomized and presented 
binaurally through TDH‑39 headphones at their most 
comfortable level. For the correct recognition of whole 
phrase, a score of “one” mark was assigned. A  score 
of “zero” mark was given if the participant failed to 
recognize the phrase or if they identified one of the 
words in the phrase correctly. The total number of 
correctly recognized phrases in each SNR was calculated 
and converted into a percentage. The results revealed 
that 50% recognition was obtained approximately 
at −5 dB SNR

Experiment‑2
Composition of lists
In each phrase list of SNR, the phrases which have the 
value of ± 1 standard deviation (SD) above the mean 
recognition were eliminated. This was done to have 
uniform list devoid of too easy and too difficult phrases. 
After removal, from the remaining 55 phrases, five lists 
of 10 phrases were made [Appendix]. The remaining five 
phrases were used as familiarity item. In addition, it 
was confirmed that the phrase lists were phonemically 
balanced. An expert in speech analysis was asked to 
do phonetic transcription for the selected 50 phrases. 
The frequency of occurrences of each phoneme was 
noted and then divided by the total number of lists 
to be compiled. That is, frequency distribution of each 
phoneme within the test list was averaged. This was 
done in all the lists to document minimum values and 
maximum values of the respective phoneme. It was 

Figure 1: Depicts long-term average speech spectrum of phrase and 
the phrase spectral-shaped noise
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made sure that total number of occurrence of each 
phoneme was same across the lists. Further, average 
frequency of occurrences of each phoneme was made 
approximately same to that of average phoneme 
frequency distribution of Kannada language. Another 
group of ten normal hearing adults in the age range of 
21–30 years (mean age 22 years) were involved in the 
study to test the lists for equivalency in terms of its 
intelligibility. The five phrase lists were presented to 
each participant at their most comfortable level. The 
adaptive up‑down procedure[12] was used to obtain 50% 
speech recognition threshold in noise (SNR 50) for the 
phrases in each list.

An APEX presentation software (ExpORL, Department 
Neurosciences, KU Leuven, Belgium) was utilized to 
present the phrases. This software was loaded on a 
personal computer. The output of the computer was 
connected to the auxiliary input of the audiometer. 
The output of audiometer was delivered through 
TDH‑39 headphones binaurally at the participants’ 
most comfortable loudness level. An adaptive procedure 
(1 down 1 up) was used to obtain SNR 50. Initially, the 
first phrase was presented at −7 dB SNR (below 50% 
correct identification) and if the participant correctly 
repeated, then the next phrase was presented at the 
same SNR. Again, if a phrase was repeated correctly, 
then the following phrase was presented at a lower SNR 
(phrase level reduced by 2 dB with constant noise level). 
If the phrase was repeated incorrectly, the next phrase 
was presented at a higher SNR (phrase level increased by 
2 dB). After the presentation of 10 phrases, the software 
calculated the SNR‑50 by taking the average of last three 
reversals. This was done in each phrase list.

Phase‑2: To validate the developed Kannada phrase in 
noise test on normal hearing group
Phase‑2 aimed at validating the phrase test developed in 
Phase‑1 on a group of 10 normal hearing participants. 
Phrase recognition scores for each list at  −9  dB 
and  −1  dB SNR were obtained. Further, 50% correct 
phrase recognition score in noise was estimated using 
the adaptive procedure on individuals with normal 
hearing sensitivity. Another set of ten participants with 
normal hearing in the age ranged from 19 to 30 years 
(mean age 22  years) were included in the Phase‑2 
study. The five lists of phrases in each SNR, i.e., −9 dB 
(floor effect) and −1 dB (ceiling effect) were presented 
randomly through TDH‑39 headphone binaurally at 
the individual’s MCL. Then, each participant was asked 
to repeat the phrase heard. For the correct recognition 
of each phrase, a score of “one” mark was assigned and 
for the incorrect recognition of the phrase a mark of 
“zero” was allocated. In addition, on same participants, 

the 50% speech recognition threshold in the presence 
of noise  (SNR 50) for the phrases in each list was 
measured. The procedure to identify SNR 50 was as 
provided earlier.

Results

Phase‑1: Equally intelligible Kannada phrase lists at 
different signal to noise ratios
The recognition scores obtained from 67 phrases 
were plotted against each SNR. In the psychometric 
function, the 50% recognition score was obtained 
approximately at −5 dB SNR. In addition, those phrases 
which are  ±  1 SD value above the mean recognition 
score were eliminated to avoid ceiling and floor effect. 
It was found that seven phrases were above the mean 
and five phrases were below the mean. The 12 phrases 
were eliminated from the total of 67 phrases. With the 
remaining 55 phrases, five lists were made in which each 
list comprised 10 phrases. The leftover five phrases were 
utilized as familiarity item.

Further, to check the lists which were equally intelligible 
in noise, the SNR 50 was identified from each list. The 
mean SNR 50, SD for each list, and average SNR 50 are 
provided in Table 1. From Figure 2, it was found that 
for each list, the mean recognition score decreased with 
lesser SNR than compared to higher SNR. The SNR 50 
across lists varied from −5.36 dB to −5.64 dB, with an SD 
ranging from 0.37 dB to 0.50 dB. The average SNR for the 
five lists was −5.45 dB, with an SD of 0.45 dB. In addition, 
the mean SNR 50 in each list was subtracted from the 
average SNR 50 to see variation in each list from average 
SNR 50 [fourth column of Table 1]. Overall, the SNR 50 
varied across lists from −0.013 dB to 0.19 dB with a SD of 
0.45 dB. To assess whether the mean difference across the 
lists reached significance, a repeated measures analysis of 
variance (r‑ANOVA) was performed. The result revealed 
that there was no significant difference (F [4, 36] = 0.208, 
P = 0.509) across lists.

Table 1: Recognition of scores across phrase 
lists at SNR 50
Lists Mean 

SNR 50 
(dB)

SD Mean SNR 50 of 
each list (dB)−

average SNR 50 (dB)
List 1 −5.57 0.47 0.12
List 2 −5.36 0.50 −0.09
List 3 −5.32 0.43 −0.013
List 4 −5.64 0.37 0.19
List 5 −5.37 0.49 −0.08
Average mean of SNR 50 −5.45 ‑ ‑
Average SD of SNR 50 0.45 ‑ ‑

SNR: Signal to noise ratio; SD: Standard deviation
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Phase‑2: Validation of phrase recognition test in noise 
in Kannada language on normal hearing participants
The Phase‑2 was carried out to validate the Kannada 
phrase lists in −9 dB SNR (floor effect in psychometric 
function) and −1 dB SNR (ceiling effect in psychometric 
function) on ten normal hearing participants. In 
addition, SNR 50 was obtained from same participants. 
The mean recognition score in −9 dB SNR and −1 dB SNR 
and SNR 50 for each list are given in Table 2.

To assess whether the mean differences across the 
lists in each SNR  (i.e., −9  dB SNR and  −1  dB SNR) 
and SNR 50 reached significance, separate repeated 
measures ANOVA were performed. The results revealed 
that there was no significant difference in −9 dB SNR 
(F [4, 36] =0.62, P = 0.651), −1 dB SNR (F [4, 36] = 6.92, 
P = 0.120), and SNR 50 (F  [4, 36] =0.261, P = 0.489) 
across the lists.

Discussion

The aim of the present study was to develop and validate 
a phrase recognition test in noise in Kannada language 

using adaptive procedure. The phrases selected in the 
first phrase were tested for recognition at five different 
SNRs. The phrase recognition at each SNR was used 
to construct psychometric function from which the 
level of intensity at which SNR 50 was derived. To 
have equal intelligibility in the selected phrases, the 
psychometric function and SNR 50 were used to exclude 
the phrases that differed ± 1 SD above the mean SNR 
50. Further, optimization measure was utilized in 
selecting the phrases which includes phrases framed 
were syntactically and semantically correct to preserve 
the naturalness. The grammatical aspects in phrases 
were verified by a linguist. In addition, the most 
familiar phrases were selected and the phrase materials 
were designed to have simple grammatical features to 
minimize the involvement of listeners cognitive and 
linguistics abilities on recognition of phrases. All the 
phrases had two words of 3–4 syllables such that entire 
length of phrases was made nearly equal.

In adaptive speech intelligibility testing such as hearing 
in noise test, threshold of intelligibility is expressed 
in terms of SNR and the masking effect of noise is 
determined by RMS of noise and compared with the 
RMS of speech. Unfortunately, spectral and temporal 
variation of masking noise in relation to speech is more 
likely and there is a chance of error in specified SNR. 
It means, as the SNR varied, the masking effect by a 
noise depends on the relationship of its spectrum to 
that of speaker’s voice. A solution is to prepare noise 
by matching the spectrum of the masker to that of 
long‑term average spectrum of the speaker voice uttered 
in a particular language. Thus, in the present study, noise 
was derived using inverse FFT for the concatenated 
phrases. The LTASS of derived noise was matched with 
that of phrase spectrum [Figure 1]. This was done as the 
spectral and temporal energetic properties of phrase 
spectrum shape noise can have equal intelligibility 
across lists. For assessing intelligibility across lists, 
it is easier to obtain equal intelligibility for complete 
utterance of phrase rather than word present in it. Thus, 
scoring was carried out for the complete utterance of 
the phrase rather than word. In utilizing this method, 
the 50% phrase recognition score was obtained at −5 dB 
SNR. As expected, at low SNR, the phrase recognition 
score was less, whereas, at high SNR, the recognition 
score was high [Figure 2].

Further, to have the equal intelligibility of phrase lists 
in noise, the SNR 50 was established in each phrase list 
and then compared across lists. The results revealed no 
significant difference (P = 0.509) between lists in the 
SNR 50, which indicates that phrase lists are equally 
intelligible. Overall, the SNR 50 varied across lists 

Figure 2: Recognition scores plotted against each signal to noise ratio

Table 2: Recognition of scores across phrase 
lists at−9 dB SNR, −1 dB SNR, and SNR 50
List number Mean recognition scores in Mean 

SNR 50 (dB)−9 dB SNR −1 dB SNR

Mean SD Mean SD Mean SD
List 1 3.05 0.90 9.12 0.69 −5.28 0.49
List 2 2.83 0.82 9.09 0.96 −5.46 0.90
List 3 2.74 0.91 8.53 0.75 −5.12 0.63
List 4 2.79 0.93 8.17 0.56 −5.64 0.87
List 5 2.96 1.09 9.00 0.87 −4.98 0.42
Average mean 2.87 8.78 −5.29
SD 0.12 0.41 0.26

SNR: Signal to noise ratio; SD: Standard deviation
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from −0.013 dB to 0.19 dB with a SD of 0.45 dB. From 
these data, it can be concluded that the SD across lists, 
measured in this way, accounted <0.5 dB difference. This 
low variability is partly caused by the exclusion of the 
phrases, which are differed by ± 1 SD above the mean 
SNR 50. It implies that equalization procedure in the 
present study led to the conclusion that the phrases 
are homogenous. In addition, phonemic transcription 
of phrases was analyzed and its frequency distribution 
of each phoneme in each list was matched with the 
overall frequency of occurrence of each phoneme in 
Kannada language. A trial and error method was used to 
exchange phrases between lists in an effort to match the 
distribution of each phoneme to the overall distribution 
as closely as possible. By doing this, the phrases in each 
list are made phonemically balanced. This implies that 
the variability decreases with the number of phrase lists 
and therefore motivates the use of at least two lists to 
account a high accuracy in SNR 50.

The Phase‑2 of the present study aimed at validating of 
the developed phrase lists in −9 dB SNR, −1 dB SNR, 
and SNR 50. The average SNR 50 for each of the five 
lists was −5.29 dB, which is in agreement with the SNR 
50 obtained from psychoacoustic function of Phase‑1. 
In the present study, the average SD from all the lists 
is ±0.26 dB. It infers that phrase lists are stable. The SD 
of SNR 50 found in the present study shows that the 
phrase lists are homogeneous and equally intelligible 
in the presence of noise. Further, research on the 
validation of developed Kannada phrase lists in clinical 
population is warranted.

Conclusions

The SNR 50 was obtained at −5 dB SNR using adaptive 
method. The material consists of five phrase lists and 
each list has ten phrases. These phrase lists are highly 
homogeneous. The results indicated that the developed 
phrase lists are valid and satisfy all the parameters 
of a good speech identification test. The phrase lists 
developed are useful for assessing listener’s recognition 
ability and hearing aid fitting in clinics.
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Appendix

PHRASE LISTS

Familiarization Phrases:

1.	 e:nu mado:ŋa
2.	 avanubarali
3.	 ho:gaba:rad ̪u
4.	 a:mele band ̪aru
5.	 t ̪umba:d̪uba:ri.

List 1

1.	 Kempugula:bi
2.	 Kappubekku
3.	 o:d ̻uva kud̪ure
4.	 naguvamagu
5.	 lo:t ̻ad̪aol̥age
6.	 bentʃiname:le
7.	 vollejabud ̪d̪i
8.	 dʒo:rumal̥e
9.	 eʃt̥ud̪od̻d̻a̯d̪u
10.	 ʃri:mant̪amanuʃja.

List 2

1.	 put ̻t̻ahud̻uga
2.	 ud ̪d̪ad̪alaŋga
3.	 nint ̪ahud̥ugi
4.	 neged ̪ako: t̪i
5.	 manejahat ̪t̪ira
6.	 ka:rinamund ̪e
7.	 me ̯lud̪vani
8.	 nenneband ̪anu
9.	 mrud ̪uSvabʰa: va
10.	 ud ̪d̪ad̪aha: vu.

List 3

1.	 Sihit ̪ind̻i
2.	 hasiruele
3.	 t ̪innuvahasu
4.	 mutʃtʃid̪aba: gilu
5.	 ba:gilahorage
6.	 d ̪u:rad̪a u: ru
7.	 mëllageha:du
8.	 illigebanni
9.	 d ̪ukʰad̪aviʃaja
10.	 ol ̬legel̥eja.

List 4

1.	 d ̪od̻d̻ana:ji
2.	 Sund ̪arahakki
3.	 nint ̪ani:ru
4.	 od ̥ed̪aga:dʒu
5.	 dabbijakel ̥age
6.	 go:dejahind ̪e
7.	 tumba: hasivu
8.	 t ̪a̩kʃaɳahoradu
9.	 hal ̥ejaka:ru
10.	 t ̪ampupa:nija.

List 5

1.	 d ̪od̻d̻a a:ne
2.	 tʃikka mane
3.	 o:d ̪id̪a vidjart ̪ʰi
4.	 t ̪ered̪akit̻aki
5.	 an ̩gadipakka
6.	 akkanadʒot̪ege
7.	 I:ga band ̪ru
8.	 na:leradʒa
9.	 kʰa:lit̪at̬t̬e
10.	 hosabat ̥t̥e.
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