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ABSTRACT 

The present study aimed to develop and standardise multiple phonemically balanced 

(PB) word lists in Malayalam for adults to support speech identification testing in quiet and 

noise. The study was carried out due to the limited availability of standardised Malayalam PB 

word lists and the increasing clinical need for multiple equivalent word lists to obtain speech 

identification scores (SIS) for repeated assessment, hearing aid evaluation, and research 

purposes. A total of 1000 bisyllabic Malayalam words were initially collected from various 

linguistic sources. The collected words were subjected to familiarity ratings and content 

validation, after which highly familiar and socio-culturally appropriate words were organised 

into six phonemically balanced word lists, each consisting of 25 words. The developed word 

lists were recorded in an acoustically treated environment and analysed using spectral 

centroid estimation. Spectro-temporally matched noise was generated using spectral inversion 

techniques, after which pilot testing was conducted to determine the global Signal-to-Noise 

Ratio required to obtain 50% SIS (SNR-50). The finalised word lists were administered to 40 

native Malayalam-speaking adults with normal hearing sensitivity in quiet and at different 

SNRs to assess list equivalency, homogeneity, psychometric characteristics, and Performance 

Intensity function for PB words (PI-PB)  across different sensation levels. SIS were obtained 

across listening conditions and analysed using appropriate statistical methods. The findings 

revealed no significant difference in SIS obtained using the developed word lists, indicating 

good equivalency and homogeneity in listening difficulty. The psychometric functions 

demonstrated improved SIS with increasing sensation level and reduced performance under 

adverse noise conditions. Further, the developed word list exhibited good test-retest and inter-

judge reliability, suggesting its potential usefulness in routine speech audiometry, hearing aid 

evaluation, and the evaluation of outcomes of amplification devices such as hearing aids, 
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cochlear implants, and FM systems, as well as in research applications requiring multiple 

equivalent lists.  

Keywords: SIS, word lists, Malayalam, phonemic balancing, Speech Perception, speech 

audiometry, psychometric
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CHAPTER 1 

INTRODUCTION 

Speech perception plays a crucial role in daily life. For children, the ability to hear and 

understand speech is essential for language development, whereas for adults, it is important for 

effective communication in everyday activities. Hearing loss adversely affects speech 

perception, making it difficult to understand speech. Thus, the primary goal of the management 

and rehabilitation of an individual with hearing impairment is to improve speech perception. 

Speech perception testing plays an important role in evaluating an individual’s listening (Noor 

& Arif, 2018). 

 Speech audiometry assesses sensitivity to speech and clarity when speech stimuli are 

presented (Katz et al., 2015).  It is a fundamental tool in audiologic evaluation because it uses 

speech stimuli to measure hearing thresholds, assess speech intelligibility, evaluate hearing aid 

performance, and aid in the diagnosis of peripheral and central auditory disorders (Jerger et al., 

1968). It also provides additional information to pure-tone testing by evaluating an individual's 

ability to recognise and discriminate speech sounds (Sargsyan & Rahne, 2021). The first 

speech audiometer was the Western Electric 4A, introduced in the 1920s, and was used for 

hearing screening (Hudgins et al., 1947). 

Two basic speech tests include speech detection and speech identification /recognition. 

Speech detection threshold (SDT) is the lowest level of intensity at which an individual can 

detect the presence of speech stimuli. The speech recognition threshold (SRT) is the lowest 

level of intensity at which an individual can understand speech stimuli presented at least 50% 

of the time. In addition, the speech identification score (SIS) is a speech intelligibility test at 

the supra-threshold level. It is determined by the percentage of words correctly repeated from a 

list of phonemically balanced (PB) test words (Gelfand, 2009).  



2 
 

Different types of speech materials are used to assess speech recognition ability, 

which include sentences, nonsense syllables, and monosyllabic words (Ma et al., 2013). 

Studies have shown that among these, nonsense syllables are the most difficult for an 

individual to recognise, while sentences are the easiest (Martin & Clark, 2009). Recognition 

of monosyllabic words falls between nonsense syllables and sentences on the difficulty scale. 

Despite this, monosyllabic words remain the most commonly used material in clinical 

assessment.  Due to a lack of contextual cues, nonsense syllables may yield better phonemic 

error identification, but they have poor content validity (Egan, 1948; Mendel & Danhauer, 

1997). Even though sentences that represent everyday conversation have higher content 

validity, they are highly influenced by contextual cues, resulting in poor test reliability (Egan, 

1948). McArdle and Wilson (2008) noted that using isolated words in assessment may yield a 

balanced representation of everyday communication and will reduce the influence of 

contextual and syntactic cues.  

Speech audiometry uses standardised materials in a person’s native language to assess 

the ability to perceive and understand linguistic stimuli (Vainutienė et al., 2024). Using 

controlled phonemic combinations, nonsense syllables or nonsense words, materials have 

been developed and are used in speech perception tests (Cheoy et al., 2021; Trimmis et al., 

2012). In addition, monosyllabic words are utilised to evaluate word recognition, and these 

materials are constructed to be familiar to the listener and phonemically balanced (Han et al., 

2009; Nissen et al., 2011). Dissyllabic words are also used in speech audiometry and are 

selected based on factors such as familiarity, phonemic representation, phonetic dissimilarity, 

and homogeneity of audibility (Harris et al., 2017; Noor & Arif, 2018; Wang et al., 2007). 

Sentence recognition is assessed using sentence materials, and the test items consist of groups 

of sentences with a fixed number of words and are phonetically balanced (Niemeyer, 1965). 
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Moreover, sentence materials have been developed and tested in various listening conditions, 

such as quiet and noise (Uslar et al., 2013). 

 1.1 Need for the Study  

India's cultural and linguistic diversity make it impossible to use single assessment 

material for evaluating speech perception ability across all languages. Alusi et al. (1974) 

reported that the language used for testing is important when speech is used as a stimulus. 

Therefore, there is a need to develop material for individual languages. 

Several attempts have been made to develop various speech audiometry materials in 

Indian languages, such as Indian English (Swarnalatha & Rathna, 1972), Hindi (De, 1973), 

Kannada (Yathiraj & Vijayalakshmi, 2005), Tamil (Dayalan, 1976), Telugu (Rathna Kumar & 

Mohanty, 2012), and Malayalam (Kapur, 1971). To overcome the drawbacks of earlier 

developed materials, some researchers have revised or developed new speech audiometry 

materials across various languages (Manjula et al., 2018; Dias et al., 2015; Sreedhar et al., 

2005).  

Lehiste and Peterson (1959) noted some of the limitations of already existing word 

lists, such as containing unfamiliar words, a lack of validity on clinical populations, and the 

use of test items in noise conditions, a smaller number of test items to assess various 

conditions, and the effect of dialect variations is neglected.   

Malayalam is a Dravidian language, spoken by 38 million people in Kerala and the 

union territories of Pondicherry and Lakshadweep (Narne et al., 2024). Kacker and Basavaraj 

(1990) developed speech materials for speech recognition threshold (SRT) and speech 

identification score (SIS) in Malayalam, comprising two phonemically balanced word lists of 

30 bisyllabic words. However, they were restricted to phonemic balancing, and psychometric 

functions to assess the equivalence of the lists were not developed (Narne et al., 2024). 

Carhart (1951) reported that to obtain precise test results, speech audiometry materials should 

be validated in an experimental setting with a test population. The development of the first 
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Malayalam word list dates back to the late 1970s, as reported by Kapur. This word list 

comprises a single phonetically balanced list of 25 bisyllabic Malayalam words. Hence, there 

is a need for developing phonemically balanced (PB) word lists that are linguistically and 

culturally appropriate for Malayalam speakers.   

Monosyllabic words are commonly used to evaluate speech identification scores, but 

in South Indian languages, familiar monosyllabic words are significantly less common. 

Therefore, Kumar and Mohanty (2012) used bisyllables in their Telugu PB word lists.  Also, 

when the number of syllables in a word increases, the likelihood of the word being heard 

correctly increases due to contextual cues in both normal and hearing-impaired individuals 

(Narne et al., 2024).  

The now-available Malayalam word lists were developed by Kacker and Basavaraj 

(1990). Multiple lists are required in clinical settings and for research purposes. The clinical 

application of multiple SIS test lists is essential for tasks requiring repeated, reliable 

assessment without the confounding variable of practice effects.  Its requirements in clinical 

settings include monitoring rehabilitation progress over time, testing different hearing aids 

during selection and fine-tuning, and evaluating performance-intensity functions for 

phonetically-balanced (PI-PB) words in cochlear and retrocochlear pathology cases. 

Similarly, for research purposes, it is important to have multiple equivalent word lists to meet 

methodological requirements, such as assessing the PI-PB function under various signal-

processing conditions, administering multiple SIS assessments to evaluate the efficacy of 

advanced hearing aid features, and comparing with newly developed tools to assess speech 

perception. 

Tillman and Carhart (1963) suggested that it is crucial that the same list not be used 

more than once for an individual, as memory and practice effects may interfere with scores. 

In addition, Dillon and Ching (1995) also suggested multiple lists because, if one uses 

equivalent lists, any item will be presented only once during the entire evaluation process. 
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The test's flexibility can be improved by increasing the number of equivalent lists. To 

overcome the practice effect, a good speech test should have a larger number of phonemically 

balanced word lists.  

Hence, the present study aims to develop multiple word lists with familiar words used 

in everyday contexts. During speech identification score evaluation, at least two lists are 

required to assess performance in the right and left ears. Similarly, during hearing aid fitting, 

for the evaluation of unaided and aided performance, a minimum of two lists is required for 

each ear. Likewise, in a research setting, at least three lists are needed to assess PI-PB 

function in each ear. For these reasons, there is a need for multiple word lists. This study 

intends to develop PB word lists using bi-syllabic words. The developed word lists will be 

standardised for adults with normal hearing sensitivity. 

1.2 Aim of the Study  

The present study aims to develop and standardise multiple sets of phonemically 

balanced bi-syllabic word lists for evaluating speech identification score in adults with 

normal hearing sensitivity, and to assess the clinical utility of the developed word lists. 

1.3 Objectives of the Study  

1. To develop multiple Phonemically Balanced word lists in Malayalam for adults. 

2. To standardise and assess the consistency of speech identification scores among 

different word lists in adults with normal hearing sensitivity. 

3. To assess the homogeneity of audibility.  
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CHAPTER 2 

REVIEW OF LITERATURE 

Phonemically balanced (PB) word lists are an essential component of speech 

audiometry, which ensures that the distribution of phonemes in the test materials represents 

their natural occurrence in everyday speech. These lists enable accurate assessment of speech 

perception through representing the phonological structure of a language (Vainutienė et al., 

2024). Careful consideration should be given to factors such as phoneme frequency, word 

familiarity, and phonemic composition when developing PB word lists. Words are generally 

taken from commonly used sources and further filtered through familiarity ratings, while 

equivalence and homogeneity across lists are preserved to allow different lists to be used 

interchangeably without affecting test results (Manjula et al., 2015; Chinnaraj et al., 2022). 

Additionally, facilitating homogeneity among test items through psychometric methods 

enhances the sensitivity, reliability, and clinical applicability of the speech materials (Ji et al., 

2011). 

Lehiste and Peterson (1959) stated that achieving perfect phonetic balance is not 

feasible because speech sounds vary in their acoustic characteristics across contexts. 

Therefore, phonemic balancing is used to represent the natural distribution of speech sounds. 

Nevertheless, achieving an exact balance is often difficult due to practical limitations, and an 

approximate approach is commonly employed. Regardless of these constraints, PB word lists 

provide a reliable measure of speech perception and accurately reflect natural communication 

(Ji et al., 2011). 

Testing an individual in their native language is preferred; otherwise, it may yield an 

inaccurate result, as unfamiliar or meaningless words may lead to a low score.  Hence, if test 

materials are available in the native language of an individual, speech tests should be 

administered in that language (Lehiste & Peterson, 1959). Carhart (1951) claimed that it is 
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important to have standardized test material in every language in an experimental setting.   

2.1 Various Test Materials for Speech Identification in the English Language 

The early development of speech audiometry was largely influenced by studies focused 

on articulation testing and speech intelligibility measurement. Egan (1948) described 

articulation testing as a method to evaluate speech communication by measuring the percentage 

of correctly identified speech units such as syllables, words, or sentences, emphasising that 

intelligibility is influenced by multiple factors, including noise and transmission conditions. 

These articulation tests laid the foundation for quantifying speech perception abilities. 

 Subsequently, Hudgins et al. (1947) proposed important criteria for the development of 

speech test materials. They emphasised the importance of familiarity, phonetic dissimilarity, 

normal speech-sound sampling, and homogeneity to ensure accurate speech-perception 

evaluation. Their work also introduced structured recorded tests for assessing hearing loss 

using speech stimuli. Based on these, Hirsh et al. (1952) introduced standardised materials, 

such as spondee words and phonemically balanced (PB) word lists, for evaluating speech 

intelligibility. These studies contributed to the growth of speech audiometry by providing 

methods for intelligibility measurement and criteria for test construction, which led to the 

development of early phonemically balanced word lists used in clinical practice. 

Speech audiometry is based on fundamental principles that emphasise the measurement 

of hearing using meaningful and standardised speech stimuli. Carhart (1951) described speech 

audiometry as a technique in which standardised samples of language are presented through a 

calibrated system to assess specific aspects of hearing ability, highlighting that proper 

standardization and calibration are essential for obtaining reliable clinical results. A key 

theoretical concept underlying speech audiometry is the articulation function, which describes 

the relationship between speech intensity and the percentage of correctly identified speech 

items, typically forming an S-shaped curve that reflects increasing intelligibility with 
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increasing intensity. Furthermore, Carhart emphasised that speech tests must be developed 

separately for each language due to phonetic, intonational, and linguistic differences, making 

universal application of a single test inappropriate.  

Expanding on the concept of intelligibility, Lehiste and Peterson (1959) defined 

intelligibility as a property of meaningful speech communication, stating that only meaningful 

linguistic units, such as words, carry intelligibility, whereas isolated sounds or nonsense 

syllables lack true communicative value. They also highlighted that intelligibility is influenced 

by factors such as dialect, listener familiarity, and phoneme distribution, and emphasised the 

importance of phonemically balanced materials that reflect natural language patterns. Together, 

these principles form the theoretical basis for speech audiometry and guide the development of 

reliable, clinically valid speech test materials. 

            The first monosyllabic word material was developed by Egan in 1948, known as the 

“PB 50 test”, which contains 25 lists of 50 words. Later, in 1952, Hirsh et al. modified the “PB 

50-word list” into the CID W-22-word list, which consisted of four lists of 50 familiar words. 

Lehiste and Peterson (1959) gave 10 lists of 50 phonemically balanced words. Later, 

Tillman and Carhart (1966) developed the Northwestern University Auditory Test No. 6 (NU-

6), which controlled for phonemic equivalency and equal word familiarity. There were four 

equivalent lists, each containing 50 words. In 1929, sentence-level tests were developed by 

Fletcher and Steinberg at Bell Laboratories. Silverman and Hirsh (1955) developed the CID 

everyday sentences, consisting of 10 lists of 10 sentences each, with 50 keywords per list. 

          The speech perception in noise test, which contains eight lists of 50 sentences each, was 

developed by Kalikow, Stevens, and Elliot (1977). There were also high-quality recordings of 

SRT and SIS materials in a variety of languages other than English, including Spanish 

(Christensen, 1995), Italian (Greer, 1997), Japanese (Mangum, 2005), French (Nelson, 2004), 

and several Indian languages.  
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2.2 Speech Identification Tests Developed in India  

India is a multilingual country, so it is crucial to develop and standardise language-

specific material, as the language of the speaker and listener will influence the speech 

intelligibility. Various speech materials have been developed in Indian languages. Some of 

them are listed in Table 2.1 

Table 2.1 

Speech Identification Word Materials Developed in Various Indian Languages 

Language Author Stimuli used 
Number of 

wordlists 

English (for Indians) Swarnalatha (1972). Bisyllabic words 2 lists 

Hindi De (1973). Monosyllabic words 6 lists 

Tamil Samuel (1976). Monosyllabic words 2 lists 

Menon and 

Thangaraj (2024) 

Bisyllabic words 4 lists 

Chinnaraj et al. 

(2022) 

Bisyllabic words. 25 lists 

Manipuri 

 

Devi (1985) Multisyllabic words 4 lists 

Kannada Yathiraj and 

Vijayalakshmi 

(2005) 

Bisyllabic words 8 lists 

Manjula et al. (2015) Bisyllabic words 21 lists 

Bengali 

 

Ghosh (1988) Multisyllabic words 3 lists 

Telugu Sreedhar et al. 

(2005) 

Paired bisyllabic words 1 list 

Marathi  Rathna Kumar et al. 

(2016) 

Bisyllabic words 

 

4 lists 

Malayalam Kapur (1971) Bisyllabic words 1 list 

 

2.3 Variables to be Considered for the Development of Speech Materials   
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Hudgins et al. (1947) described fundamental criteria for selecting while developing 

material for speech audiometry. These criteria include: 

● Item Familiarity.  

● Phonetic dissimilarity.  

● Normal sampling of speech sounds.  

● Homogeneity with respect to basic audibility. 

2.3.1 Item Familiarity  

 Hudgins et al. (1947) emphasised that the items in the test material should be as simple 

and familiar as possible because the goal of the test is to measure how well speech can be 

understood, rather than a person’s vocabulary or intelligence, while still meeting the other 

required criteria. Later studies on speech audiometry also highlighted how important lexical 

familiarity is. Egan (1948), in developing the PB-50 word lists, ensured that the selected words 

were commonly used in everyday English to help ensure consistent recognition by listeners. 

Words are often selected based on their frequency of occurrence to ensure that they are 

commonly used and familiar to listeners, thereby improving the reliability of speech 

recognition assessment (Vainutienė et al., 2024). Owens (1961) reported that more familiar 

words tend to be chosen among competing responses than less familiar words. Familiar items 

in a list can be utilised in several ways. The test words may be more familiar to a person with 

high intelligence and verbal ability, resulting in a higher discrimination score than to a person 

with a lower intelligence and verbal ability. So, it will be difficult for someone with a lower 

level of education if the test items are unfamiliar. Several studies have included familiarity 

rating procedures, where native speakers from distinct educational and socio-economic 

backgrounds rated the selected words to ensure consistency in perception across listeners 

(Chinnaraj et al., 2022; Manjula et al., 2015; Durankaya et al., 2019). 
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Some of the word lists in foreign languages were developed by utilising words from a 

word corpus, according to their frequency of occurrence in those languages (Fu et al., 2011; 

Wang et al., 2007). The words can be taken from magazines, daily newspapers, novels, 

school textbooks, and dictionaries in that particular language. Individuals with different 

educational backgrounds and social statuses should rate the familiarity of the selected words 

to ensure consistent word perception across the test items. 

2.3.2 Phonetic Dissimilarity 

 Hudgins et al. (1947) claimed that phonetic dissimilarity is essential because similar 

or rhyming words make the test harder needlessly. Similar words do not enhance the test's 

effectiveness, but they require finer discrimination. Using monosyllabic words in word lists 

can lead to phonetic similarity, which may create confusion for listeners. To overcome this, 

some researchers have developed bisyllabic word lists that reduce the likelihood of such 

similarities in test items (Chinnaraj et al., 2022). Hence, phonetic dissimilarity facilitates 

independent identification of words based on auditory perception, thereby improving the 

test's effectiveness. 

2.3.3 Normal Sampling of Speech Sounds 

Hudgins et al. (1947) also emphasised that speech materials should represent a normal 

distribution of speech sounds in the language, ensuring that they accurately reflect the 

phonetic structure of the language and typical everyday communication. To accomplish this, 

studies have employed approaches such as phoneme frequency analysis and phoneme 

allocation tables to establish the distribution of consonants, vowels, and, in some languages, 

tonal elements within each list (Ji et al., 2011). 

 However, achieving a perfectly normal distribution of speech sounds can be 

challenging because other criteria, such as familiarity and phonetic dissimilarity, restrict the 

selection of words. Despite these limitations, the authors emphasised that the selected items 
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should provide the most representative possible sampling of speech sounds (Ji et al., 2011). 

Additionally, extensive analyses of spoken-language corpora have been employed to 

establish phoneme frequency and guide word selection (Trimmis et al., 2006). 

While developing speech audiometry materials, the most frequently encountered issue 

is ensuring they are balanced phonetically or phonemically. Phonetic or phonemic balancing 

plays an important role in the speech discrimination score. A test has speech sounds that 

occur in everyday speech; it is said to be phonetically balanced (Egan, 1948). Boothroyd 

(1968) claimed that balancing can be achieved by using word lists that have the same 

proportion of phonemes in each list. Lehiste and Peterson (1959) introduced the concept of 

phonemic balancing. According to their view, phonemes are groups of speech sounds that 

native speakers of that language identify as similar. 

2.3.4 Homogeneity 

The fourth criterion proposed by Hudgins et al. (1947) is homogeneity of the test 

items. Homogeneity refers to the uniform level of difficulty across all words in the test list. 

Ideally, when spoken by the same speaker in a normal conversational tone, each word should 

have approximately the same level of intelligibility. He also claimed that to achieve 

homogeneity in a word list, two methods can be adopted. Either selecting words that, when 

spoken at a normal level, are heard at roughly the same threshold by the listener, or adjusting 

the recording levels such that all words are perceived at the same loudness. These approaches 

may also be combined to achieve greater consistency. Homogeneity is often evaluated using 

psychometric methods, for instance, performance–intensity (PI) functions, which assess the 

relationship between stimulus intensity and recognition performance (Ji et al., 2011).  

Similarly, studies have demonstrated that homogeneous word lists establish 

equivalent performance throughout different intensity levels, reflecting consistent difficulty 

and reliability (Chinnaraj et al., 2022). Such equivalence across multiple lists allows for their 
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interchangeable use (Hennig et al., 2018).  

Hudgins et al. (1947) also reported that homogeneous test materials typically yield a 

steeper and more consistent articulation function, indicating that the test items are similar in 

difficulty and that changes in performance are mainly due to audibility rather than to material 

variability. 

2.4 Speech Identification Tests Developed in Malayalam Language  

The frequency of occurrence of phonemes has been reported by Sreedevi and Irfana 

(2013), who highlighted that speech materials should be based on the most frequently 

occurring phonemes in the language. Research has also shown that vowel combinations and 

phonemic balance significantly influence word recognition performance, particularly in 

disyllabic wordlists (Narne et al., 2024).  

Various speech materials have been developed in Malayalam to evaluate speech 

identification score (SIS) and speech recognition score (SRT). These include the Malayalam 

Phonemically Balanced list (ISHA, 1990), the Malayalam spondee list (ISHA, 1990), which 

is currently available and the Picture test of speech perception in Malayalam (Mathew & 

Yathiraj, 1996). Konadath et al. (2013) developed sentence materials in the Malayalam 

language through collecting meaningful sentences that are commonly used, which have four 

to five words in each and are taken from textbooks, magazines and daily conversation. 

Equally difficult lists were formed by selecting sentences based on intelligibility in the 

presence of speech noise, and it was found to be equally difficult for individuals with normal 

hearing and those with hearing loss. Materials for speech in noise (SPIN) were developed by 

selecting a set of words and, after rating their familiarity, syntactically and semantically 

correct sentences were constructed. However, the material is no longer available in print or as 

a soft copy. These sentence lists were presented with multitalker babble at various SNR levels 

to evaluate speech perception in noise and to determine SNR-50 values (Prasad et al., 2017). 
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Low-frequency word lists in Malayalam were developed by Prabhu et al. (2017) using words 

with low-frequency energy and filtering them based on familiarity ratings. Thereafter, to 

obtain homogeneous words in terms of difficulty, psychometric functions were utilised. 

Nayana (2018) developed the Lexical Neighbourhood Test in Malayalam for children, by 

selecting words based on frequency of occurrence and lexical density, and then grouping 

them into easy and hard lexical items. However, existing Malayalam speech materials for 

speech identification scores are limited to phonemic balancing. The details of psychometric 

validation and equivalence across lists have not been established. 
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CHAPTER 3 

METHODS 

The present study involved the development and standardization of phonemically balanced 

word lists in Malayalam.  

The study was conducted in 3 phases, which include:  

1. Development of PB word lists in Malayalam. 

2. Assessing the homogeneity in audibility  

3. Standardization of the word lists 

3.1 Phase 1: Development of Phonemically Balanced Word Lists in Malayalam 

This phase was conducted in several steps: collecting words from various sources, 

rating the familiarity of collected words, conducting content validation, preparing word lists, 

and recording. 

3.1.1 Collection of Words 

A pool of 1000 words was collected from various sources, including novels, 

storybooks, dictionaries, and school textbooks up to the 8th standard. Recent magazines and 

newspapers published within the last six months were also considered during word collection. 

Words that were likely to cause ambiguity or perceptual confusion were excluded from the 

initial pool. 

3.1.2 Familiarity Rating 

The collected words were rated for familiarity on a five-point scale. Rating was 

carried out by 15 native Malayalam speakers from different levels of education and socio-

economic status. Kuppuswamy’s Socioeconomic Status Scale was used to assess 

socioeconomic status (SES) (Kumar et al., 2012). It includes five socio-economic classes: 

upper, upper middle, lower middle, upper lower, and lower. The familiarity rating scale in 

this study was defined as follows: 
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5- Most familiar (words which are well known and more frequently used in 

conversation) 

4- Familiar (words well known but less in conversation) 

3- Familiar but not used every day (known words but not used in conversation) 

2-Not familiar (words heard but meaning not known) 

1-Unknown (words never heard) 

Only the words that received familiarity ratings of 3-5 from the raters were considered 

for inclusion in the final word lists. 

3.1.3 Content Validation 

         The selected words were sent to 11 experts, including five from audiology and two each 

from speech-language pathology, linguistics, and psychology, for validation. The experts 

were asked to check whether the words met the criteria for familiarity, emotional and cultural 

appropriateness, relevance to speech audiometric evaluation and linguistic relevance. 

Particularly, the five audiologists and two speech language pathologists rated for familiarity, 

emotional and cultural appropriateness, relevance to speech audiometric evaluation and 

linguistic relevance. The two linguists rated same domains except for relevance to speech 

audiometric evaluation, while the two psychologists only rated familiarity and emotional and 

cultural appropriateness. Familiarity ratings were collected on a 5-point Likert scale, and the 

ratings were dichotomised into relevant (ratings of 3-5) and not relevant (ratings of 1 and 2). 

Cultural and emotional appropriateness and the relevance of speech audiometry were rated 

using a dichotomous (Yes/No) response format. Content validity was calculated using 

Lawshe’s Content Validity Ratio (CVR) for each word and overall Content Validity Index 

(CVI) for each domain, following the method described by Gilbert and Prion (2016). 

3.1.4 Preparation of Phonemically Balanced Words 

      Following familiarity rating and content validation, the retained words were organised 
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into six phonemically balanced word lists, each consisting of 25 words. Phonetic balance was 

ensured by matching the frequency of occurrence of Malayalam phonemes reported by  

Sreedevi and Irfana (2013). For that, the number of individual phonemes in the selected 

words in each list was computed and compared with the frequency of occurrence in 

Malayalam. Adjustments were made to produce final lists with a balanced phoneme 

distribution. During list formation, the average spectral centroid frequency of the words was 

also considered to ensure that the lists were acoustically comparable while maintaining 

phonemic balance (as explained in the following section). Words that could not be 

appropriately accommodated within the lists were excluded from the final set.    

        After the preparation of word lists, the International Phonetic Alphabet (IPA) 

transcription of corresponding words was added with the help of an expert linguist. 

3.1.5 Recording 

 All selected words were recorded in an acoustically treated room (ANSI 3.1, R2013). 

The speech material was recorded in Adobe Audition 25.2 using a high-fidelity microphone, 

held 10 cm from the speaker's mouth. Firstly, to find a speaker to record the final word list, a 

sample of 15 words was presented to five native Malayalam speakers (both male and female), 

who recorded the words.  Then, the recorded samples were sent to five audiology experts and 

five native Malayalam speakers with diverse educational and socio-economic backgrounds. 

They were asked to rate the samples on naturalness, clarity, pronunciation, and pleasantness 

using a 5-point scale, where 1 indicates the poorest rating, and 5 indicates the best, with 

domain-specific descriptors provided for each. Afterwards, the responses were gathered, and 

a speaker with the maximum rating was selected for the final recording of all the word lists. 

The speaker was instructed to practice pronouncing the words naturally and clearly, with a 

neutral intonation and a constant vocal effort throughout the recording. The recorded 

waveforms were digitised with a 32-bit A/D converter at a sampling frequency of 44,100 Hz. 
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To generate a consistent set of Phonemically Balanced Malayalam words, recorded words 

were then edited using Adobe Audition version 25.2 software to trim extraneous intervals and 

to normalise the intensity. 

3.1.6 Procedure for Spectral Centroid Estimation 

The recorded bi-syllabic phonemically balanced Malayalam words were subjected to 

acoustic analysis to obtain their spectral centroid values using a custom MATLAB program 

developed with the assistance of an expert in signal processing. Each recorded word was first 

segmented and saved as an individual audio file in WAV format with standardised recording 

parameters. The audio files were imported into MATLAB, where preprocessing procedures, 

such as amplitude normalization and removal of leading and trailing silence, were applied to 

ensure uniformity across stimuli. The custom script then performed spectral analysis of each 

word using Fast Fourier Transform (FFT)-based processing. The spectral centroid, 

representing the centre of gravity of the frequency spectrum, was calculated by weighting 

each frequency component by its spectral magnitude over the signal duration. The obtained 

centroid values were used to examine and balance the spectral distribution of the words 

across the developed Malayalam PB word lists.  

3.2 Phase 2: Assessing the Homogeneity in Audibility 

3.2.1 Noise Generation 

Each word recording was transformed to the frequency domain in order to generate 

Spectro-temporally matched noise for the test. Afterwards, intelligibility of the recording was 

removed through spectral inversion. This technique involved inverting the frequency 

components around the spectral centre using a custom MATLAB program developed with the 

assistance of an expert in signal processing. This ensures that the resulting noise preserves the 

temporal envelope and complexity of the original word recording. This method produced 

noise closely matching the spectral and temporal characteristics of the word stimuli. 
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3.2.2 Determination of Global SNR 

A pilot study (N=5) was conducted to establish a global SNR at which word 

identification would be approximately 50% to reduce floor and ceiling effects during test 

administration. The recorded words were mixed with the spectrum-inverted noise at multiple 

SNR levels (0 dB, -2 dB, -4 dB, and -6 dB) and presented to a group of native Malayalam 

speakers, monaurally at a comfortable listening level. Participants were instructed to repeat 

the words.  

The percentage of correctly identified words was scored at each SNR. The global 

SNR was defined as the level at which approximately 50% of words are correctly identified. 

The global SNR-50 ranged from -2 to -4 dB in the pilot study. This global SNR served as the 

reference point for constructing test lists and selecting additional SNR intervals: 0 dB, -2 dB, 

-4 dB and -6 dB for detailed speech perception assessment. 

3.2.3 Mixing and Calibration 

The stimuli and their corresponding spectrum-inverted noise were normalised to 

equivalent long-term RMS amplitude. Words and noise were digitally mixed at target SNRs 

based on the global SNR-50 and additional SNRs. The RMS levels for mixing were 

determined using precise amplitude measurements over a fixed analysis window (e.g., 30 

ms), in accordance with established calibration practices. 

3.2.4 Pilot Study 

A pilot study was conducted with five native Malayalam speakers aged 18–50 years. 

Participants were instructed to repeat the presented recorded words verbatim. All word lists 

were administered under quiet as well as noise conditions at 0, −2, −4, and −6 dB SNR. 

Following test administration, a brief interview was conducted to evaluate the 

appropriateness of the recorded speech material when presented through transducers, the 
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naturalness of the recorded words, the adequacy of the inter-stimulus interval, and the need 

for any practice items prior to testing. 

Based on the pilot study and feedback, words demonstrating consistent identification 

performance across participants while maintaining the target phonemic balance were retained. 

The final word lists consisted of six phonemically balanced words with comparable acoustic 

properties and levels of listening difficulty. 

Based on feedback from the pilot study, a practice list of five words not included in 

the original word lists was prepared. These practice items were presented initially along with 

the 1 kHz calibration tone prior to the commencement of testing. All participants were 

instructed on the test procedure and required to complete a practice trial before the 

administration of the actual speech identification test. 

3.3 Phase 3: Standardization of Word Lists 

3.3.1 Participants 

           After a routine audiological evaluation, the recorded word list was presented in a quiet 

room to 40 native Malayalam-speaking individuals aged 18 to 50 years with normal hearing 

sensitivity. Using a calibrated dual-channel audiometer, pure-tone thresholds, speech 

recognition thresholds using existing Malayalam spondee words, and speech identification 

scores using existing Malayalam PB words were estimated. To evaluate middle ear functional 

status, tympanograms and acoustic reflexes were obtained using a calibrated GSI Tympstar 

middle ear analyser. 

         Using the modified Hughson and Westlake method (Carhart & Jerger, 1959), pure-tone 

air-conduction thresholds were established at octave frequencies from 250 Hz to 8000 Hz, 

and bone-conduction thresholds from 250-4000 Hz for each participant. Tympanometry 

measurements were assessed using a probe tone at 226 Hz and 85 dB SPL, and acoustic 

reflexes were measured ipsilaterally and contralaterally with reflex-eliciting tones at 500, 
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1000, 2000, and 4000 Hz to track the acoustic reflex threshold.  

       Participants were selected based on these criteria: Pure tone threshold average within 15 

dB HL, ‘A’/’As’ type (in case of ‘As’ type, a compliance of >0.30 with present acoustic 

reflexes is considered), tympanogram, and presence of acoustic reflexes in at least two 

frequencies. A change in admittance value greater than 0.03 ml was considered the criterion 

for the presence of reflexes (Katz et al., 2015). Participants with any history of otological, 

neurological, speech-language, or psychological disorders, or significant noise exposure (as 

determined through case history, interview, and observation) were excluded from the study. 

3.3.2 Test Environment  

All the testing was carried out in a sound-treated audiometric room having 

permissible ambient noise levels standards specified by the American National Standards 

Institute (ANSI S3.1-1999). This ensured a valid and reliable pure-tone and speech 

audiometric assessment. 

3.3.3 Administration of Developed Word Lists 

         All 40 participants were presented with all the word lists in a quiet room at 40 dB SL 

(Ref: SRT). The word lists were given via a personal laptop and Sennheiser HDA 200 

headphones, using a calibrated audiometer. Participants were instructed to repeat the words 

they heard verbatim, and their responses were recorded on a scoring sheet. In case of not 

understanding or not hearing properly, they were asked to guess the word (Katz et al., 2015). 

Two audiologists (one in the audiometric room and another in the tester room) scored 

participants' responses against a pre-prepared list of word lists in the order they occurred in 

the recorded material. The scorers have to check the corresponding columns for the correct 

(√) or incorrect (X) symbols. Correct responses were scored as 1 and incorrect responses as 0.  

In case of discrepancies in scores between two audiologists, the particular word list was re-

administered after completion of the entire procedure and a short break. Further, the 6 lists 
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were presented to 10 participants to assess PI-PB function at 0 dB SL, 10 dB SL, 20 dB SL, 

30 dB SL, and 40 dB SL (Chinnaraj et al., 2022). To avoid order effects, the word lists were 

presented at different levels in a random order across participants. To minimise practice 

effect, the presentation order of the word lists and the intensity level (dB SL) were pseudo-

randomised across participants. A predetermined presentation chart was used for this, which 

ensured that each participant heard each word list only once at a given presentation level, 

while all word lists were used equally across participants  

3.4 Phase 4: Measuring the Reliability  

3.4.1Test-Retest Reliability 

      The developed word lists were re-administered to five participants by the same 

audiologist one week later to assess test–retest reliability. The intraclass correlation 

coefficient (ICC) and Cronbach’s alpha (α) were computed using a two-way mixed-effects 

model with absolute agreement. 

3.4.2 Inter-Judge Reliability 

To assess inter-clinician reliability, the developed word lists were administered independently 

by two audiologists to five participants under identical test conditions. The administrations 

were carried out on the same day, with an adequate interval between sessions to minimise 

fatigue. Percentage agreement was used to assess inter-judge reliability. 

3.5 Analysis 

      The data obtained was tabulated and analysed using SPSS (Statistical Package for the 

Social Sciences) software version 26.0. The Shapiro-Wilk test was used to determine whether 

the data follow a normal distribution. Cronbach’s alpha, mean, and standard deviation 

analyses were used for familiarity ratings. Centroid frequency across the word list was 

analysed using the Friedman test and repeated-measure ANOVA. Speech identification score 

obtained in quiet and across different SNR conditions was analysed using descriptive 
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statistics and the Friedman test. As significance was observed at 0 dB and -4 dB SNR, the 

Wilcoxon signed-rank test with Bonferroni correction was used. Additionally, SNR 50 values 

were determined by linear interpolation and analysed using the Friedman test. Psychometric 

analysis was conducted for different sensation levels using the Friedman test and the PI-PB 

function.  
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CHAPTER 4 

RESULTS 

The present study aimed to develop and standardize phonemically balanced word lists 

in Malayalam language for adults to assess speech identification scores in adults with normal 

hearing sensitivity. In addition, the study evaluated the consistency of speech identification 

scores across different wordlists in adults with normal hearing sensitivity and examined the 

homogeneity of audibility among the developed word lists. The study included 40 native 

Malayalam speakers with normal hearing sensitivity, who underwent a detailed audiological 

evaluation before the administration of the developed Malayalam wordlists. The results of the 

present study are given under separate sections corresponding to the different stages involved 

in the development and evaluation of the recorded Malayalam PB word lists 

4.1 Familiarity Ratings 

A pool of 1000 bi-syllabic words in Malayalam was collected, and familiarity ratings 

of the words were obtained from 15 native Malayalam speakers using a five-point rating 

scale. The internal consistency of the ratings, as measured by Cronbach’s alpha, was high (α 

= 0.79), indicating good inter-rater agreement. Mean familiarity scores and standard deviation 

were computed for each word, and those words that had a mean score of ≥4 and a standard 

deviation ≤1 were retained for further development of lists. The Friedman test was performed 

across word lists and found no significant difference in mean familiarity scores (χ² (5) = 5.96, 

p = .31). 

4.2 Content Validation 

Following familiarity ratings, the selected words underwent content validation by 11 

experts comprising five audiologists, two speech-language pathologists, and two experts each 

from linguistics and psychology. For each word, the Content Validity Ratio (CVR) was 

calculated using the following equation: 
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𝐶𝑉𝑅 =
(𝑛𝑒−𝑁/2)

𝑁/2
 

Where nₑ is the is the number of experts rating the item as relevant (familiarity rating of 3—5 

or “Yes” for appropriateness and relevance) and N is the total number of experts for that 

domain. Items meeting the critical CVR threshold for the respective panel size (Ayre & 

Scally, 2014) were retained for further development of Malayalam PB word lists. The overall 

CVI was computed as the mean of CVR across all the retained items in each domain. The 

domain-wise CVI were as follows: familiarity (CVI=0.95), cultural and emotional 

appropriateness (CVI=0.94), relevance to speech audiometry (CVI=1.00), and linguistic 

relevance (CVI= 0.94), indicating excellent content validity across all domains. 

4.3 Centroid Frequency  

The Shapiro–Wilk test revealed mixed normality findings across the six-word lists. 

Centroid values for List 1 and List 6 deviated significantly from the normal distribution (𝑝 <

.05), in contrast, the remaining lists showed normal distribution characteristics (p > .05). 

Therefore, a nonparametric Friedman test was primarily used for comparison of centroid 

frequencies across lists. The Friedman test revealed no significant difference in spectral 

centroid frequencies across the six Malayalam PB word lists (χ2(5) = 6.371, p = 0.27). The 

mean centroid values ranged from 2794.44 Hz to 3206.21 Hz, indicating comparable spectral 

energy distribution across the lists. 

As some of the combinations showed normal distribution, a repeated-measures 

ANOVA was also performed, which again demonstrated no significant effect of word list on 

centroid frequency values (F (5, 120) =1.258, p=0.287), further supporting the acoustic 

equivalence of the developed lists. 

 

Figure 4.1 

Displays the Distribution of Spectral Centroid Frequencies Across the Six Word Lists 
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Note. Violin plot showing the spectral centroid frequency (Hz) across each list, where a filled 

circle represents an individual data point, the horizontal line represents the median, and the 

box indicates the interquartile range (25 -75 percentile). 

4.4 Speech Identification Scores (SIS) in Quiet Across Word Lists 

Speech Identification Scores (SIS) obtained in quiet were analysed across the six 

developed word lists. Descriptive statistics showed comparable mean scores across lists, with 

minimal variability.  

Because the data were not normally distributed according to the Shapiro–Wilk test (p 

< .05), nonparametric analysis was performed using the Friedman test. The analysis revealed 

no statistically significant difference in SIS scores across the six-word lists, χ² (5) = 2.40, p = 

0.79. The grand mean across the lists is 99.48% in quiet. These findings indicate that the 

developed word lists were equivalent in difficulty under quiet listening conditions.  
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Table 4.1  

Mean, Median, Standard Deviation, Minimum, Maximum Scores, and Interquartile Range for the Six Word Lists Obtained in Quiet and at Different Signal-

To-Noise Ratios (SNRs) 

 Mean Median SD Minimum Maximum Interquartile Range 

List 1 quiet  
Statistic 24.85 25.00 0.36 24.00 25.00 0.00 

Std. Error 0.05      

List 2 quiet 

Statistic 24.90 25.00 0.30 24.00 25.00 0.00 

Std. Error 0.04      

List 3 quiet 

Statistic 24.85 25.00 0.36 24.00 25.00 0.00 

Std. Error 0.05      

List 4 quiet 

Statistic 24.92 25.00 0.26 24.00 25.00 0.00 

Std. Error 0.04      

List 5 quiet 

Statistic 24.82 25.00 0.38 24.00 25.00 0.00 

Std. Error 0.06      

List 6 quiet 
Statistic 24.87 25.00 0.33 24.00 25.00 0.00 

Std. Error 0.05      
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  Mean Median SD Minimum Maximum Interquartile Range 

List 1 0 dB 

SNR 

 

Statistic 

 

21.10 

 

21.00 

 

0.37 

 

20.00 

 

22.00 

 

0.00 

Std. Error 0.05      

List 2 0 dB 

SNR 

Statistic 21.27 21.00 0.45 21.00 22.00 1.00 

Std. Error 0.07      

List 3 0 dB 

SNR 

Statistic 21.10 21.00 0.30 21.00 22.00 0.00 

Std. Error 0.04      

List 4 0 dB 

SNR 

Statistic 21.55 22.00 0.50 21.00 22.00 1.00 

Std. Error 0.07      

List 5 0 dB 

SNR 

Statistic 21.37 21.00 0.49 21.00 22.00 1.00 

Std. Error 0.07      

List 6 0 dB 

SNR 

Statistic 21.45 21.00 0.50 21.00 22.00 1.00 

Std. Error 0.07      

List 1 -2 dB 

SNR 

Statistic 16.35 16.00 0.53 15.00 17.00 1.00 

Std. Error 0.08      
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  Mean Median SD Minimum Maximum Interquartile Range 

List 2 -2 dB 

SNR 

 

Statistic 

 

16.35 

 

16.00 

 

0.48 

 

16.00 

 

17.00 

 

1.00 

Std. Error 0.07      

List 3 -2 dB 

SNR 

Statistic 16.32 16.00 0.52 16.00 18.00 1.00 

Std. Error 0.08      

List 4 -2 dB 

SNR 

Statistic 16.57 17.00 0.71 15.00 19.00 1.00 

Std. Error 0.11      

List 5 -2 dB 

SNR 

Statistic 16.37 16.00 0.49 16.00 17.00 1.00 

Std. Error 0.07      

List 6 -2 dB 

SNR 

Statistic 16.55 17.00 0.63 15.00 18.00 1.00 

Std. Error 0.10      

List 1 -4 dB 

SNR 

Statistic 12.80 13.00 0.40 12.00 13.00 0.00 

Std. Error 0.06      

List 2 -4 dB 

SNR 

Statistic 12.77 13.00 0.42 12.00 13.00 0.00 

Std. Error 0.06      
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  Mean Median SD Minimum Maximum Interquartile Range 

List 3 -4 dB 

SNR 

 

Statistic 

 

12.52 

 

13.00 

 

0.59 

 

11.00 

 

14.00 

 

1.00 

Std. Error 0.09      

List 4 -4 dB 

SNR 

Statistic 12.75 13.00 0.49 12.00 14.00 1.00 

Std. Error 0.07      

List 5 -4 dB 

SNR 

Statistic 12.50 12.50 0.50 12.00 13.00 1.00 

Std. Error 0.08      

List 6 -4 dB 

SNR 

Statistic 12.62 13.00 0.54 12.00 14.00 1.00 

Std. Error 0.08      

List 1 -6 dB 

SNR 

Statistic 5.65 6.00 0.48 5.00 6.00 1.00 

Std. Error 0.07      

List 2 -6 dB 

SNR 

Statistic 5.72 6.00 0.45 5.00 6.00 1.00 

Std. Error 0.07      

List 3 -6 dB 

SNR 

Statistic 5.67 6.00 0.47 5.00 6.00 1.00 

Std. Error 0.07      
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  Mean Median SD Minimum Maximum Interquartile Range 

List 4 -6 dB 

SNR 

 

Statistic 

 

5.75 

 

6.00 

 

0.43 

 

5.00 

 

6.00 

 

0.75 

Std. Error 0.06      

List 5 -6 dB 

SNR 

Statistic 5.55 6.00 0.50 5.00 6.00 1.00 

Std. Error 0.07      

List 6 -6 dB 

SNR 

Statistic 5.87 6.00 0.64 5.00 8.00 0.00 

Std. Error 0.10      

Note. *SD-Standard Deviation; dB- Decibel; SNR-Signal-to-Noise ratio.
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4.5 Effect of Signal-to-Noise Ratio (SNR) on Speech Identification Scores Across Word 

Lists 

For the 0 dB SNR condition, the Friedman test revealed a statistically significant 

difference in SIS scores across the six-word lists, χ² (5) = 33.07, p < .001. Kendall’s 

coefficient indicated low agreement among the pair differences (W = .165), suggesting a 

weak effect size (Peres, 2026). However, a post hoc Bonferroni pairwise comparison was 

conducted to identify the specific word lists that differed significantly. Post hoc analysis 

using the Wilcoxon signed-rank test revealed significant differences between several word-

list pairs at 0 dB SNR. Significant differences were observed between List 1 and List 4, List 1 

and List 5, List 1 and List 6, List 2 and List 4, List 2 and List 6, List 3 and List 4, List 3 and 

List 5, and List 3 and List 6. Kendall’s coefficient of concordance indicated a weak effect 

size among all these pairs (W < 0.10). No significant differences were found between the 

remaining list pairs. The details of this analysis are presented in Table 4.2.  

For the -2 dB SNR condition, the analysis revealed no statistically significant 

difference in SIS scores across the six-word lists, χ²(5) = 8.81, p = .117. This finding suggests 

highly comparable performance across the six lists. 

For the -4 dB SNR condition, the Friedman test revealed a statistically significant 

difference in SIS scores across the six word lists, χ²(5) = 13.01, p = .023. Kendall’s 

coefficient of concordance indicated a weak effect size (W = .065). Further, post hoc analysis 

using the Wilcoxon signed-rank test showed significant differences between List 1 and List 3, 

List 1 and List 5, List 2 and List 3, List 2 and List 5, and List 4 and List 5. Kendall’s 

coefficient of concordance indicated a weak effect size among all these pairs (W < 0.10). No 

significant differences were found between the remaining list pairs. The details of this 

analysis are presented in Table 4.2.  



33 
 

For the -6 dB SNR condition, the analysis revealed no statistically significant 

difference in SIS scores across the six word lists, χ²(5) = 7.61, p = .179. This finding suggests 

highly comparable performance across the six lists. 

Table 4.2 

Pairwise Comparison with Bonferroni Correction Between List Pairs for 0 dB and -4 dB 

SNRs 

SNR List Pairs Z-value p-value p-adjusted 

0 dB SNR 

List 1_List 4 -3.53 0.00 
0.00 

List 1_List 5 -2.67 0.008 
0.12 

List 1_List 6 -2.99 0.003 
0.05 

List 2_List 4 -3.32 0.001 
0.02 

List 2_List 6 -2.33 0.020 
0.30 

List 3_List 4 -3.84 0.00 
0.00 

List 1_List 5 -2.52 0.012 
0.18 

List 3_List 6 -3.13 0.002 
0.03 

-4 dB SNR 

List 1_List 3 -2.67 0.008 
0.12 

List 1_List 5 -2.35 0.019 
0.29 

List 2_List 3 -2.36 0.018 
0.27 

List 2_List 5 -2.67 0.008 
0.12 

List 4_List 5 -2.24 0.025 
0.38 

Note. *SNR – Signal-to-Noise ratio. 

Figure 4.2 presents the psychometric function, showing the speech identification score as a 

percentage for six word lists across different SNRs. The result indicates a clear improvement 

in SIS score as the SNR increases from -6 dB to 0 dB, and the psychometric functions for all 

six lists overlap, indicating that these lists are homogeneous in difficulty. 
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Figure 4.2  

Psychometric Function Displaying the Speech Intelligibility Score (SIS In Percentage) of Six-

Word Lists Across -6 dB, -4 dB, -2 dB and 0 dB SNRs 

 

Note. SNR – Signal-to-Noise ratio, L1–List 1, L2–List 2, L3–List 3, L4–List 4, L5–List 5, 

L6–List 6. 

Because the speech identification scores (SIS) obtained across the six word lists in 

quiet and at different SNR conditions showed either no significant difference or only a 

statistically significant difference with a small effect size (±1 word), the scores were averaged 

across the word lists for subsequent analysis of performance across the various SNR 

conditions. 

4.6 SNR-50 Comparison Across Word Lists 

The SNR-50 value was estimated from the psychometric function obtained across the 

tested SNR conditions (0, −2, −4, and −6 dB SNR). Since the exact 50% speech identification 

score was not directly measured, linear interpolation was used between the adjacent SNR 

conditions surrounding the 50% performance level to estimate the corresponding SNR-50 

value. The formula used to obtain SNR-50 is  

SNR-50 = SNR1 + (50-P1) (SNR2-SNR1) / (p2-P1) 



35 
 

where P1, P2 are the Speech Identification Scores surrounding 50% and SNR1 and SNR2 are 

the corresponding SNR values. 

 The Friedman test revealed no statistically significant difference in SNR-50 across 

word lists, χ²(5) = 10.42, p = .062.  

Figure 4.3 illustrates Psychometric functions for wordlists across different listening 

conditions. The SIS increased progressively from approximately 20% at -6 dB SNR to nearly 

100% in the quiet condition. The dashed lines represent an SNR of 50, at which 50% speech 

identification was achieved, around -4 dB. 

Figure 4.3 

Psychometric Functions for Word lists Across Different Listening Conditions 

  

Note. Psychometric function of wordlists displaying SNR-50.  

4.7 Psychometric Analysis of SIS at Different Sensation Levels (SLs) 

A psychometric function was drawn using the Performance Intensity-Phonemically 

Balanced (PI-PB) function to assess whether all lists are homogeneous in difficulty across 

different intensities. Friedman's test revealed a statistically significant difference in SIS 

scores across the six word lists, χ² (4) = 40.00, p < .001. Kendall’s coefficient of concordance 

indicated a large effect size (W = 1.00), suggesting high consistency in performance across 

the intensities.  
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The PI-PB test was conducted across five sensation levels (0, 10, 20, 30, 40 dB SL) 

with 10 participants, and the psychometric function was established for all six word lists.  

Figure 4.4 illustrates the psychometric function curve across five sensation levels (dB). From 

the figure, it is clear that SIS scores increased systematically with intensity level, with 0% at 

0 dB SL and 100% above 30 dB SL, indicating that difficulty decreases as intensity increases. 

Figure 4.4 

Psychometric Function Curve Across Five Sensation Levels (dB) 

 

Note. Psychometric function curve showing Speech Identification Score (SIS) across five 

sensation levels. 

4.8 Reliability 

4.8.1 Test–Retest Reliability 

Test–retest reliability of the developed word lists was assessed using the Intraclass 

Correlation Coefficient (ICC) and Cronbach’s alpha. 

For several listening conditions, ICC estimation was not possible due to ceiling 

performance and zero variance in participant scores. In these conditions, all participants 

obtained identical scores (100% scores in both test and retest administrations), indicating 

perfect agreement across the two testing sessions. 

Excellent test–retest reliability was observed for the analysed listening conditions, 

with ICC values of 1.00 and Cronbach’s alpha of 1.00, indicating perfect agreement between 
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test and retest administrations. These findings suggest that participant performance remained 

highly stable across repeated testing sessions under the analysed listening conditions. 

For conditions in which sufficient variability in scores was present, Intraclass 

Correlation Coefficient (ICC) and Cronbach’s alpha were computed to assess test–retest 

reliability. For instance, moderate test–retest reliability was observed in one of the listening 

conditions, with an ICC of 0.600 and Cronbach’s alpha of 0.75, indicating acceptable 

agreement between the two testing sessions. Overall, the developed word lists demonstrated 

excellent temporal stability and consistency across repeated administrations.  

4.8.2 Inter-Judge reliability  

Inter-judge reliability was assessed using percentage agreement between the two 

judges across the developed Malayalam PB word lists. A high level of agreement was 

observed among the judges, indicating consistent scoring of speech identification responses. 

Cronbach’s alpha and Intraclass Correlation Coefficient (ICC) could not be reliably estimated 

for several conditions due to the presence of constant scores and insufficient variance among 

observations, particularly under ceiling performance conditions.  

 Therefore, percentage agreement was considered a more appropriate measure of 

inter-judge reliability for the present data. The percentage agreement between the two judges 

ranged from 80% to 100%, indicating excellent inter-judge consistency across listening 

conditions and word lists. Table 4.3 shows the test-retest and inter-judge reliability of the SIS 

score obtained for six word lists across different listening conditions. Overall, the developed 

word lists show good test-retest and inter-judge reliability across different listening 

conditions. 
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Table 4.3 

Test-Retest Reliability and Inter-Judge Reliability  

Listening 

Condition 

Test-Retest reliability Inter-judge reliability 

ICC value 

Cronbach’s alpha 

(α) 

Percentage agreement 

(%) 

List 1 0 dB SNR 1.000 1.000 100 

List 2 0 dB SNR 1.000 1.000 100 

List 3 0 dB SNR _  _ 80 

List 4 0 dB SNR 1.000 1.000 100 

List 5 0 dB SNR 1.000 1.000 100 

List 6 0 dB SNR 1.000 1.000 100 

List 1 -2 dB SNR 1.000 1.000 100 

List 2 -2 dB SNR 1.000 1.000 100 

List 3 -2 dB SNR 0.600 0.750 100 

List 4 -2 dB SNR _ _ 80 

List 5 -2 dB SNR 1.000 1.000 100 

List 6 -2 dB SNR _ _ 100 

List 1 -4 dB SNR 1.000 1.000 100 

List 2 -4 dB SNR 0.600 0.750 100 

List 3 -4 dB SNR 0.667 0.800 100 

List 4 -4 dB SNR 1.000 1.000 100 

List 5 -4 dB SNR 1.000 1.000 100 

List 6 -4 dB SNR 1.000 1.000 100 

List 2 -6 dB SNR 0.600 0.750 80 
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Listening 

Condition 

Test-Retest reliability Inter-judge reliability 

ICC value 

Cronbach’s alpha 

(α) 

Percentage agreement 

(%) 

List 3 -6 dB SNR 0.600 0.750 100 

List 4 -6 dB SNR 1.000 1.000 100 

List 5 -6 dB SNR 1.000 1.000 100 

List 6 -6 dB SNR 1.000 1.000 80 

Note. Intraclass Correlation Coefficient (ICC) value and Cronbach’s alpha (α) for measuring 

test-retest reliability, and Percentage agreement (%) for inter-judge reliability across different 

listening conditions (-6 dB, -4 dB, -2 dB and 0 dB) SNRs. 
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CHAPTER 5 

DISCUSSION 

The present study was undertaken to develop and evaluate recorded bisyllabic 

Malayalam phonemically balanced (PB) word lists for speech identification testing in quiet 

and noise conditions. The developed word lists were subjected to familiarity rating, content 

validation, acoustic analysis, psychometric evaluation, and reliability assessment to establish 

their clinical applicability. The findings of the study demonstrated that the developed lists 

were familiar, culturally appropriate, acoustically comparable, and homogeneous in difficulty 

across different listening conditions. Further, the developed lists showed good psychometric 

characteristics and high reliability across repeated administrations, supporting their potential 

utility in speech audiometry among native Malayalam speakers.  

5.1 Familiarity Ratings and Content Validation 

The collected 1000 bisyllabic words were subjected to familiarity rating, and the 

words that were highly familiar to the native Malayalam speakers were selected. A total of 

700 words were shortlisted after the familiarity rating. This study followed the procedures 

used by Manjula et al. (2015) for developing PB word lists in Kannada and by Chinnaraj et 

al. (2022) for developing PB word lists in Tamil. Manjula et al. (2015) collected 1200 

bisyllabic Kannada words and shortlisted 820 familiar words following familiarity rating by 

15 native speakers using a 5-point scale. Whereas, Chinnaraj et al. (2022) collected 1015 

bisyllabic Tamil words, and familiarity ratings were conducted with 20 native speakers. After 

familiarity ratings and content validation, 760 words were retained to develop 25 PB word 

lists.  

Similar to these studies, the present study also used familiarity ratings on a 5-point 

scale, but words with a mean score≥4 and a standard deviation ≤1 were retained for further 

standardization. However, compared with previous studies, the present study differs in the 
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number of participants and the number of words retained. These differences may be due to 

variations in phonemic structure, word familiarity, dialectal influences and linguistic 

characteristics across different languages. 

Owens (1961) noted that familiar words are easier to recognise than less familiar 

ones, and that discrimination ability is affected by word familiarity. According to Hudgins et 

al. (1947), the test materials used in speech audiometry should be familiar and simple so that 

the test assesses speech intelligibility rather than vocabulary or intelligence. 

The high level of agreement among experts in the content validation, as reflected by 

domain-wise CVI values (familiarity=0.95; cultural and emotional appropriateness =0.94; 

relevance to speech audiometry=1.00; linguistic relevance=0.94), indicates that the selected 

words were considered appropriate and suitable for inclusion in the developed Malayalam PB 

word lists. These findings suggest that the developed test materials possessed good content 

validity and were linguistically, culturally, and clinically appropriate for speech audiometry 

assessment in Malayalam-speaking individuals.  

The findings of the present study are similar to those reported by Chinnaraj et al. 

(2022), as both studies observed high expert agreement regarding the validity of the selected 

word. While the present study employed Lawshe’s Content Validity Ratio (CVR) along with 

the Content Validity Index (CVI), Chinnaraj et al. (2022) assessed content validation using 

the Item-level Content Validation Index (I-CVI) and Scale-level Content Validation Index (S-

CVI) measures. They reported I-CVI values ranging from 0.8 to 1, S-CVI/UA of 0.92, and S-

CVI/Ave of 0.98, indicating excellent content validity. Despite methodological differences, 

both studies demonstrated strong expert agreement regarding the appropriateness and 

relevance of the selected words for speech audiometry assessment. In contrast, Manjula et al. 

(2015) mainly focused on familiarity ratings and equivalence testing rather than on formal 

content validation measures such as CVI or percentage agreement. Nevertheless, both studies 
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emphasised the importance of selecting familiar, clinically appropriate words when 

developing phonemically balanced speech materials.  

Content validation is an essential step in the development of speech audiometry 

materials because it helps ensure that the test items are familiar, appropriate, linguistically 

suitable, and clinically relevant to the target population (Hennig et al., 2018; Vaucher et al., 

2022). Carhart (1951) highlighted that materials for speech audiometry should be 

independently developed and standardised for each language, as the linguistic and phonetic 

characteristics change across languages. Wang et al. (2007) reported that Mandarin disyllabic 

materials with high familiarity and phonological balance exhibited sufficient validity and 

reliability for clinical use.  

A major strength of the present study was the inclusion of multidisciplinary 

professionals and non-expert native speakers as validators. The involvement of experts from 

different disciplines ensured the linguistic, clinical, and cultural appropriateness of the 

selected words. Additionally, inclusion of non-expert native Malayalam speakers helped 

ensure familiarity and real-world applicability of the test materials. Similar approaches 

involving expert and non-expert raters have been reported in studies by Chinnaraj et al. 

(2022), Hennig et al. (2018), and Vaucher et al. (2022), in which familiarity, appropriateness, 

and auditory recognition of speech materials were evaluated by both specialist and non-

specialist judges. 

After familiarity ratings and expert content validation, words that were familiar, 

culturally and emotionally appropriate, and relevant to speech audiometry were selected. The 

complete set of six Malayalam phonemically balanced (PB) word lists developed in the 

present study, together with their corresponding IPA transcriptions, is presented in Appendix 

A.  
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5.2 Centroid Frequency  

The present study analysed the spectral centroid frequencies of developed Malayalam 

word lists to evaluate acoustic similarity among them. The spectral centroid frequency 

represents the distribution of spectral energy across frequencies and is the midpoint of the 

spectral energy distribution, reflecting the spectral characteristics of the sound signal  (Kua et 

al., 2010; Sandell, 1995; Schubert & Wolfe, 2006). The results of the present study show no 

significant differences in centroid frequency across the six lists, indicating a comparable 

spectral distribution. Such acoustic similarity across the lists may reduce variability due to 

spectral differences. The distribution of acoustic energy across frequency is an important 

factor in the identification of speech sounds (Fry, 1964).  

The wide range of centroid frequencies noted in each list indicated that significant acoustic 

energy was distributed across both low- and high-frequency regions of the speech spectrum. 

This finding may be related to the incorporation of different Malayalam speech sounds during 

the development of word lists. Studies related to broad phoneme classification and phoneme 

spotting have claimed that vowels, nasals, approximates, fricatives, and plosives possess 

distinct spectral and acoustic characteristics (Sangeetha et al., 2019). Frequent occurrence of 

fricatives and certain plosive sounds, which are characterised by greater high-frequency 

spectral energy, could contribute to relatively higher centroid frequencies in some lists 

(Deekshitha et al., 2018). 

Previous studies on the development of PB words across languages have mainly 

focused on phonetic balancing and homogeneity in audibility rather than on acoustic spectral 

measures. So, a direct comparison of centroid frequencies across lists with previous studies 

on PB word list development is limited. 
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5.3 Speech Identification Scores (SIS) in Quiet Across Word Lists 

The Speech identification scores showed comparable means across all developed 

word lists with no statistically significant differences between the lists in quiet listening 

conditions. The grand mean percentage correct across the lists is 99.48%. The result of the 

present study reveals that the developed six Malayalam PB word lists were equivalent in 

difficulty for individuals with normal hearing sensitivity.  

These findings are similar to those of previous studies on the development of PB word 

lists across different languages. Chinnaraj et al. (2022) reported no significant difference in 

speech identification scores across 25 lists of the 25 developed PB word lists in Tamil, with a 

grand mean score of 99.77% in individuals with normal hearing. Similarly, Ullrich and 

Grimm (1976) noted that the mean score of 99.7% using the NU-6 word list at the most 

comfortable listening level, whereas Beattie et al. (1997), using the CID W22 monosyllabic 

word lists, reported a mean word recognition score of 95% in quiet for normal hearing 

listeners, which suggests excellent speech identification abilities under favourable listening 

conditions. According to Davis and Silverman (1960), individuals with normal hearing 

sensitivity generally achieve perfect speech identification performance at comfortable 

listening levels, results comparable to those of the present study. 

According to Hirsh et al. (1952), speech audiometry materials should be standardised 

and homogeneous with respect to audibility. Lehiste and Peterson (1959) highlighted the 

importance of phonemic balancing and claimed that linguistic and phonemic characteristics 

affect speech recognition performance. The consistent SIS scores across the developed 

Malayalam PB word lists in the present study are linked to careful selection of familiar 

words, the validation procedure, and phonemic balancing followed during development. 

Wilson and Margolis (1983) highlighted that to establish interchangeable speech 

materials, consistency between the lists is important. Therefore, the absence of significant 
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differences across the developed Malayalam word lists in the Friedman analysis suggests 

homogeneity in difficulty level, indicating that the lists can be used interchangeably during 

speech audiometry evaluation. Hence, multiple equivalent lists will reduce the practice effect 

during repeated administration. 

The ceiling effect observed in the present study may be due to administering the word 

lists at comfortable suprathreshold listening levels in quiet conditions among individuals with 

normal hearing sensitivity, where the highest Speech Identification Score is expected. Similar 

observations have been reported in previous PB word list development studies, in which 

normal-hearing individuals showed near-perfect speech identification scores at supra-

threshold presentation levels in quiet (Chinnaraj et al., 2022; Manjula et al., 2015; Wang et 

al., 2007). Hence, variability in scores may become minimal under ideal listening conditions. 

Therefore, several studies assessed speech perception under more challenging listening 

conditions, such as varying sensation levels or the speech-in-noise paradigm, to better 

evaluate list equivalency and sensitivity (Nilsson et al., 1994; Wilson et al., 2008). 

5.4 Effect of Signal-to-Noise Ratio (SNR) on Speech Identification Scores Across Word 

Lists 

Speech Identification Scores obtained at different SNRs were analysed across the six 

developed word lists to determine the equivalency of the lists. As reported in the literature 

and as expected, the SIS scores reduced in the presence of noise compared to the quiet 

condition (Hornsby & Ricketts, 2001). The present study reveals that there was no significant 

difference across the lists at -2 dB and -6 dB SNR, whereas a significant difference was noted 

across lists at 0 dB and -4 dB SNR. Nevertheless, the Kendall’s coefficient of concordance 

shows only small effect sizes across the significant list pairs, suggesting negligible variability 

across the lists. Detailed observation of the descriptive data revealed that the differences 

between the lists were within ±1 word, reflecting a small effect size. Hence, the difference of 
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±1 word performance across word lists is still considered comparable (Wilson et al., 2008). 

Similar findings were also noted by Wilson et al. (2008), who compared PB 50, CID W-22, 

and NU-6 word materials presented at -7, -2, +3, and +8 dB SNRs and found equivalent 

recognition performance across different word lists, with only minimal inter-list differences. 

In the quiet-listening condition, most participants demonstrated ceiling performance, 

resulting in minimal variability in speech identification scores across individuals and word 

lists. Gifford et al. (2008) reported that such ceiling effects in speech recognition materials 

may influence performance across test materials and reduce the sensitivity of statistical 

comparisons. Therefore, multiple studies have demonstrated the importance of evaluating 

performance under degraded listening conditions with varying SNRs, as these conditions 

provide more realistic and sensitive measures of speech perception ability (Billings et al., 

2016; Le Prell & Brungart, 2016; Nilsson et al., 1994). Le Prell and Brungart (2016) further 

reported that suprathreshold speech-in-noise measures may be more sensitive than traditional 

quiet-listening measures in identifying subtle auditory difficulties. Thus, in the present study, 

assessing performance across different SNR conditions revealed greater variability in speech 

perception and provided a more sensitive, statistically robust measure for evaluating the 

homogeneity and equivalence of the developed Malayalam PB word lists. 

A study done by Manjula et al. (2015) on the development of PB word list in Kannada 

revealed that most word lists were equivalent in noise, whereas few showed significant 

differences and were excluded. Hagerman (1984) developed standardized speech materials in 

noise and reported that equivalent sentence lists with similar spectral characteristics and 

difficulty levels are essential for reliable speech reception threshold measurements in noise. 

The minimal differences noted across list pairs at 0 dB and -4 dB SNR conditions in 

the present study could be attributed to phoneme confusions under moderately challenging 

conditions. Speech-in-noise studies demonstrated that speech recognition performance may 
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vary depending on factors such as presentation level, speech material characteristics, and 

SNR condition (Plomp, 1986; Wilson et al., 2008).   

5.5 SNR-50 Comparison Across Word Lists 

The SNR-50 values across the six developed Malayalam PB word lists were 

compared to examine the equivalency of the lists in speech perception under noisy listening 

conditions. The present study demonstrated no statistically significant differences in SNR-50 

values across the developed word lists, supporting their relative equivalency and 

interchangeability for speech-in-noise assessment. The derived SNR-50 was around -4 dB, 

indicating that approximately 50% speech identification was achieved at this listening 

condition. 

Unlike the absolute speech identification score obtained at different sensation levels, 

SNR-50 is considered a more sensitive and statistically robust measure for evaluating the 

word list equivalency. Nilsson et al. (1994) demonstrated that percentage intelligibility 

measures obtained at fixed presentation levels are often affected by floor and ceiling effects 

and emphasised that SNR-50 reflects the signal-to-noise ratio required to achieve 50% speech 

identification performance and is derived from the psychometric function across multiple 

listening conditions. Thus, as SNR-50 captures performance across different listening 

conditions rather than at a single intensity level, it may provide a more sensitive measure for 

evaluating the equivalency and homogeneity of the developed word lists (Nielsen & Dau, 

2009). 

 Reynard et al. (2022) claimed that speech-in-noise testing is clinically important, as 

speech understanding difficulties in background noise are common complaints reported by 

individuals during audiological evaluation. 

The absence of significant differences in SNR-50 across the developed Malayalam PB 

word lists implies consistent difficulty with noise and reveals equivalency in speech-in-noise 
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performance.  Similar findings were reported in the study by Manjula et al. (2015), who noted 

that a 50% score was obtained at an SNR slightly above -3 dB and reported that most of the 

developed word lists showed equivalent performance, whereas only a few listed demonstrated 

significant differences. These observations are comparable to the present study findings, 

where approximately 50% was observed around – 4 dB SNR.  Hence, these results revealed 

that developed Malayalam PB word lists can be used for speech audiometry for adults in 

noise conditions during routine evaluation. 

The present findings are also comparable with other speech-in-noise studies. Leclercq 

et al. (2018) reported minimal variability in SNR-50 values across the three French VRB test 

(Rapid speech in noise) lists using sentence-based speech-in-noise materials, suggesting 

homogeneity and sensitivity of the speech stimuli. 

Differences in exact SNR-50 values across studies should be interpreted cautiously 

because variations in speech materials, testing procedures, and noise conditions may 

influence speech perception performance. Manjula et al. (2015) reported that sentence 

materials contain contextual cues and linguistic redundancy, whereas word lists provide 

comparatively less redundancy. Such differences in speech material characteristics may 

influence speech identification performance in noise. 

To conclude, the developed lists demonstrated consistent psychometric characteristics 

across SNR conditions. They can be used for clinical speech audiometry, hearing aid 

evaluation, auditory rehabilitation, and research applications among Malayalam-speaking 

individuals. 

5.6 Psychometric Analysis of SIS at Different Sensation Levels (SLs) 

 A Performance-Intensity Phonemically Balanced (PI-PB) function was established 

across different sensation levels, and the present study revealed a gradual increase in the 

speech identification score with increasing intensity, with 0% at 0 dB SL and 100% above 30 
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dB SL. The obtained PI-PB functions showed similar psychometric properties across the 

developed word lists, indicating comparable audibility and difficulty levels.  

The PI-PB function was established to assess the speech identification performance 

across different sensation levels (Boothroyd, 2008). Therefore, assessment across multiple 

intensity levels helps evaluate whether the lists exhibit the expected psychometric growth in 

speech identification performance with increasing intensity (Najem & Marie, 2021). Similar 

PI-PB functions across the developed word lists indicate homogeneity in difficulty and 

comparable auditory performance characteristics (Nissen et al., 2011). Furthermore, PI-PB 

analysis provides clinically relevant information on the optimal presentation level and overall 

performance of the recorded speech material in normal-hearing listeners.  

 Dirks et al. (1977) reported that PI-PB functions are clinically useful for evaluating 

speech recognition characteristics and changes in performance across intensity levels. The 

findings of the study are consistent with several previous studies in the development of PB 

word lists. Wang et al. (2007), during the development of Mandarin disyllabic speech 

audiometry materials, evaluated PI functions to establish the reliability and validity of the 

developed word lists and reported sufficient equivalency across lists. Chinnaraj et al. (2022) 

and Manjula et al. (2015) reported, during the development and standardisation of Tamil and 

Kannada PB word lists, that Speech Identification Scores increased progressively from 10 dB 

SL to 40 dB SL across all lists, indicating homogeneity in difficulty and audibility among the 

developed materials. Both studies demonstrated plateau performance above 30 dB SL. 

Comparable findings were reported by Najem and Marie (2021) in the development of Arabic 

PB wordlists, where no significant improvement was observed above 40 dB SL. In the 

present study, a plateau in SIS is observed above 30 dB SL, indicating that the developed 

word lists achieved maximum intelligibility at comfortable suprathreshold listening levels in 

individuals with normal hearing sensitivity.  
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The comparable PI-PB functions observed across the developed Malayalam PB word 

lists further support the homogeneity and equivalency of the developed materials. Similarly, 

Nissen et al. (2011) highlighted that psychometrically equivalent speech materials should 

possess comparable audibility characteristics and psychometric slopes across the lists.  

5.7 Reliability  

5.7.1 Test-Retest Reliability  

Test-retest reliability was evaluated to assess the consistency and temporal stability of 

the developed Malayalam PB word list across repeated administrations. Reliability across 

sessions is important in speech audiometry, as it ensures Speech Identification Scores 

obtained are reproducible and are not influenced by random variations in listener 

performance or testing conditions (Ostergard, 1983).  

In the present study, excellent test-retest reliability was observed across most listening 

conditions and lists, with perfect agreement between test and retest administrations. In a few 

listening conditions, moderate reliability was observed (ICC=0.60-0.67), indicating 

acceptable consistency across sessions. Similarly, Cheoy et al. (2021), during the 

development of the Mandarin Nonsense Word Identification test, reported an ICC score of 

0.75-0.87 across repeated administrations, which indicates good test-retest reliability. 

Likewise, Noor and Arif (2018), in the development of the Urdu speech perception test, 

reported a significant test-retest value of 0.881, suggesting good consistency across sessions. 

Therefore, the findings of the present study revealed that developed Malayalam PB word lists 

demonstrated good temporal stability and consistency across repeated administration.  

5.7.2 Inter-Judge Reliability  

Inter-judge reliability was assessed to demonstrate the consistency of scoring across 

judges. Although the developed Malayalam PB word lists were presented using recorded 

speech materials, the speech identification scores were scored subjectively from listener 
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responses. Hence, assessment of inter-judge reliability was important to confirm that the 

observed scores were consistent across examiners and were not influenced by scorer bias. 

In the present study, the percentage agreement between two judges ranged from 80% 

to 100%, suggesting excellent inter-judge consistency across listening conditions and 

wordlists. Percentage agreement was considered, as Cronbach’s alpha and ICC could not be 

reliably estimated for several conditions due to constant or insufficient score variability.  

Noor and Arif (2018) reported an inter-scorer reliability value of 0.598 during the 

development of the Urdu speech perception test, indicating acceptable agreement across 

scorers. Similarly, Hennig et al. (2018), while developing and validating disyllabic word lists, 

reported satisfactory evidence of reliability for the developed recorded speech materials. 

Therefore, the findings of the present study suggest that the developed Malayalam PB word 

lists provide consistent scoring across different examiners. 

5.8 Clinical Implications  

The findings of the present study reveal that the developed Malayalam PB wordlists 

can be used effectively for routine speech identification testing in both quiet and noise 

conditions among native Malayalam speakers. The developed word lists exhibited good 

equivalency, homogeneity, psychometric properties and reliability across listening 

conditions. Hence, it suggests their potential usefulness in routine speech audiometry testing, 

assessing the efficacy of different interventions and rehabilitation programs, evaluating the 

outcomes of amplification devices such as hearing aids, cochlear implants, and FM systems, 

and in research applications requiring multiple equivalent lists.  

5.9 Limitations and Future Directions  

 The present study has some limitations that should be considered when interpreting 

the findings. The study included 40 individuals with normal hearing sensitivity, a relatively 

small sample. In addition, the developed word-lists were not validated in individuals with 
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hearing impairment. Further, the test-retest reliability was evaluated on a relatively small 

sample. Moreover, the SNR-50 was estimated through interpolation between adjacent SNR 

conditions rather than measuring the exact 50% Speech Identification Score. Further studies 

can focus on the clinical validation of the developed Malayalam PB word lists in individuals 

with varying degrees of hearing loss, individuals with central auditory processing disorders, 

and older adults with and without hearing loss. Further research can also evaluate the 

usefulness of the developed lists for hearing aid and cochlear implant outcome measures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

CHAPTER 6 

SUMMARY AND CONCLUSION 

Speech audiometry plays an important role in assessing speech perception in 

individuals with hearing impairment (Noor & Arif, 2018). It is essential to use standardized 

speech material in the native language for reliable evaluation of speech identification abilities 

(Lehiste & Peterson, 1959; Vainutienė et al., 2024). Although several speech audiometry 

materials are available in different Indian languages, standardised, psychometrically validated 

Malayalam phonemically balanced word lists are limited. The existing Malayalam PB word 

lists are restricted in number and lack detailed psychometric validation (Narne et al., 2024). 

Therefore, there was a need to develop multiple bi-syllabic Malayalam PB word lists that are 

familiar, culturally appropriate, acoustically comparable and clinically applicable for speech 

audiometry evaluation. 

The present study aimed to develop and standardize phonemically balanced bisyllabic 

Malayalam word lists for evaluating speech identification scores in adults with normal 

hearing sensitivity and to assess the homogeneity of audibility across the developed word 

lists. The study was carried out in different phases, including the development of 

phonemically balanced word lists in Malayalam, assessment of homogeneity in audibility, 

standardisation of the word lists, and measurement of reliability. 

Initially, a pool of 1000 bisyllabic Malayalam words was collected from various 

sources. The collected words were rated for familiarity on a five-point scale by 15 native 

Malayalam speakers from diverse educational and socioeconomic backgrounds. Internal 

consistency analysis revealed good agreement among raters (Cronbach’s α =0.79). Words 

with a mean familiarity score of ≥ 4 and a standard deviation of ≤ 1 were retained. Further, 

the Friedman test revealed no significant difference in familiarity rating across the developed 

lists (χ² (5) = 5.96, p = .31). 
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The selected words were then subjected to content validation by experts from 

different fields. The experts further rated the words for familiarity, cultural and emotional 

appropriateness, linguistic relevance and relevance to speech audiometric evaluation. The 

domain-wise CVI values were 0.95 for familiarity, 0.94 for cultural and emotional 

appropriateness, 1.00 for relevance to speech audiometry and 0.94 for linguistic relevance. 

These findings indicated a high level of expert agreement regarding the suitability and 

appropriateness of the selected words for speech audiometric assessment. 

Following familiarity rating and content validation, six phonemically balanced word 

lists containing 25 words each were prepared. Phonemic balancing was done based on the 

frequency of occurrence of Malayalam phonemes reported by Sreedevi and Irfana (2013). 

The recorded words were then edited and normalised using Adobe Audition software. The 

word lists were then subjected to acoustic analysis using spectral centroid frequency 

estimation through a custom MATLAB program. The Friedman test revealed no significant 

difference in centroid frequencies across the six developed word lists (χ2(5) = 6.371, p = 

0.27), suggesting comparable spectral energy distribution across the lists.  

The word lists were administered to 40 native Malayalam-speaking adults with 

normal hearing sensitivity to standardise the lists. Speech identification scores obtained in the 

quiet were analysed across the six developed Malayalam PB word lists. The result showed no 

statistically significant differences in scores across the six lists in quiet conditions (χ² (5) = 

2.40, p = 0.79). The grand mean SIS across the lists was 99.48%, indicating equivalence in 

difficulty under quiet conditions. 

Speech identification performance was further assessed under different signal-to-noise 

ratio conditions, including 0 dB, -2 dB, -4 dB, and -6 dB SNR. Significant differences were 

observed only at 0 dB SNR (χ² (5) = 33.07, p < .001, Kendall’s W = .165) and -4 dB SNR (χ² 

(5) = 13.01, p = .023, Kendall’s W = .065). However, the observed effect sizes were small, 
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and differences between lists were negligible (approximately ±1 word). No significant 

differences were observed at -2 dB SNR (χ² (5) = 8.81, p = .117) and -6 dB SNR (χ² (5) = 

7.61, p = .179), indicating overall homogeneity of performance across listening conditions. 

SNR-50 values were estimated across the six developed Malayalam PB word lists to 

reduce floor and ceiling effects during test administration. The findings demonstrated no 

statistically significant difference in SNR-50 values across the developed lists (χ² (5) = 10.42, 

p = .062). Approximately 50% speech identification was observed at -4 dB SNR across the 

lists, suggesting comparable speech perception performance in noise. 

Further, the six developed word lists were presented to 10 participants across different 

sensation levels (0 dB, 10 dB, 20 dB, 30 dB, and 40 dB SL) to establish PI-PB functions. 

Friedman test revealed a statistically significant effect of sensation level on speech 

identification scores (χ² (4) = 40.00, p < .001), with a large effect size (Kendall’s W=1.00). 

The result revealed a gradual increase in speech identification performance with increasing 

sensation levels, ranging approximately 0% at 0 dB SL to 100% above 30 dB SL. 

Comparable PI-PB functions were observed across the developed word lists, indicating 

similar psychometric characteristics and audibility. 

The reliability of the developed word lists was assessed using test-retest and inter-

judge reliability measures. Test-retest reliability demonstrated excellent temporal stability 

with an intraclass correlation coefficient (ICC) value ranging from 0.60 to 1.00 and 

Cronbach’s alpha (α) values ranging from 0.75 to 1.00 across listening conditions. Inter-judge 

reliability showed excellent agreement, with percentage agreement ranging from 80% to 

100% 

In conclusion, the present study highlighted that the developed Malayalam PB word 

lists were familiar, culturally appropriate, acoustically comparable, and homogenous in 

difficulty across the different conditions. Moreover, the developed lists demonstrated good 
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psychometric characteristics and high reliability across repeated administrations. Hence, the 

developed Malayalam PB word lists can be used for speech identification testing in quiet and 

noise conditions among native Malayalam-speaking adults. 
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ഒപ്പം /oppam/ നമ്മൾ /nammaɭ/ വെട്ടം /ʋeʈʈam/ 
വെളി /tʃeɭi/ കാറ് /kaːrə/ കാറ്റ് /kaːt t ə/ 
തള്ള് /t̪aɭɭə/ തതടി /t̪eːɖi/ വ ാട്ടി /poʈʈi/ 
 ാട്ട് /paːʈʈə/ തൊറ് /tʃoːrə/ വെമ്മീൻ /tʃemmiːn/ 
ശാസ്ത്തം /ʃaːst̪ram/  ീലി /piːli/ തകാട്ട /koːʈʈa/ 
കരി /kaɾi/ കാട് /kaːɖə/ ദൂരം /d̪uːɾam/ 
 ടി /paɖi/ യാ്ത /jaːt̪ɾa/ നാവള /naːɭe/ 
കഞ്ഞി /kaɲɲi/ സർപ്പം /sarppam/ സാമ്പാർ /saːmpaːr/ 
ഓട് /oːɖə/ നിങ്ങൾ /niŋŋaɭ/ കുട്ടി /kuʈʈi/ 
വതാലി /t̪oli/ ഗുരു /ɡuɾu/  ുളി /puɭi/ 
ൊനം /ʋaːnam/ വതക്ക് /t̪ekkə/ െർഗം /ʋarɡam/ 
തതച്ചു /t̪eːt͡ʃt͡ʃu/  ുഴു /puɻu/ വതാണ്ട /t̪oɳɖa/ 
എന്നാൽ /ennaːl/ തെട്ട /ʋeːʈʈa/ കൂജ /kuːdʒa/ 
വനലല് /n̪ellə/ ഊഞ്ഞാൽ /uːɲɲaːl/ തന്നു /t̪an̪n̪u/ 
കുട്ട /kuʈʈa/ കഷ്ടം  /kəʂʈam/  ിന്നിൽ /pin̪n̪il/ 
ൊട്ടം /ʋaːʈʈam/  ക്ഷി /pakʂi/ തതാണി /t̪oːɳi/ 
കുപ്പി /kuppi/ തദാശ /d̪oːʃa/ കല /kala/ 
തീർന്നു /t̪iːrn̪n̪u/ ഭാരം /bʱaːɾam/  ന്ത് /pan̪t̪ə/ 
കറി /kəri/ െിട്ട /tʃiʈʈa/ ൊയ /tʃaːja/ 
എണ്ണ /eɳɳa/ വതാട്ടു /t̪oʈʈu/ കലല് /kallə/ 
കായ /kaːja/ വനലലി /nelli/ തയ്യൽ /t̪ajjal/ 
നൂറ് /n̪uːrə/ താതക്കാൽ /t̪aːkkoːl/ ഏവറ /eːre/ 
െഴി /ʋaɻi/ െനം /ʋənam/ െിഷു /ʋiʂu/ 
തകാട്ടം /koːʈʈam/ കെി /kaʋi/ നാട് /n̪aːɖə/ 
തതങ്ങ /t̪eːŋŋa/ വനയ്യ് /nejjə/ തതക്ക് /t̪eːkkə/ 

 

LIST 4 LIST 5 LIST 6 

നട്ടു /naʈʈu/ നാണം /naːɳam/ നിറം /niram/ 
തൊളം /tʃoːɭam/ കത്ത് /kat̪t̪ə/  ൂജയം /puːdʒjam/ 
എട്ട് /eʈʈə/ ൊശി /ʋaːʃi/ എലല് /ellə/ 
കമ്മൽ /kammal/ കനൽ /kanal/ വ ട്ടി /peʈʈi/ 
തൂക്കം /t̪uːkkam/  ുക /puka/ ഭാഷ /bʱaːʂa/ 
വൊവ്വ /tʃoʋʋa/ എതപ്പാൾ /eppoːɭ/ െിങ്ങം /tʃiŋŋam/ 
എ്ത /et̪ɾa/ തരഖ /ɾeːkʰa/ താങ്കൾ /t̪aːŋkəɭ/ 
നാവ് /naːʋə/ കുരു /kuɾu/ മഞ്ഞൾ /maɲɲaɭ/ 
ഞായർ /ɲaːjar/ ഞങ്ങൾ /ɲaŋŋaɭ/ തട്ടം /t̪aʈʈam/ 
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എങ്കിൽ /eŋkil/ െൂല് /tʃuːlə/ ശീലം /ʃiːlam/ 
താടി /t̪aːɖi/ തലല് /t̪allə/ കുളിർ /kuɭir/ 
ൊയു 

 
/ʋaːju/ ഉയിർ /ujir/ സൂരയൻ /suːɾjan/ 

വ ാങ്ങി /poŋŋi/ വെട്ടി /ʋeʈʈi/ വകണി /keɳi/ 
വതറ്റ് /t̪et t ə/ വകാള്ള /koɭɭa/ ഓട്ട /oːʈʈa/ 
കണ്ണീർ /kaɳɳiːr/ െട്ടം /ʋaʈʈam/ കാെൽ /kaːʋal/ 
സാധു /saːd̪ʱu/  ാലം /paːlam/ തെര് /ʋeːɾə/ 
മുട്ട /muʈʈa/ സൂെി /suːtʃi/ തുക /t̪uka/ 
ത ര് /peːɾə/ തതാന്നി /t̪oːnni/ നൂല് /n̪uːlə/ 
തമഘം /meːɡʱam/ എത്തി /et̪t̪i/ ൊതിൽ /ʋaːt̪il/ 
 ൂട്ടി /puːʈʈi/  ുട്ട് /puʈʈə/ രീതി /ɾiːt̪i/ 
തനാക്കി /noːkki/ തനട്ടം /neːʈʈam/ കപ്പ് /kappə/ 
 ശു /paʃu/ നാല് /naːlə/ എന്വറ /ent e/ 
താരൻ /t̪aːɾan/ താവഴ /t̪aːɻe/ കട്ടൻ /kaʈʈan/ 
 ാടി /paːɖi/ കീരി /kiːɾi/  ാറ /paːra/ 
ജിലല /dʒilla/ ദാഹം /d̪aːɦam/ െുക്ക് /tʃukkə/ 

 

 

 

 

 

 

 

 

 

 

 

 


