
42

J Hear Sci, 2021; 11(4): 42–47
DOI: 10.17430/JHS.2021.11.4.5
CC BY-NC-ND 3.0 PL

Contributions:
A	 Study design/planning
B	 Data collection/entry
C	 Data analysis/statistics
D	Data interpretation
E	 Preparation of manuscript
F	 Literature analysis/search
G	Funds collection

ISSN: 2083-389X, 
eISSN: 2084-3127

DEVELOPMENT, STANDARDIZATION, AND 
VALIDATION OF BISYLLABIC PHONEMICALLY 
BALANCED TAMIL WORD TEST IN QUIET 
AND NOISE
Geetha ChinnarajA-E,G, Devi NeelamegarajanA,D-E, 
Udhayakumar RaviroseB-F

Department of Audiology, All India Institute of Speech and Hearing, Mysuru, India

Corresponding author: Geetha Chinnaraj; Department of Audiology, All India 
Institute of Speech and Hearing, Managangothri, 570006, Mysuru, India; 
email: geethamysore.cs@gmail.com

Abstract

Background: The present study aimed to develop and standardize a phonemically balanced bisyllabic word test in Tamil for adult listeners.

Material and methods: In total, 1015 bisyllabic Tamil words were collected from different sources; 20 Tamil speakers rated the words for famil-
iarity and 5 experts validated the content. Based on the familiarity rating and content validation, 760 words were shortlisted for phonemic 
balancing. Then 25 phonemically-balanced lists were prepared with 25 words in each. The prepared lists were presented to 100 normal-hearing 
listeners at 40 dB SL in quiet, and 30 listeners in noise at −5 dB SNR for the standardization process. The lists were also presented at different 
sensation levels (SLs) in quiet to 30 listeners to obtain a psychometric function.

Results: The mean speech identification scores (SISs) in adults was 99.8% in quiet. The results revealed no significant difference in SIS across 
the 25 word lists, indicative of list equivalency. The scores increased as the level increased from 10 to 40 dB SL for all the lists, suggesting 
homogeneity in difficulty and audibility. However, in noise, only 23 lists were equivalent to each other.

Conclusions: All the test lists can be utilized for testing during audiological evaluation in quiet, and 23 word lists are useful in noise.
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OPRACOWANIE, STANDARYZACJA I WALIDACJA DWUSYLABOWEGO, 
FONEMATYCZNIE ZRÓWNOWAŻONEGO TAMILSKIEGO TESTU SŁOWNEGO 
W CISZY I W SZUMIE

Streszczenie

Wprowadzenie: Celem badania było opracowanie i standaryzacja fonematycznie zrównoważonego testu słów dwusylabowych w języku tamil-
skim przeznaczonego dla dorosłych. 

Materiał i metody: Z różnych źródeł zebrano w sumie 1015 tamilskich słów dwusylabowych; 20 osób posługujących się tamilskim jako 
pierwszym językiem oceniło je pod względem znajomości, a 5 ekspertów dokonało walidacji treści. Na podstawie oceny znajomości i wali-
dacji treści sporządzono krótką listę 760 słów do zrównoważenia fonematycznego. Następnie opracowano 25 fonematycznie zrównoważonych 
list, każda po 25 słów. Przygotowane listy były prezentowane 100 osobom z normalnym słuchem, na poziomie głośności 40 dB SL w ciszy, 
oraz 30 osobom w szumie przy −5 dB SNR w celu przeprowadzenia standaryzacji. Listy były także prezentowane 30 osobom na różnych pozio-
mach głośności (SL) w ciszy celem uzyskania funkcji psychometrycznej.

Wyniki: Średni wynik identyfikacji mowy (SIS) u dorosłych wyniósł 99,8% w ciszy. Nie zaobserwowano znaczącej różnicy SIS pomiędzy 25 listami 
słów, co świadczy o ich równoważności. Wynik testu był wyższy, gdy podniesiono poziom głośności z 10 do 40 dB SL dla wszystkich 
list, co świadczy o ich jednorodności pod względem poziomu trudności i słyszalności. Jednak w szumie tylko 23 listy okazały się równoważne. 

Wnioski: Wszystkie opracowane listy słów mogą być stosowane do testów podczas oceny audiologicznej w warunkach ciszy, a 23 listy 
słów są także użyteczne w szumie. 

Słowa kluczowe: • język tamilski • percepcja mowy • zrównoważenie fonematyczne • lista słów

Introduction

Speech audiometry is a collection of behavioral hearing 
assessment procedures that use speech stimuli, making it 
an essential test in the audiological assessment battery [1]. 
One of the tests in speech audiometry is establishing speech 
identification scores (SISs). The SIS reflects an individu-
al’s ability to identify speech at supra-threshold levels and 

can help in differential diagnosis and selection of ampli-
fication devices [2].

The first few materials developed for obtaining SIS were 
PAL PB-50 word list [3], CID W-22 test, and NU-6 test 
[4], all of which were in English. Later, speech audiome-
try materials were developed in different languages such 
as Russian [5] and Spanish [6]. All the above studies make 
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use of monosyllabic words. Although monosyllabic words 
form common test materials, the test can involve bisylla-
bles and trisyllables, depending on the linguistic structure 
of the language [7].

India is a multicultural and multilingual country with a diverse 
population. Therefore, it is not feasible to have a single stan-
dard test for all the languages of the country. The researchers 
have recognized the need to develop test materials in several 
Indian languages. Tamil is a common language in Tamil Nadu 
and Puducherry, and is the fifth most spoken language in 
India. The first speech audiometry test in Tamil was devel-
oped by Dayalan [8]. The test consists of Tamil phonemi-
cally balanced (PB) and spondee word lists for adult listeners. 
Although this test is most commonly used, the material has 
not been validated on individuals with hearing impairment. 
Moreover, Dayalan [8] utilized monosyllables for constructing 
the word lists. The number of familiar monosyllabic words 
with consonant endings is low in Tamil. In addition, some 
of the words in the lists are not in everyday use and hence 
unfamiliar to listeners (e.g. /pi:r/, /su:l/, /sa:r/, /ja:n/, /ʋa:r/) 
and thus will affect the accuracy of the test [9]. The word 
lists also contain some borrowed words (e.g. /bus, /ha:l/, /
tin/) and colloquial words (e.g. /pe:i/, /de:i/).

To overcome a few shortcomings of the word list created 
by Dayalan [8], Kapur [10] developed a list of disyllabic 
words and Mahima [11] developed PB bisyllabic word 
lists. The test consists of four lists of phonemically bal-
anced word lists in CVCV combination in Tamil and ran-
domized these lists to make 8 lists. However, randomiz-
ing the lists without considering homogeneity of audibility 
reduces the validity. Apart from the lists mentioned above 
in Tamil, for adult listeners, a high-frequency speech iden-
tification test has also been developed [12].

The available tests in Tamil have only a few sets of word 
lists. Several applications of speech identification assess-
ment mandate the use of many word lists. For example, 
during routine hearing aid fitting, to avoid practice effect 
two or more hearing aid models with different settings 
need to be assessed using separate word lists in each con-
dition. Similarly, research studies with many variables and 
test conditions also require multiple word lists. For exam-
ple, Geetha [13] required 24 different conditions for both 
ears. Hence, the present study aimed to develop 25 equiv-
alent and homogenous bisyllablic word lists for adult lis-
teners in quiet. Monosyllables are the minimum meaning-
ful unit of a language and are non-redundant, but Tamil is 
both a vowel and consonant ending language and mono-syl-
labic words with vowel ending are sparse in Tamil. There-
fore this study used bisyllabic words. The study also aimed 
to validate the developed lists in the presence of noise, as 
list equivalency is not the same in noise as in quiet [14].

Method

Phase I: Development of phonemically balanced 
word lists in Tamil

Collection of words

Initially, a pool of 1015 bisyllabic words were collected. 
These words were collected from various sources including 

newspapers, magazines, textbooks, novels, storybooks, 
and a dictionary. Proper nouns or words with cultural dif-
ferences were not included.

Familiarity rating

The collected pool of words underwent familiarity rat-
ing by 20 native Tamil speakers from different socio-eco-
nomic statuses and education levels. The words were rated 
using a 5-point rating scale: 5, Most familiar (words are 
well known and often used in conversation); 4, Moderately 
familiar; 3, Somewhat familiar; 2, Slightly familiar; and 1, 
Unknown (words never heard). A total of 930 words with 
average ratings of 3 to 5 were considered for the next step.

Content validation

Content validation of the selected words was carried out 
using the scale developed by Shi et al. [15] by five experts 
working in the field. The experts checked if those words 
met the criteria regarding absence of emotional, cultural, 
or religious overlay. At the end of this process, 170 were 
considered unsuitable and hence excluded. This left a total 
of 760 words for preparing word lists.

Preparation of phonemically balanced words

Out of the 760 words, 625 words were utilised to construct 
25 lists of 25 words each. The completed word lists were 
phonemically balanced to match the frequency of occur-
rence of phonemes in Tamil. The phonemic balancing was 
performed based on the data on frequency of occurrence 
of phonemes in Tamil [16].

Recording

The constructed word lists were recorded in an acousti-
cally treated room using a personal laptop loaded with 
Adobe Audition version 3.0 software connected to a con-
denser microphone. Seven Tamil speakers spoke a sample 
of 50 words. The recorded sample words were presented 
to five experts in audiology and five Tamil speakers. They 
rated the recorded words in terms of naturalness, clar-
ity, pronunciation, and pleasantness on a 4-point rating 
scale with 0 being poor and 3 the best. A female speaker 
with the maximum rating was chosen for the final word 
list recording. The recorded waveforms were digitized 
with a 16-bit A/D converter at a sampling rate of 44.1 kHz. 
Each recorded word was normalized to 0 dB using Adobe 
Audition to give the same RMS power. A calibration tone 
of 1000 Hz was generated, normalized to 0 dB, and added 
at the beginning of each word list.

Preparation of word lists in noise

To standardize the word lists in noise, a pilot study was 
done to find out the SNR at which 50% scores could be 
obtained. For the pilot study, the recorded word lists were 
mixed with speech spectrum noise at −7, −5, −3, 0 and +3 dB 
SNR using a Matlab (version 7.8.0.347) code. The prepared 
stimuli were presented to 25 individuals (5 listeners for each 
SNR), and the SNR at which 50% scores were obtained was 
traced. SNR representing 50% of the scores was obtained at 
−5 dB SNR level. Hence in the second phase, the word lists 
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were presented at −5 dB SNR to validate in the presence 
of noise. The noise was generated by extracting the long-
term averaged speech spectrum (LTASS) of all the words 
using a Matlab code generated by Nike [17].

Phase II: Standardization of word lists

Participants

The recorded word lists were presented in quiet on 100 nor-
mal-hearing individuals who were native Tamil speakers 
aged 18 to 50 years (mean = 29.5; SD = 8.2), after a routine 
audiological evaluation. A calibrated dual-channel audi-
ometer was utilized for routine audiological evaluation. 
All the participants had hearing thresholds within 15 dB 
in both ears and had normal middle ears.

Administration of developed word lists

In total, 100 participants listened to 25 lists in quiet at 
40 dB SL (ref: PTA). The words were routed through 
the calibrated audiometer and delivered through Sen-
heisser HDA-200 headphones. The participants repeated 
each word and every correct response was given a score 
of 1 or a score of 0 was given for incorrect responses or 
failure to repeat the words. To obtain a psychometric func-
tion across intensity levels (PI–PB), the word lists were 
presented at 0, 10, 20, and 30 dB SL to a group of 30 (out 
of the 100) normal-hearing individuals. The order of pre-
sentation of word lists was randomized to avoid an order 
effect. The word list was presented at 0 dB SL and then at 
10 dB SL in the first session, and then testing was done 
again at 20 and 30 dB SL after a break of 5 days to avoid 
practice effect. To assess test–retest reliability, 10% of the 
participants were tested again with all the 25 word lists. 
Another 30 individuals selected randomly from the first 
group of 100 listened to the word lists at −5 dB SNR to 
standardize the test in noise.

Analysis

	 The data were tabulated and analysed in Statistical Pack-
age for the Social Sciences (SPSS) v. 21. A Shapiro–Wilks 
test of normality revealed that the data were not normally 
distributed. Hence, non-parametric statistics (Friedman 
test) was carried out. Cronbach’s alpha measures were used 
to assess the homogeneity and the intra-class correlation 
coefficient. Cronbach’s alpha measures were also used to 
assess test–retest reliability.

Results

Standardization of the developed word lists and 
assessing consistency

For standardization of the 25 developed word lists, the 
SIS was obtained at 40 dB SL (re: hearing threshold) on 
100 normal-hearing individuals. The number of correctly 
identified words (hereafter referred to as SIS) for each list 
was calculated. The mean and SD of the SIS at 40 dB SL 
are given in Table 1.

The grand mean average across the lists was 99.77%. It 
can be seen in Table 1 that the mean number of correctly 

repeated words ranged between 24.93 to 24.99. A Fried-
man test was carried out to see whether there was a signif-
icant difference in the SIS across 25 words lists. The results 
revealed no significant difference (χ2 = 28.527, p > 0.05) 
across the 25 word lists, indicating list equivalency.

Then 10 out of 100 individuals were tested again with all 
the word lists to assess the test–retest reliability. The data 
were statistically compared using Cronbach’s alpha to 
check reliability. Cronbach’s alpha of 0.86 was obtained, 
which denotes that the developed lists have high test–
retest reliability.

Assessment of PI–PB function

A psychometric function was drawn using a PI–PB test to 
assess homogeneity in terms of difficulty level across dif-
ferent lists on 30 individuals at 0, 10, 20, 30, and 40 dB SL 
(Figure 1). Figure 1 shows a gradual increase in SIS with 
increase in intensity, with a poor score of 0 to 4% at 0 dB 
SL and 100% scores above 30 dB SL. The same trend was 
followed by all the lists.

Table 1. Mean and SD of speech identification scores for 
25 lists at 40 dB SL obtained on individuals with normal 
hearing sensitivity

Lists Mean SD

L1 24.96 0.19

L2 24.93 0.25

L3 24.96 0.19

L4 24.95 0.19

L5 24.98 0.14

L6 24.98 0.14

L7 24.95 0.26

L8 24.97 0.17

L9 24.98 0.14

L10 24.94 0.23

L11 24.97 0.17

L12 24.97 0.17

L13 24.99 0.10

L14 24.95 0.26

L15 24.98 0.14

L16 24.96 0.19

L17 24.96 0.19

L18 24.94 0.23

L19 24.96 0.19

L20 24.94 0.23

L21 24.98 0.14

L22 24.94 0.23

L23 24.99 0.10

L24 24.99 0.10

L25 24.99 0.10

Note: Maximum possible score = 25; L = List
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Homogeneity of audibility was also measured using Cron-
bach’s alpha test. McGraw and Wong [18] reported that 
the measure of Cronbachs alpha value using intra-class 
coefficient at the 50% and 100% performance level pro-
vide information on the homogeneity of the word lists 
in terms of audibility. In the present study, 50% score 
was obtained at 10 dB SL and a ceiling was observed at 
40 dB SL. Hence, the SIS at these two levels was employed 
for homogeneity assessment using Cronbach’s alpha. 
The results revealed that all the word lists were in strong 
agreement in terms of audibility at 10 dB SL (α = 0.984) 
and at 40 dB SL (α = 0.987).

Validation of the word test in noise

The mean and standard deviation of SIS obtained in 
noise is given in Figure 2. A Friedman test was done 
to compare SIS across different word lists. Results 

revealed a significant difference in performance across 
the lists [χ2(24) = 39.338, p < 0.05].

The results of the pair-wise comparison using Wilcoxon 
signed-rank test revealed that lists 14 and 25 had signif-
icantly different scores from many other lists (given in 
Table 2) whereas list 20 was significantly different from one 
list. Lists 5 and 19 were significantly different from two other  
lists, and list 8 was significantly different from three 
other lists. However, the analysis of the effect size (ηp2) 
revealed that ηp2 varied between 0.36 to 0.43 for lists 5, 8, 
19, and 20, which represents only a small effect size. Hence, 
lists 5, 8, and 19 can be considered equivalent.

Discussion

The present study aimed to develop 25 PB word lists in 
Tamil and standardize them in normal-hearing individ-
uals. Results showed that the overall mean combining all 
the 25 word lists was 99.8%. These scores are compara-
ble with that obtained for word lists developed by Man-
jula et al. [19] and Mahima [11], who reported a mean 
score of 98% for Kannada PB word lists and PB words lists 
developed in Tamil, respectively. Ullrich and Grimm [20] 
administered NU-6 word lists in normal-hearing indi-
viduals and reported a score of 99.7%. Beattic et al. [21] 
obtained a score of approximately 95% at 32 dB SL using 
CID W-22 and NU-6 test materials. The reason for such 
high scores at MCL in normal-hearing individuals is the 
intact auditory system and attention. Hence, above the 
most comfortable listening level, almost all normal-hear-
ing individuals achieve a 100% score [22].

It is very important that consistency assessment is done, as 
it guarantees that the SIS is comparable irrespective of the 
list used. In the current study, the mean SIS across the lists 
was statistically comparable and hence they can be used 
interchangeably across different test conditions.
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A psychometric equivalency of the lists was also assessed 
across different intensities. The sigmoid curves were coin-
cident for all the lists, suggesting homogeneity of the word 
lists. At 10 dB SL, the score was 50.56%. With increase in 
intensity, the scores improved and reached a ceiling above 
30 dB SL. Manjula et al. [19] and Mahima [11] also obtained 
approximately 50% scores at 10 dB SL and observed a pla-
teau after 30 dB SL.

Even though the PI–PB function curve acts as a measure 
to assess the list equivalency of a developed test list, assess-
ment of homogeneity in terms of audibility will strengthen 
the consistency of the developed word lists [7]. Hence, in 
the present study the homogeneity of audibility was ensured 
statistically using Cronbach’s alpha measures. Alisapu-
tri [7] measured SIS at two dial settings (15 dB and 40 dB 
SL) in the Malay language. The homogeneity of audibil-
ity of Malay PB word lists was assessed using Cronbach’s 
alpha, and the results revealed a high alpha value of 0.81. 
The results of the study current study are in agreement 
with that of Alisaputri [7].

Many audiological applications, including hearing aid fit-
ting and research studies, require the SIS be done in the 
presence of noise. Therefore, it was essential to validate 
the developed word test in the presence of noise. The SIS 
using 25 word lists in noise was obtained at −5 dB SNR on 
30 normal-hearing individuals. The results revealed no sig-
nificant differences for 19 lists. Although lists 5, 8, 19, and 
20 were significantly different from a few other lists, there 
was a small effect size, and hence these lists were retained. 
However, lists 14 and 25 were found to have significantly 
different scores from many other lists, hence, these two lists 
cannot be used while testing in the presence of noise. After 
removing lists 14 and 20, the mean SIS at −5 dB SNR was 
11.33 (45.3%). Manjula [19] also obtained similar results 
for their word lists, that is, 46.0% at −3 dB SNR. In compar-
ison, the 50% mark is at 1 dB SNR for the lists CID W-22, 
NU-6, and W-1 spondaic words [23]. The performance in 
the current study is slightly better than that obtained by 
Wilson et al. [23]. The reason for this difference could be 
because the former study included monosyllables, which 
are more difficult to perceive than bisyllables.

Conclusions

The 25 PB word lists developed in Tamil were found to be 
useful to assess SIS in quiet, and the lists are interchange-
able during the course of testing, as there is homogene-
ity between the lists in terms of difficulty and audibility. 
There are 23 word lists (omitting 14 and 25) that can be 
used for speech audiometry tests in the presence of noise.
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