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ABSTRACT

Background: Central Auditory Processing Disorder [(C)APD] refers to deficits in the neural
processing of auditory information within the central auditory nervous system (CANS),
different from peripheral hearing loss. Among the core auditory skills affected in (C)APD,
binaural separation — the ability to attend selectively to one ear while ignoring a competing
signal in the other ear — is clinically significant and is commonly assessed using the
Competing Sentence Test (CST). Existing versions of the CST, however, were developed and
standardised for English-speaking populations and are not linguistically or culturally
suitable for Hindi-speaking children. Hindi follows a Subject—Object—Verb (SOV)
grammatical structure, which differs fundamentally from the Subject—Verb—Object (SVO)

structure of English, leading to direct translation being invalid.

Aim: The primary aim of the present study was to develop and validate the Competing
Sentence Test in Hindi (CST-H) and to establish age-specific test-scoring data for assessing
binaural separation skills in typically developing, native Hindi-speaking children aged 8 to

11 years.

Method: The study was conducted in two phases. In Phase I, 125 sentence pairs were
developed using grammatically and semantically natural Hindi sentences, controlled for
length, syntactic complexity and lexical familiarity. Content validity was established through
expert review by 3 native Hindi-speaking primary school teachers and 5 children who did not
participate in the second phase of the study, providing a shortlist of 70 sentence pairs.
Sentences were recorded by a male native Hindi speaker using a Behringer B2 Pro studio
microphone, edited and normalised in Adobe Audition at 44.1 kHz and 24-bit resolution.
Audiologist validation of recorded sentences on a 5-point Likert scale reduced the set to 41

pairs, from which a final set of 35 sentence pairs was selected for the CST-H. Keywords were



identified by a native Hindi-speaking primary school teacher. Stimulus presentation was
automated using MATLAB R2014b platform at a target-to-competing sentence ratio of —15

dB.

In Phase 11, 40 typically developing, right-handed, native Hindi-speaking children
were recruited from a mainstream school in Bhopal, Madhya Pradesh, and assigned to four
age groups of 10 participants each (8-8.11, 9-9.11, 10—10.11, and 11-11.11 years). All
participants exhibited normal peripheral hearing sensitivity (pure-tone averages <20 dB HL)
and passed the Screening Checklist for Auditory Processing (SCAP). The CST-H was
administered dichotically through calibrated Sony WH-CH720n headphones via MATLAB,
with the target sentence presented at 35 dB SL and the competing sentence at 50 dB SL (Ref:
SRT). Scoring was based on the correct repetition of pre-identified keywords (up to 30 per
ear). Test-retest reliability was assessed in a subgroup of 20 participants after a 10-day
interval. Nonparametric statistical procedures (Kruskal-Wallis and Wilcoxon signed-rank
tests; Spearman rank-order correlation) were applied in SPSS v26, given predominantly non-

normal score distributions confirmed by Shapiro—Wilk testing of normality.

Results: Right-ear (RE) scores ranged from a group mean of 25.30 (SD = 0.68) in Group 1
(8-8.11 years) to 29.20 (SD = 0.79) in Group 4 (11-11.11 years), while left-ear (LE) scores
increased from 24.00 (SD = 0.67) to 28.10 (SD = 0.88) over the same group range,
respectively. Kruskal-Wallis tests revealed statistically significant age-related differences for
both RE (p <.001) and LE (p < .001) scores, with the most pronounced improvement
observed between the Group I and Group 4 through post hoc Dunn’s test for both ear scores
(p <.001). Wilcoxon signed-rank tests confirmed a statistically significant right-ear
advantage (REA) across all four age groups (all p < .05), with higher right-ear scores. Test-
retest reliability was excellent for both the right ear (r; = .866, p < .001) and left ear (r; =

870, p < .001).



Vi

Conclusion: The CST-H demonstrated satisfactory psychometric properties, providing age-
differentiated, ear-asymmetric test scoring data with excellent test-retest reliability. The age-
specific £2 standard deviation (SD) test score ranges provide the cut-off scores for
identifying binaural separation deficits in Hindi-speaking children, thereby supporting the
differential diagnosis of (C)APD in this population. The consistent REA observed across all
age groups is consistent with established models of left-hemisphere dominance for speech

processing and the developmental maturation of the CANS.



CHAPTER1

INTRODUCTION

Hearing is one of the most fundamental senses through which humans interact with
their environment. From the moment sound enters the ear canal until it is perceived as
meaningful speech or music, a highly complex biological process unfolds across multiple
levels of the auditory system (Kunchur, 2023). The peripheral hearing mechanism —
comprising the outer, middle, and inner ear — is responsible for detecting and transforming
acoustic energy into neural signals. But detection alone is not perception. For sound to
acquire meaning, those neural signals must travel through and be interpreted by a highly
organised network of subcortical and cortical structures known as the central auditory

nervous system (CANS) (Kunchur, 2023).

The CANS processes a range of complex perceptual functions that extend beyond
simple sound detection. These include sound localisation, auditory discrimination, pattern
recognition, and the temporal processing of auditory signals — including temporal resolution,
masking, integration, and ordering (ASHA, 2005). In addition, this also supports speech
understanding in degraded or challenging listening conditions, such as noisy environments or
distorted acoustic signals (Musiek, 1983). This central auditory processing ability allows
efficient communication in a noisy environment, focused attention to the target message, and
recognition of familiar auditory patterns even in background interference (Pinheiro &

Musiek, 1985).

When these central processes are impaired— even in individuals whose peripheral
hearing is completely within normal limits — significant and often pronounced auditory

processing difficulties may arise. This impairment in central auditory processing of auditory



information is referred to as (Central) Auditory Processing Disorder, or (C)APD. Unlike
peripheral hearing loss, which primarily affects the detection of sound, (C)APD involves
deficits in auditory processing, where the peripheral hearing system may function normally,
but the central auditory nervous system has difficulty efficiently processing and interpreting
the auditory information received (Musiek & Chermak, 2014).

The American Speech-Language-Hearing Association (2005) defines (C)APD as
deficits in the neural processing of auditory information in the CANS that are not attributable
to higher-order language or cognitive factors. Clinically, the diagnosis requires poor
performance in one or more of the following domains: sound localisation and lateralisation,
auditory discrimination, auditory pattern recognition, temporal aspects of audition (including
temporal resolution, masking, integration, and ordering), auditory performance with
competing acoustic signals, and auditory performance with degraded acoustic signals. This
definition position (C)APD clearly within the auditory domain while recognising the
complexity of separating it from co-occurring cognitive and linguistic difficulties.

While (C)APD affects many auditory functions, binaural processing is central to both its
clinical and neurobiological impact. It generally refers to the brain's ability to combine and
compare signals arriving from both ears.

Binaural integration refers to central auditory nervous system’s ability to processes
signals presented to each ear simultaneously. In the dichotic listening tasks, participants have
to focus sounds coming from both ears (Bellis, 2003). Neuroanatomically, this process is
closely associated with the Superior Olivary Complex (SOC), where inputs from both ears
converge to enable effective binaural hearing (Zhang et al., 2023).

Binaural separation, in contrast, is the ability of CANS to discriminate and attend
selectively to one of two different signals delivered at the same time to each ear (Ohta et al.,

1967). The SOC plays a Critical role in processing the interaural time differences (ITD) and



interaural level differences (ILD) that support binaural separation (Ozmeral & Higgins,
2022).

Among the two processes binaural interaction refers to the broader neural process by
which signals from both ears are combined as they ascend through the auditory pathway,
contributing to the perception of spatial location and the detection of signals against
background interference (Blauert & Butler, 1985; Durlach et al., 1981). This interaction
occurs at multiple levels of the brainstem, including the SOC, the nuclei of the lateral
lemniscus, and the inferior colliculus (Moore, 1991).

Sound localisation and lateralisation represent important aspects of binaural processing.
Sound localisation refers to the ability to determine the position of a sound source in external
space based on its direction and distance, whereas lateralisation refers to the perception of a
sound source within the head, which is commonly experienced during earphone listening
(Carlini et al., 2024). The medial superior olive (MSO) and lateral superior olive (LSO) play
major roles in sound localisation, while lateralisation has been associated with Heschl's gyrus
and the primary auditory cortex, particularly in the left hemisphere (Tollin, 2003).

Given the important role of binaural processing in everyday communication,
problems or difficulties in these abilities can substantially affect academic performance,
communication, and listening in challenging environments, particularly in children.
Difficulties in binaural separation and integration are commonly observed in individuals with
(C)APD and are often frequently assessed using dichotic listening tasks, which are
considered sensitive measures of central auditory functioning (Musiek & Chermak, 2014).
However, accurate identification of such deficits requires linguistically and culturally
appropriate assessment tools along with the availability of age-specific normative data. In
multilingual contexts such as India, the availability of standardised dichotic tests in regional

languages is limited, which can affect accurate diagnosis and clinical interpretation in



paediatric populations. These limitations emphasise the need to develop and standardise

culturally relevant assessment tools for Hindi-speaking children.

1.1 Need for the study

The present study addresses the limited availability of standardised dichotic listening
tools in India, particularly for Hindi-speaking children. Therefore, there is a need for
assessment tools that are both linguistically appropriate and relevant to the target Hindi
population to address the cultural-linguistic differences, and age-related language

development can also influence test performance

1.1.1 Lack of Standardised Tools in India

The practice of audiology in India faces significant challenges due to its broad
linguistic diversity. The nation has 22 officially recognised languages, which include
hundreds of dialects (Bantwal, 2011). As a result, clinicians often find it difficult to access
linguistically and culturally appropriate tools. This gap affects the reliability and accuracy of
(C)APD diagnosis in many individuals.

Currently available diagnostic materials, such as the Competing Sentence Test (CST),
originally developed for English-speaking populations, may not be clinically appropriate or
psychometrically valid for use with Hindi-speaking children. (Bantwal, 2011). The continued
reliance on such foreign assessment materials may result in inconsistent diagnostic practices.
Clinicians often differ considerably in their approaches to assessing (C)APD. A survey by
Swetha et al. in 2024, conducted among audiologists in Kerala revealed that although many
professionals screened children for (C)APD, only a small number used standardised
assessment tools, with most depending on non-standardised speech-in-noise tests. Together,
these issues emphasise the urgent need for validated, standardised, culturally relevant

assessment tools for Indian populations.



1.1.2 Linguistic and Cultural Factors

The linguistic differences between English and Hindi limit the validity of English
CSTs when used with Indian children. The formation of sentences following Subject-Verb-
Object (SVO) word order in English creates a huge difference in the way competing auditory
messages interfere with target sentences during dichotic listening tasks in the Hindi
population that follows a Subject-Object-Verb (SOV) structure (Rhythm et al., 2024).
Therefore, there is a need to develop a Hindi CST using sentences that are grammatically and
semantically natural in Hindi to ensure appropriate psychometric validity.

Cultural familiarity plays an important role in test performance; sentences developed
for Western children may include words, contexts, and semantic categories that are not
appropriate for the Indian context. The lack of ecological validity can negatively influence
performance and may lead to unnecessarily high rates of (C)APD diagnosis in children whose
difficulties arise primarily from cultural unfamiliarity rather than true auditory processing
deficit (Grebenyuk et al., 2025).

Therefore, developing a Hindi CST involves much more than simply translating
existing test materials. Researchers must develop assessment tools that are culturally relevant,
ecologically valid, and linguistically appropriate for India's largest language-speaking

population.

1.1.3 Age-Specific Auditory Development

Auditory pathways continue to mature throughout childhood and into adolescence.
Neuromaturation processes such as myelination and synaptic pruning improve the efficiency
of auditory and language networks over time (Devous et al., 2006). Research has shown that
although the primary auditory cortex reaches functional maturity by around 7 years of age,
higher-order areas such as Wernicke's area and the angular gyrus continue to mature into the

teenage years (Corbin et al., 2016).



The ongoing maturation influences performance on tasks such as the CST, which
evaluate binaural separation. These auditory skills continue to develop until approximately 12
years of age, with adult-like performance typically observed between 13-14 years (Corbin et
al., 2016). Studies have also reported that younger children aged 8-9 years perform more
poorly than older children aged 11-12 years on CST-related tasks (Rhythm et al., 2024).

These findings highlight the importance of establishing age-specific normative data
for the CST-H. In the absence of such norms, younger children may be incorrectly identified
as having auditory processing difficulties, while older children with genuine deficits may be
overlooked. Therefore, a Hindi CST should include developmentally stratified normative data

to support accurate diagnosis of (C)APD during childhood.

1.2 Aim of the Study
The primary aim of the present study was to develop and validate the Competing
Sentence Test in Hindi (CST-H) and to establish age-specific test scores for assessing

binaural separation abilities in typically developing Hindi-speaking children.

1.3 Objectives of the Study
The specific objectives of the study include:
1. To develop 35 pairs of Hindi sentences suitable for children between 8 and 11 years of
age.
2. To record the sentence stimuli and validate them for content accuracy as well as sound
quality.
3. To develop a standardised procedure for administering and scoring the CST-H using a
MATLAB-based platform.
4. To establish age-specific test scoring data for developed CST-H in children aged 8 to

11 years.



5. To examine the test-retest reliability of the developed CST-H.



CHAPTER II

REVIEW OF LITERATURE

(Central) Auditory Processing Disorder [(C)APD] represents a significant challenge
within audiology, impacting an individual's academic success, language acquisition, and
social communication (Willeford & Burleigh, 1994). The American Speech-Language-
Hearing Association (ASHA) defines (C)APD as a deficit in the neural processing of auditory
information within the central auditory nervous system (CANS) that is not attributable to

higher-order cognitive, language, or related deficits (ASHA 2005 CAPD Statement, n.d.).

Individuals with (C)APD, despite having normal peripheral hearing sensitivity, often
experience significant difficulty understanding speech, particularly in acoustically
challenging environments such as noisy classrooms or reverberant spaces. Although the
clinical impact of (C)APD is widely accepted, the diagnosis remains one of the most debated
topics in the field, complicated by methodological inconsistencies and theoretical

disagreements (Ismen & Emanuel, 2023).

2.1 Limitations of Peripheral and Functional Hearing Assessments

Pure Tone Audiometry (PTA) is one of the important tests for evaluating peripheral
hearing loss, which measures an individual's sensitivity to simple, frequency-specific tones.
While PTA is essential for identifying hearing loss originating in the outer, middle, or inner
ear, it provides limited insight into how the brain processes sound (Hodgson, 1967). He
reported on a patient with an entire cerebral hemisphere surgically removed who presented
with normal pure-tone thresholds. This case demonstrates that a normal audiogram does not
rule out central auditory processing disorders. It highlights the need for additional

behavioural and electrophysiological tests.



We can understand this diagnostic limitation of PTA through the complex interaction
between bottom-up and top-down auditory processing. As Bottom-up processing refers to
the sensory-driven encoding of physical and acoustic properties of a signal, such as
frequency, intensity and timing, within the CANS (Moore, 2012). Top-down processing, by
contrast, involves higher-order cognitive functions, including working memory, attention,
and linguistic expectations, which are used to interpret degraded auditory information
(Moore, 2012). As PTA measures bottom-up detection of sounds, it cannot account for the
brain's processing of auditory information after detection. Further Speech-in-noise tests were
developed to address top-down processing demands. It offers a more ecologically valid
measure of listening ability, but such tests, when used in isolation, lack the sensitivity and
specificity for a definitive (C)APD diagnosis (Ismen & Emanuel, 2023). This discrepancy
required a shift toward assessment tools specifically developed to evaluate the integrity of

central auditory mechanisms.

2.2 Defining (C)APD and its Diagnostic Challenges

The core diagnostic challenge lies in (C)APD’s inherent complexity and persistent
difficulties in assessing it. There is a lack of a single accepted test battery that everyone
agrees on, which leads to variability in diagnostic practices across clinics and research centres
worldwide (Gitto et al., 2025). (C)APD characteristics look a lot like other
neurodevelopmental disorders- specifically, Attention-Deficit/Hyperactivity Disorder
(ADHD), Specific Language Impairment (SLI), and learning disabilities. Behaviours such as
difficulty listening in noise, inattentiveness, poor academic performance, and inconsistent
responses to auditory information appear in all these conditions. This makes differential
diagnosis difficult and blurs the boundaries between a primary auditory deficit and a deficit in

attention, language, or executive function (de Wit et al., 2018).
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This absence of distinct characteristics has created a controversial debate about the
status of (C)APD as a separate clinical disorder. Many critics question the validity of
(C)APD, suggesting that what appear to be specific auditory problems are actually driven by
broader cognitive or language deficits rather than a standalone disorder (Ismen & Emanuel,
2023). Proponents maintain that (C)APD is a valid and verifiable disorder that can be
accurately identified through a deficit-specific battery of behavioural and
electrophysiological tests (Ismen & Emanuel, 2023). This justifies the need for the

development of a competing sentence test.

2.3 The Dichotic Listening Paradigm

To examine the CANS, the researchers rely on dichotic listening. This non-invasive
method gives us a clear picture of both the auditory pathways and the brain networks required
for complex listening paradigms (Westerhausen, 2019a). By presenting competing auditory
information simultaneously to both ears, dichotic tasks create a condition of auditory stress
that reveals the efficiency of hemispheric specialisation, interhemispheric communication,

and auditory selective attention (Andersson et al., 2008; Westerhausen & Hugdahl, 2008).

2.3.1 Foundational Principles

The dichotic listening paradigm was pioneered by Broadbent (1957) in the
development of the filter model of attention and later utilised by Kimura (1967) to investigate
the lateralisation of brain function. While each ear projects auditory information to both
cerebral hemispheres, the contralateral pathways are anatomically more robust and
functionally dominant under conditions of dichotic competition (Kimura, 1967). This
pathway is particularly crucial for speech sounds. In most right-handed people, the left
hemisphere serves as the primary area for processing language (Kimura, 1967). The reason

this is important lies in the dominance of crossed auditory pathways: speech presented to the
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right ear gets relatively direct access to the left hemisphere’s language centres. By contrast,
left-ear inputs take the long way around—they reach the right hemisphere first and must rely
on interhemispheric transfer via the corpus callosum for language processing (Kimura, 1967).
This asymmetry explains the Right Ear Advantage (REA), a well-documented finding in
which normal-hearing listeners easily outperform their left ears when reporting right-ear
verbal targets (Hugdahl, 2011). The presence, magnitude, or absence of the REA serves as a

valuable clinical indicator of CANS maturation and integrity (Westerhausen, 2019).

2.3.2 Core Auditory Skills Assessed through the dichotic test

Dichotic listening tasks aim to measure two distinct central auditory skills. First is
binaural integration- in other words, the ability to process information presented to both ears
simultaneously. With this skill, the listener needs to attend to and report stimuli from both
ears, which is usually tested using tests like the Dichotic Digits Test (Musiek, 1983). The
second skill is binaural separation. Here’s the key difference: instead of attending to both
ears, the listener must attend to a stimulus presented to one target ear while actively ignoring
a competing stimulus in the other ear (Payne et al., 2017). This skill is fundamental to
selective auditory attention and becomes absolutely essential in complex listening
environments where one has to focus on a single conversation in the presence of competing

noise — the phenomenon commonly known as the cocktail party effect (Hill & Miller, 2010).

The competing sentence test serves as a primary measure of binaural separation.
(Willeford & Burleigh, 1985). Poor performance on binaural separation tasks may point to
failure of top-down executive control networks that modulate auditory processing. It provides
a more specific diagnostic hypothesis than general speech-in-noise tests (Westerhausen &

Hugdahl, 2008).
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2.3.3 Relevance to (C)APD and Neurodevelopment

The dichotic listening paradigm is valued for its high ecological validity as it
simulates the auditory demands of everyday complex listening environments. Classroom
environment and group conversation require the ability to separate a target message from
competing auditory distractors (Nagaraj et al., 2020). Performance on dichotic listening tasks
is closely linked to the neurodevelopmental trajectory of the CANS, as the key auditory
structures, including the corpus callosum and higher-order association cortices, continue to
mature through myelination and synaptic pruning well into adolescence (Musiek & Chermak,
2014; Westerhausen & Hugdahl, 2008). This ongoing neurological development shows up
clearly in behavioural performance. Children show systematic improvements in dichotic
listening skills with increasing age (Moncrieff, 2011). This maturational effect makes it
absolutely important to establish age-specific normative data for any dichotic test intended
for use with a paediatric population. Without such norms, it is impossible to distinguish

clinically significant deficits from normal developmental immaturity (ASHA, 2005).

2.4 The Competing Sentence Test

2.4.1 Origins and Development

The Competing Sentence Test (CST) was first developed by Willeford (1977) as a
core part of a test battery meant to identify lesions within the central auditory pathways. This
test used semantically related sentence pairs of similar length, presented dichotically at a
message-to-noise ratio of -15 dB. This particular ratio was not random, as it was chosen to
really challenge the higher auditory centres and avoid ceiling effects in normal listeners

(Lvey & Willeford, 1988).

The foundational concept of using competing sentences was further used in more

widely distributed test batteries. Most importantly, Keith (2000) included a Competing
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Sentences subtest in the Screening Test for Auditory Processing Disorders in Children
(SCAN-C), which gave clinicians a standardised means of assessing how children utilise

linguistic cues to interpret speech when faced with competing messages.

2.4.2 Principles Involved in the Development of the Competing Sentence Test

The development of a competing-sentence test involves balancing psychometric,
acoustic, linguistic, and standardisation principles. From a psychometric perspective, one
needs to establish test-retest reliability to confirm that performance scores stay consistent
across administrations. At the same time, construct and content validity mean that test items
actually reflect the auditory processing demands associated with binaural separation rather
than confounding variables such as vocabulary knowledge or cognitive load (ASHA CAPD
Statement, 2005). Another critical thing is that the Sensitivity and specificity for binaural
processing deficits must be empirically determined. This ensures the test can tell the

difference between the disordered population and typically developing peers (Bellis, 2011).

Acoustically, the message-to-competing-ratio is the primary factor to consider for task
difficulty. The target sentences are presented at 15 dB lower than the competing message,
i.e., -15 dB ratio is commonly used to provide an adequate perceptual challenge while
maintaining the clinical suitability of the task (Lvey & Willeford, 1988). The spectral
characteristics of the competing signal also influence task difficulty. Greater acoustic overlap
occurs when the competing sentence is spoken by a talker of the same gender as the target

talker. This increases the sensitivity of the test to binaural processing deficits (Bellis, 2011).

Linguistically, sentence length should be controlled to minimise working memory
demands, with sentences of five to eight words generally preferred (Lvey & Willeford, 1988).

Syntactic complexity, phonetic balance, and lexical familiarity should be matched across
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sentence sets so that performance differences reflect auditory separation ability rather than

differential processing of grammatical or lexical features (ASHA, 2005).

From a standardisation perspective, comprehensive normative data must be derived
from samples stratified by age, given the documented developmental trajectory of binaural
processing across childhood (Bellis, 2011; Musiek, 1983). The tests are intended for use
across linguistic communities, adaptation and re-normalisation are required to preserve
construct equivalence, as phonological, lexical, and prosodic differences between languages
directly affect competing sentence intelligibility (A4SHA 2005 CAPD Statement, 2005; Keith,

2000).

2.4.3 Clinical Utility and Advantages

The primary function of the CST is to assess binaural separation by testing directed
auditory attention. It requires the listener to focus on the sentence in a target ear while
actively ignoring the competing sentence in the non-target ear (Lvey & Willeford, 1988).
Compared with other binaural separation paradigms, such as the Synthetic Sentence
Identification with Contralateral Competing Message (SSI-CCM) and the Pediatric Speech
Intelligibility (PSI) test, the CST demonstrates superior ecological validity because it uses
linguistically enriched, connected speech. while SSI-CCM uses third-order synthetic
sentences that lack natural meaning (Bellis, 2011). PSI employs simplified structures
designed for younger children that may produce ceiling effects masking subtle processing
difficulties in school-aged populations. By contrast, the CST engages the listener's syntactic
and semantic processing, more accurately simulating the complex auditory demands of a

classroom and everyday listening conditions (Hugdahl, 2011; Lvey & Willeford, 1988).

The CST is also uniquely sensitive to cortical dysfunction, particularly within the

temporal lobes, due to its use of linguistically complex stimuli and an open-set response
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format (Lvey & Willeford, 1988). Its results translate directly into real-world management
strategies as performance patterns on the CST provide a clear rationale for accommodations
such as FM systems or preferential seating to improve the listening signal-to-noise ratio
(Bishop, 2007; Keith, 2000). Ismen & Emanuel (2023) noted that the functional relevance of
the CST is a primary reason it features prominently in contemporary (C)APD diagnostic

batteries.

2.4.4 Psychometric Properties

Studies on the SCAN-C, which includes the Competing Sentences subtest, have
reported good test-retest reliability, with correlation coefficients for individual subtests
ranging from 0.65 to 0.82 in children aged 5 to 7 years (Keith, 2000). Factor analysis of the
SCAN-C battery has demonstrated that the Competing Words and Competing Sentences
subtests load together onto a distinct binaural separation factor, separate from a monaural
low-redundancy factor comprising tests such as Filtered Words (Bishop, 2007) confirming

that the CST measures a specific and distinct auditory processing construct.

A major limitation of commercially available English-language versions of the CST is
their standardisation in American English (Willeford & Burleigh, 1985b), rendering them
inappropriate for non-native English speakers and highlighting the need for language-specific

adaptations.
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Comparison of Competing Sentence Tests Used in Central Auditory Processing Assessment

Test Developer(s) Stimulus Skill Key Features Sources
Type Assessed
CST Willeford Pairs of Binaural High ecological Ivey &
(1977) meaningful separation validity; —15 dB Willeford
sentences MCR; sensitiveto  (1988)
cortical lesions
SSI-CCM Jerger (1970) Synthetic Binaural Reduces top-down  Bellis
sentences separation linguistic cues; (2011)
(meaningless) varied MCRs;
focuses on integrity
of corpus callosum
PSI Jerger & Simplified Binaural Ages 3—6; picture-  Bellis
Jerger (1984) sentences separation pointing response;  (2011)
effective for early
developmental
deficits
CST-K Rhythm et Pairs of Binaural Development in Rhythm et
al. (2024) sentences separation Indic-language ; al. (2024)
(Kannada) age-specific norms;

confirmed REA and
developmental
effects

Note. CST = Competing Sentence Test; SSI-CCM = Synthetic Sentence Identification with

Contralateral Competing Message; PSI = Paediatric Speech Intelligibility test; CST-K =

Competing Sentence Test in Kannada; MCR = message-to-competition ratio; REA = right-

ear advantage

2.5 The Importance of Age-Specific Normative Data

Age-specific normative data are critical in the assessment of (C)APD because the

CANS is a maturing neurobiological system. Performance on dichotic listening tasks,

including the CST, improves significantly throughout childhood as a result of the ongoing

myelination of auditory pathways and the corpus callosum (Bellis, 2011; Musiek, 1983).

Without age-specific norms, it is difficult to differentiate between a developmental delay, in
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which a child is maturing more slowly, and a true clinical deficit, in which the auditory
system is dysfunctional. REA typically decreases, and left-ear scores increase as children
approach adolescence. Clinicians should apply strictly defined age brackets to ensure
diagnostic accuracy and avoid the risk of overdiagnosis or misdiagnosis (Bellis, 2011).

Age norms serve as a benchmark for assessing the integrity of the CANS. According
to ASHA 2005 CAPD Statement guidelines, a diagnosis of (C)APD typically requires a
performance deficit of at least two standard deviations below the normative mean on two or
more tests in a test battery, reinforcing the necessity of robust, population-specific normative
data. For a test like the CST, which involves high linguistic complexity, performance is
additionally dependent on the child's level of language acquisition and exposure, further
underscoring the need for normative samples derived from linguistically representative

populations (ASHA, 2005; Bantwal, 2011).

2.6 Scoring and Interpretation of the CST

The CST is scored based on the accuracy of the listener's response in the designated
target ear. The score generally depends on the percentage of correct keywords recalled from
the target sentence (Lvey & Willeford, 1988). Along with the percentage score, clinicians
also analyse the interaural asymmetry score, which is the difference between right-ear and
left-ear percentage scores, considered as a sensitive indicator of unilateral processing deficits
(Westerhausen & Kompus, 2018). Beyond quantitative scoring, clinicians should observe the
type of errors produced and the listener's response latency, as these qualitative features
provide additional insight into the cognitive and attentional load experienced by the child

during testing (Ahmmed et al., 2014).
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2.7 Factors Affecting Binaural Separation

2.7.1 Age

Age is one of the most investigated variables affecting binaural separation
performance in children. The maturation of binaural processing follows a prolonged
developmental timeline extending through adolescence, with progressive improvements
reflecting myelination and synaptic maturation of the auditory pathways involved in corpus
callosal transfer and cortical inhibition of the non-attended channel (Andersson et al., 2008;
Musiek, 1983). CST indicate that binaural separation performance reaches maturity by
approximately 10 years of age in most typically developing children (Lvey & Willeford,

1988), with gradual improvements evident in the years preceding this age.

2.7.2 Language Background

Language background exerts a meaningful influence on binaural separation
performance because most clinical binaural separation tasks employ verbal stimuli (Price et
al., 2025). A listener's proficiency in the language of the test material can significantly affect
scores independently of any underlying auditory processing deficit (Price et al., 2025).
Consequently, administering a test developed and normed in one language to speakers of
another language risks producing clinically misleading results that reflect linguistic
unfamiliarity rather than genuine auditory processing dysfunction (McNamara et al., 2025).
This consideration provides a strong rationale for the development of competing sentence
tests in languages other than English, particularly for linguistically diverse populations in

countries such as India (Bantwal, 2011).

2.7.3 Message-to-Competition Ratio
The message-to-competition ratio (MCR), defined as the intensity level of the target

message relative to the competing signal, has a well-documented effect on binaural
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separation performance. In the SSI-CCM protocol, the MCR is systematically varied to allow
construction of performance-intensity functions that characterise the listener's capacity to
separate the target from competition across a range of disadvantaged listening conditions
(Jerger & Jerger, 1974). For the CST, a fixed MCR of —15 dB is standardly employed,
placing the target sentence at a substantial disadvantage relative to the competing sentence
and thereby maximising the sensitivity of the test to central auditory processing dysfunction

(Lvey & Willeford, 1988).

2.8 Development of Competing Sentence Tests in Indian Languages

The linguistic and cultural diversity of India presents a unique challenge for
audiological assessment, as the majority of standardised central auditory processing tests
have been developed and normed exclusively for English-speaking populations (Bantwal,
2011b). The application of English-language tests to Hindi-speaking or other Indian-
language-speaking children is methodologically inappropriate, as differences in phonological
structure, lexical frequency, sentence prosody, and linguistic familiarity directly affect
performance on competing-speech tasks and compromise the validity of normative

comparisons (ASHA, 2005).

A significant recent contribution to this area is the development and validation of the
Competing Sentence Test in Kannada (CST-K) by Rhythm et al. (2024), which established
age-specific normative data for binaural separation in Kannada-speaking school-age children
and confirmed the presence of a significant right-ear advantage and age-related improvement
in performance. The CST-K demonstrated good to excellent test-retest reliability and
represents a methodologically rigorous template for the development of competing sentence
tests in other Indian languages (Rhythm et al., 2024). Prior to the development of the CST-K,

no validated competing-sentence test existed for any Indian language, reflecting the broader



underrepresentation of Indian languages in the central auditory processing assessment

literature.

20



21

CHAPTER III

METHOD

The current study aimed to develop, validate and establish age-specific test scoring
data for the Competing Sentence Test in Hindi (CST-H). This chapter further organises and

provides step-wise details on the development and validation of the competing sentence test.

The study was carried out in two phases. Phase I involved the development, recording
of stimuli and validation of a competing-sentence test in Hindi, while Phase II involved

testing children aged 8 to 11 years to establish age-specific scoring data.

3.1 Phase I: Development and validation of stimuli
Phase I included the development, recording, and validation of Hindi sentence stimuli

by adapting the following steps.

3.1.1 Step 1: Stimulus Selection

An initial set of about 250 simple, meaningful sentences was gathered from Hindi
Grade 3 and Grade 4 academic textbooks, magazines, and day-to-day conversation. The
academic textbooks that were used were the National Council of Educational Research and
Training (NCERT) and the State Council of Educational Research & Training (SCERT)

books.

The sentences were selected based on the following criteria:

1. Each sentence contained four to seven words,
2. The natural Subject—Object—Verb (SOV) structure of Hindi was followed,
3. The total number of syllables per sentence ranged from eight to nine,

4. All sentences that were syntactically correct and semantically neutral were included.
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5. Lexical items were drawn from high- to moderate-frequency words in Hindi to ensure
familiarity for school-age children,

6. Sentences were restricted to simple nouns, pronouns, and verbs, avoiding complex or
rare constructions,

7. Emotionally loaded or emphatic expressions were excluded to maintain neutral
prosody.

8. Sentences that contained only Hindi words, with no English or regional borrowings,
were selected.

9. Sentences were constructed to prevent ambiguity or multiple interpretations.

10. Semantic neutrality was ensured by excluding content related to politics, war, or
gender.

11. Sentences containing questions, proverbs, proper names, exclamations or duplicate

sentences were not included.

3.1.2 Step 2: Content validation using the Content Validity Index method

A panel comprising three primary school teachers and five typically developing
children (who did not participate in the main study) served as raters. The three teachers who
served as raters were requested to evaluate each sentence pair across five domains, namely
clarity, simplicity, acceptability (age-appropriateness), familiarity, and framing of the item
(Chinnasamy et al., 2025). A three-point rating scale was used, with 1 indicating poor and

requiring major revision, 2 indicating fair, and 3 indicating good.

Following this, the content validity of each item was established through the Content
Validity Index (CVI) for each sentence pair per domain. At this stage, the item-level Content
Validity Index (CVI) was calculated as the proportion of raters assigning a score of 3 using

the following formula.
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Number of raters giving a score of 3

Item-Level Content Validity Index (CVI) =

total number of raters

For the scale-level CVI, the average of all item-level CVI values across the sentence pool was
computed to determine the overall content validity of the developed sentence pairs. Content
Validity Ratio (CVR) was calculated in accordance with the formula proposed by Lawshe

(1975), as follows

ne—N /2
N /2
with ‘ne’ being the number of experts who rated the item as relevant (score of 3), and

‘N’ being the total number of experts

In accordance with established psychometric criteria for a three-member panel
(Lynn, 1986; Polit & Beck, 2006), a Sentence pair with an [-CVI of 1.00 was considered
relevant. Sentences with lower values or those requiring substantial revision based on expert

suggestions were excluded.

Domain-specific analysis revealed a varying rate of item attrition. The highest
consensus was observed within the domain of acceptability, where 113 sentence pairs
achieved an I-CVI of 1.00, resulting in the elimination of 12 sentence pairs, followed by the
familiarity domain, where 111 sentence pairs got an [-CVI of 1.00, and 14 were eliminated.
Afterwards, for clarity, domain 108 sentence pairs got an [-CVI of 1.00; thus, 17 sentence
pairs were eliminated. After clarity, in the framing domain, 97 sentence pairs had an I-CVI of
1.00, and 28 were rejected. Similarly, the highest rate of attrition was observed in the
simplicity domain, where 94 sentence pairs achieved an I-CVI of 1.00, leading to the
rejection of 31 sentence pairs. Finally, 91 sentence pairs were retained, as they achieved an I-
CVI of 1.00 across all five domains; 34 were eliminated because they failed to meet the

consensus threshold in one or more domains. Domain-specific data is available in Table 3.1.
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Table 3.1

Content Validity Indices Across Five Domains (Stage 1)

Domain Items with I-CVI=1 S-CVI/Ave S-CVI/UA Scale CVR
Clarity 108 1.00 1.00 1.00
Simplicity 94 1.00 1.00 1.00
Acceptability 113 1.00 1.00 1.00
Familiarity 111 1.00 1.00 1.00
Framing 97 1.00 1.00 1.00
Overall 91 1.00 1.00 —

Note. S-CVI/Ave = scale-level CVI Average; S-CVI/UA = scale-level CVI Universal
agreement; Scale CVR = scale-level content validity ratio calculated using Lawshe's (1975)

formula.

To evaluate the familiarity of the 91 sentence pairs retained after the teacher’s
validation, a panel of five children rated each item on a 5-point Likert scale (1= not familiar
at all, 2= it is somewhat familiar, 3= quite familiar, 4= relevant, 5= very familiar). I-CVI, S-
CVI (both Average and universal agreement) and content validity ratios were calculated
following the procedure recommended by Lynn (1986), Polit and Beck (2006), and Lawshe
(1975). At the item level, 70 of 91 sentence pairs achieved an I-CVI of 1.00, indicating that all
five children assigned a familiarity of 4 or 5, and the remaining 21 sentences pair were
eliminated. CVR was computed for each sentence pair using lewshe’s (1975) formula. The
70-sentence pair achieving [-CVI=1.00 correspondingly yielded CVR= 1.00, exceeding the
critical value of 0.99 for five raters (Wilson et al., 2012). The 21 sentence pairs had a CVR of
0.60, which was below the critical value of 0.99 and were thus eliminated. In total, 70

sentence pairs were retained after children's familiarity validation.
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Table 3.2

Content Validity Indices for Familiarity Ratings of 91 Sentence Pairs Rated by Five

Children
Sentences pairs CVI Retained/
Eliminated
70*%/91 1.00 Retained
21/91 0.80 Eliminated

Note. *Strict acceptable threshold for I-CVI = 1.00 (Lynn, 1986)

3.1.3 Step 3: Recording of stimuli

A male native Hindi speaker recorded the selected sentences with a standard, neutral
accent. The speaker aimed to say each sentence with natural intonation and consistent vocal
effort. The sentences were recorded with a Behringer B2 Pro dual-diaphragm studio
microphone, placed 20 cm from the speakers’ mouths. The recorded sentences were digitised
and edited in Adobe Audition software at a sampling rate of 44.1 kHz and 24-bit resolution.
The overall loudness of all sentence files was equalised using Root Mean Square (RMS)
normalisation. The background noise was minimised using the adaptive noise reduction

feature in Adobe Audition.

3.1.4 Step 4: Validation of recorded stimuli
The final set of recorded sentences was reviewed by a panel of three experienced,

native Hindi-speaking audiologists. They evaluated each stimulus on a 5-point Likert scale
for sound quality, clarity, distortion, and overall appropriateness for clinical use, rating 1 as
strongly not recommended, 2 as not recommended, 3 as neutral, 4 as recommended, and 5 as
strongly recommended. Audiologists were encouraged to provide open-ended feedback for
further improvement of the sentence. Only those sentences that received a rating of 5 from all
three audiologists were selected with an I-CVI of 1.00 as the criterion. At this stage, out of

the 70 recorded sentences, 41 met this criterion and were shortlisted.
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Table 3.3

Content Validity Metrics Across Four Domains for 70 Items Rated by Three Audiologists

Domain [I-CVI  S-CVI/Ave S-CVI/UA  Mean CVR
Sound Quality 43%* 1.00 1.00 0.60
Clarity 43%* 1.00 1.00 0.63
Distortion 41%* 1.00 1.00 0.58
Appropriateness 45% 1.00 1.00 0.67
Overall Test 41%* 1.00 1.00 —

Note. *Criterion I-CVTI of 1.00.

3.1.5 Step 5: Final Stimulus Set and Key Words Identification

Based on the validation feedback, at this stage, out of 41, a final set of 30 sentence
pairs was selected for the main test, and 5 sentence pairs for practice with similar subject
matter within each sentence pair; each pair of sentences (competing and target) was
semantically related. Here, sentence pairs were eliminated because the gaps between
utterances made them sound unnatural. One or two keywords (content words) were identified
for each sentence by a primary school teacher who taught Hindi and was a native Hindi
speaker, to ensure familiarity, meaningfulness and age-appropriateness of selected keywords.
The keywords were defined as those words that were deemed to be important for
comprehending for the comprehension of the sentence. The finalised CST-H sentence pairs
are provided in Appendix I in Hindi and Appendix II in their IPA transcription with practice

items.

3.1.6 Step 6: Development of the MATLAB program for the competing sentence
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The length of the stimuli was standardised by adding silence to the end of the shorter
stimulus within each pair, ensuring that both stimuli had equal duration for accurate
comparison. The RMS (root mean square) amplitude of the target and interfering stimuli was
carefully adjusted to achieve the desired and consistent stimulus level across all
presentations. For precise calibration, the stimulus level was measured using an artificial ear
in conjunction with a sound level meter (SLM), with levels expressed in terms of A-weighted
RMS values. Finally, the entire stimulus presentation process was automated using MATLAB
R2014b, which ensured accurate timing, consistency, and reproducibility throughout the

procedure.

3.2 Phase II: Administration of tests to Children
The finalised competing-sentence test in Hindi was administered to four groups of

children aged 8-11 to establish age-specific scoring data.

3.2.1 Research Design and Sampling
This study used a cross-sectional design to establish scoring data from typically
developing Hindi-speaking children. A repeated-measures component assessed the test-retest

reliability of the developed test material.

3.2.2 Ethical Approval

The study adhered to the Ethical Guidelines for Bio-behavioural Research Involving
Human Subjects (AIISH, 2009) and obtained Institutional Review Board clearance
(SH/IRB/M.4/AUD.26/2025-26). Before data collection, caregivers of all Children were
provided with a brief explanation of the test procedures, and written informed consent was

obtained.
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3.2.3 Participants

A total of 40 right-handed children were recruited from mainstream schools in a
Hindi-speaking area. School Children from the grade III to VI were enrolled for the study
from Sandipani Higher Secondary Government school, located in Katara Hills, Barrai,
Bhopal, Madhya Pradesh, Children were divided into four age groups, with 10 children per
group. Group I was comprised of ten children in the age range 8 years to 8 years and 11
months (8-8.11 years), Group 2 included ten children between 9 years to 9 years and 11
months (9-9.11 years), Group 3 had ten children from 10 years to 10 years and 11 months
(10-10.11 years) and Group 4 consisted children from 11 years to 11 years and 11 months

(11-11.11 years).

3.2.3.1 Inclusion criteria. Children fulfilling the following criteria were included in
the study:
e chronological age between 8 years to 11 years.
e Native Hindi speaker, with Hindi as the primary language of communication at home.
¢ Bilateral normal hearing sensitivity where the bilateral pure-tone air conduction
thresholds must be <20 dB HL at octave frequencies from 500 Hz to 4 kHz.
e Must be right-handed.
e Pass from the Screening Checklist for Auditory Processing (SCAP)(Mascarenhas,

2004)

3.2.3.2 Exclusion criteria. Individuals were excluded from the study if any:
e History of chronic or recurrent otitis media or any other significant ear problem.
e A known or suspected neurological disorder, intellectual disability, psychological

issue and speech-language impairment.
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e Children with known learning disabilities, language disorders, or global
developmental delays that could affect auditory processing were excluded.

e Left-handed children.

e Failure to meet any of the inclusion criteria during the pre-selection screening.

3.2.4 Test environment
The testing was conducted in the school premises. A quiet room was chosen as the
testing location. The selected test room was located away from any noise sources. Testing

was paused during interruptions like class changes, leisure activities, and lunch.

3.2.5 Instrumentation and Software

The following calibrated equipment was used

1. The Heine Mini 3000 LED otoscope was used for inspecting the ear canal and

tympanic membrane.

2. Auditivo Micra Diagnostic audiometer with TDH 39 headphones conforming to
ANSI S3.6 (2018) standards was used to obtain pure-tone air conduction
thresholds.

3. A Behringer B2 Pro Dual diaphragm studio microphone with MOTU M2 audio
interface was used for Audio recording of stimuli.

4. Adobe Audition version 2024 was used for recording, editing, noise reduction, and
normalisation of speech stimuli.

5. MATLAB (Version R2014b) was used for RMS normalisation, stimulus
calibration, SNR adjustment, and stereo presentation of dichotic stimuli

6. Asus Expertbook model number B1402CBA equipped with an Intel Core 17
processor was used for recording, digitisation and development of the Stimulus for

Competing Sentence Test in Hindi.
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7. Sony WH-CH720n over-the-ear headphone was used for stimulus delivery of the
Competing Sentence Test.
8. Statistical Product and Social Sciences (SPSS) Version 26 (IBM Corporation,

New York, USA) was utilised for statistical analyses.

9. Mendeley Reference Manager, was used for reference management.

3.2.6 Audiological Screening

3.2.6.1 Pure-tone Audiometry. For audiological screening purposes, the Auditivo
Micra diagnostic audiometer with TDH 39 headphones was used. Subjective or biological
calibration was performed each day, and a correction factor was applied before the start of the
actual screening procedure. During the testing, the examiner instructed each child to respond
by raising his/her hand to auditory stimuli presented through calibrated headphones. The
children raised their respective hands every time he/she heard a tone, regardless of how soft
or faint it was. The audiometric screening began with air-conduction testing at 1000 Hz,
followed by 2000 Hz, 4000 Hz, and 500 Hz at a fixed screening intensity level of 20 dB HL.
The child was marked as ‘pass’ if they responded to all four screening frequencies (500,
1000, 2000, and 4000 Hz). The child was marked as ‘refer’ if he/she did not respond to one or

more frequencies in either ear.

3.2.6.2 The Screening Checklist for Auditory Processing (SCAP)(Mascarenhas,
2004). The checklist has 12 simple questions about the child’s listening and learning
behaviours. For every item, the respective teacher marked the response as either ‘Yes’ or
‘No.” A score of 1 point was given for every ‘Yes’ response, and 0 points for every ‘No’
response. The scores for all items were summed to obtain a total score ranging from 0 to 12.
A total score of 6 or below was considered a ‘Pass,’ indicating that the child was not at risk of

(C)APD. A total score of 7 or above was considered a ‘Refer,” suggesting that the child may
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be at risk for central auditory processing difficulties. Children who scored 6 or below on the

SCAP checklist was included in the study, and those who scored 7 or above were excluded.

3.2.6.3 Speech Recognition Threshold. SRT assessment was conducted using a
laptop running custom MATLAB code for stimulus presentation and response processing.
Standardized digital spondee word lists were delivered via laptop headphones; MATLAB's
Audio Toolbox facilitated audio playback and intensity control. Laptop volume was set to
maximum, with software attenuation controlling levels from an initial 20 dB HL above PTA,
descending in 10 dB steps and ascending in 5 dB steps descending-ascending method was
used to present stimuli, with at least two spondees per level presented via MATLAB
interface. Participant responses were recorded manually. The Speech Recognition Threshold
(SRT) was defined as the lowest intensity level (in dB HL) at which the participant correctly

identified at least 50% of the presented spondee words.

3.2.7 CST-H administration procedure

3.2.7.1 Calibration Procedure. Prior to testing, the output levels of the right and left
channels were calibrated independently to ensure accurate dB HL -equivalent stimulus
presentation levels. Channel-specific calibration was carried out using the KEMAR manikin
by placing the headphone over the ears of the manikin, and the output was measured using a
sound level meter. Channel-specific correction factors were incorporated within the
MATLAB script to compensate for output differences between the transducers. A reference
pressure of 20 uPa was used, and correction factors of -20 dB and -15 dB were applied for
the right and left channels, respectively. The corrected intensity values were subsequently

converted into linear amplitude factors for stimulus generation and presentation.
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Children who passed all the screening criteria were included as participants in the
next Phase III of the study to establish age-specific test scoring data. The finalised CST-H

was administered using the MATLAB-based system through calibrated headphones.

3.2.7.2 Instructions. ‘You will hear two different sentences at the same time, one in
each ear. Your task is to listen carefully to the sentence in the target ear and ignore the
sentence in the competing ear. You will then be asked to repeat the sentence from the target
ear, and you are encouraged to guess if you are unsure. The same task will be repeated for the

other ear in the same manner.’

3.2.7.3 Presentation Levels. The target sentence was played at 35 dB SL (ref. SRT),
while the competing sentence at 50 dB SL (ref. SRT). This created a challenging signal-to-
competition ratio of -15 dB, which was needed to test the binaural separation and avoid

ceiling effects in performance.

3.2.7.4 Test Administration. The children were made to sit comfortably in the chairs,
then instructions were given, and then headphones were placed on their ears. To make the
child familiar with the testing procedure, 5 practice items were presented to each ear. The test
comprised 30 sentence pairs, with 30 trials presented to each ear using a signal-to-noise ratio
of -15 dB SPL. The primary message (target sentence) was presented at 35 dB SL in one ear
(e.g., the right ear), while the competing message (competing sentence) was presented at 50

dB SL in the other ear (e.g., the left ear).

3.2.7.5 Scoring. The examiner scored each child's verbal response for every trial.
Scoring focused on the number of pre-identified keywords that are repeated correctly from
the target sentence. Each correct keyword was scored ‘1°. If the keyword was incorrect or
could not be repeated, the score was given ‘0. A total score was calculated for both the right-

ear and left-ear target conditions.
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3.2.8 Test-retest reliability

A subgroup of 20 children (50%) was selected with 5 children from each of the four
groups, to examine test-retest reliability. Test—retest reliability assesses the stability and
consistency of a measure over time by administering the same test to the same individuals at
two different points in time. Establishing this form of reliability ensured that the CST-H
produced dependable results that were not influenced by temporary factors such as chance,

fatigue, or mood.

A follow-up session was scheduled 10 days after the initial assessment. This time
frame is ideal because it provides sufficient time to reduce recall or practice effects, while
remaining short enough to prevent meaningful changes in auditory processing skills. During
the second session, the CST-H were re-administered using the same standardised procedure
as in the first session. By comparing children’ performances across sessions, the consistency

of test outcomes could be evaluated, thereby establishing their reliability.



Figure 3.1

Flowchart Depicting the Step-by-Step Process of Stimulus Validation for the CST-H

Step 1: Content Validation — Teacher Panel
3 primary school teachers rated 125 sentence pairs
5 Domains: Clarity - Simplicity - Acceptability - Familiarity - Framing
3-point rating scale | [-CVI = 1.00 required across all five domains

!

91 sentence pairs retained 34 eliminated

!

Step 2: Children's Sentence Familiarity Validation
5 typically developing children rated 91 sentence pairs
S5-point Likert scale | I-CVI = 1.00 required (CVR > 0.99)

!

70 sentence pairs retained 21 eliminated

!

Step 3: Audiologist Validation of Recorded Sentences
3 native Hindi-speaking audiologists evaluated
4 Domains: Sound Quality - Clarity - Distortion - Appropriateness
Rating of 5 from all three required | -CVI = 1.00

!

41 sentence pairs retained 29 eliminated

!

Step 4: Inter-Word Gap Screening
Sentences with longer inter-word gaps were excluded
Natural and consistent timing across stimuli was ensured

!

35 sentence pairs retained 6 eliminated

!

Final CST-H Stimulus Set
30 test sentence pairs + 5 practice sentence pairs
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Figure 3.2

Procedural Flowchart for Phase I and Phase Il of the CST-H

CST-H METHODOLOGICAL FRAMEWORK

! !
LSLARIE [ DL SO TONAT AN PHASE II: ADMINISTRATION
VALIDATION
!
1. Participant Sampling
40 typically developing, right-handed
1. Stimulus Selection ypIeay il (ﬁeng 8
Source: NCERT/SCERT.textbooks & 4 age groups (8-11.11 years)
daily conversation — 10 children per group
4-7 words, SOV syntax, 8-9 syllables
— ~125 sentence pairs !
) 2. Audiological Screening
Normal PTA (<20 dB HL, 5004000 Hz)
2. Content Validation (CVI) Passed SCAP screening (score < 6)
Panel: 3 teachers + 5 students SRT measured via MATLAB
I-CVI =1, | Scale CVI =1
— 70 sentence pairs retained !
3. Test Administration
! MATLAB dichotic presentation
3. Acoustical Validation Target 35 dB SL | Competing 50 dB SL
Studio recorded, RMS normalised Fixed —15 dB signal-to-competition ratio
5 audiologist rating
— 41 sentence pairs retained !
! 4. Reliability Check
4. Standardisation n = 20 children re-tested
30 test + 5 practice sentence pairs 10-day interval
1-2 keywords identified per sentence
MATLAB: padded & equalised for
presentation

¢

AGE-SPECIFIC TEST SCORING DATA
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CHAPTER 1V

RESULTS

The present study aimed to develop, validate and establish age-specific scoring data
for the Competing Sentence Test in Hindi (CST-H), for children aged 8 to 11 years. A total of
40 typically developing, native Hindi-speaking children participated in the study. Participants
were assigned to four groups with 10 participants each. Group 1 included children aged 8—
8.11 years; Group 2, children aged 9-9.11 years; Group 3, children aged 10—10.11 years; and
Group 4, children aged 11-11.11 years. The gender distribution of the study participants is

given in Figure 4.1.

Figure 4.1

Gender Distribution of Study Participants

Girls

(n=19, 47.5%) Boys
(n =121, 52.5%)

Note. The total number of participants is 40.
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Statistical analysis was carried out using SPSS software. Before inferential statistical

analysis, the data distributions were assessed for right-ear (RE) and left-ear (LE) scores

across the groups using the Shapiro—Wilk test of normality. The results indicated that the

majority of the dataset was non-normally distributed (p < .05). Therefore, non-parametric

statistical tests were employed for subsequent analyses.

The following statistical procedures were carried out

Descriptive statistics were applied to the data to obtain the median and
interquartile range (IQR) for each age group and ear, as well as the mean and
standard deviation (SD).

Independent-samples Kruskal-Wallis H tests were performed on the data to
examine the effect of age group on the right ear and left ear scores of the CST-H,
with statistical significance set at p <.05. Post-hoc pairwise comparisons were
done by using Dunn’s test to check differences by comparing the age groups in
pairs, with effect size reported as r.

Wilcoxon signed-rank tests were performed to investigate the effect of ear on
score and evaluate the difference between right and left ear scores within each age
group.

Spearman’s rank-order correlation coefficients (ry) were computed to check the
test-retest reliability by comparing the right and left ear scores separately between

two sessions. The strength of correlation is interpreted based on the 7 value.

4.1 Descriptive Statistics of CST-H Scores Across Age Groups and Ear

Descriptive statistics for CST-H scores by age group and ear are presented in Table

4.1. As shown in Table 4.1, the scores for the right ear (RE) and left ear (LE) improved with
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age. In other words, the median scores were lower for both RE and LE in Group 1 compared

to Group 4. Within each age group, RE scores were higher than the LE scores.

Figure 4.2 shows the mean and standard deviation for the right ear and left ear

datasets across age groups, with error bars representing + 2 standard deviations. As

illustrated, mean scores for both ears increased progressively with age. Children in Group 1

had the lowest mean scores for both RE and LE compared to those in Group 4. Within each

age group, RE mean scores were consistently higher than LE mean scores.

Table 4.1

Median and Interquartile Range of CST-H Scores by Age Group and Ear

Right Ear Left Ear
Age Group (n=10) Median IQR Median IQR
Group 1 (8-8.11 years) 25.00 1.00 24.00 0.00
Group 2 (9-9.11 years) 26.00 1.50 25.00 1.75
Group 3 (10-10.11 years) 27.00 0.75 26.00 1.00
Group 4 (11-11.11 years) 29.00 1.00 28.00 1.75

Note. 1QR = interquartile range.
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Figure 4.2

Mean Scores of CST-H for Right and Left Ears Across Age Groups

B Right Ear (RE)
I Left Ear (LE)

Mean CST-H Score

Group 1 Group 2 Group 3 Group 4
(8-8.11 years) (9-9.11 years) (10-10.11 years) (11-11.11 years)

Age Group

4.2 Age-Related Differences in Competing Sentence Test in Hindi (CST-H) Performance
Descriptive statistics for CST-H scores by age group and ear are presented in Table
4.1. There is an improvement in Score with increasing age across age groups from group

1(8-8.11 years) to group 4 (11-11.11years).

To examine whether CST-H scores differed significantly across the age groups, an
independent-samples Kruskal-Wallis H test was conducted separately for RE and LE scores.

The results revealed a statistically significant difference in right ear scores across the age

groups, x2(3) =29.742, p < .001.
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Post-hoc pairwise comparisons using Dunn’s test indicated that differences in the

right ear scores between Group 1 and Group 3 were statistically significant (p = .006, =

.611). Similarly, the scores between Group 1 and Group 4 (p <.001, = 1), scores between

Group 2 and Group 4 (p <.001, = .885) and scores between Group 3 and Group 4 (p = .015,

r=.543) were significantly different. All statistically significant pairwise comparisons

demonstrated large effect sizes (» > .543; Cohen, 1988). However, the differences in scores

between Group 1 and Group 2 (p =.230) and between Group 2 and Group 3 (p = .126) were

not statistically significant. The test statistic, p-value, and effect size of pairwise comparisons

are presented in Table 4.2.

Table 4.2

Pairwise Comparisons of Right Ear Scores Across Age Groups

Comparison Test Statistic Sig. Effect Size (r)
Group 1 vs. Group 2 -6.150 230 -
Group 1 vs. Group 3 -14.000 .006 0.611
Group 1 vs. Group 4 -26.450 .000 1
Group 2 vs. Group 3 -7.850 126 -
Group 2 vs. Group 4 -20.300 .000 0.886
Group 3 vs. Group 4 -12.450 .015 0.543

Note. The significance level is .05.
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Similarly, left ear CST-H scores also revealed a statistically significant difference
across the four age groups on independent-samples Kruskal-Wallis H test, x%(3) = 29.306, p
<.001. The improvement of the score across the age groups and ears is depicted in Figure

4.3.

Figure 4.3

Heat map representation of mean CST-H scores by age group and ear.

Group 4

(11-11.11 years) 2
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(10-10.11 years)
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< 26 >
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(9-9.11 years)
- 25
Group 1 M = 24.00 M = 25.30 - 24

(8-8.11 years)

Left Ear Right Ear
(LE) (RE)

Ear

Note. Darker shades indicate higher mean CST-H scores
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Post hoc pairwise comparisons Dunn’s test indicated that differences in the left ear

scores between Group 1 and Group 3 were statistically significant (p = .008, = .595), with

large effect size. Similarly, the scores between Group 1 and Group 4 (p <.001, = 1), the

scores between Group 2 and Group 4 (p <.001, = .886), and the scores between Group 3 and

Group 4 (p = .014, = .549) were significantly different. All statistically significant pairwise

comparisons demonstrated large effect sizes (» > .549; Cohen, 1988). However, the

differences in scores between Group 1 and Group 2 (p = .248, = .258) and between Group 2

and Group 3 (p =.132, r=.337) were not statistically significant. The test statistic, p-value,

and effect size of pairwise comparisons are presented in Table 4.3.

Table 4.3

Pairwise Comparisons of Left Ear Scores Across Age Groups

Comparison Test Statistic Sig. Effect size (r)
Group 1 vs. Group 2 -5.950 248 -
Group 1 vs. Group 3 -13.700 .008 .595
Group 1 vs. Group 4 -26.350 .000 1
Group 2 vs. Group 3 -7.750 132 -
Group 2 vs. Group 4 -20.400 .000 .886
Group 3 vs. Group 4 -12.650 014 .549

Note. The significance level is .05.
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4.3 Comparison Between Right-Ear and Left-Ear Performance
Median and Interquartile range are presented in Table 4.1. Right ear scores are better

than the left ear scores across all the age groups.

A Wilcoxon signed-ranks test was conducted to compare right ear and left ear scores
within each age group. Results revealed a statistically significant difference between right and
left ear cores within all groups (p <.05), with the highest score in the right ear indicating

right ear advantage. Test statistic and p-values are presented in Table 4.4.

Table 4.4

Within-Group Comparison of Right and Left Ear Scores Across Age Groups

Age Group |Z] p (2-tailed)
Group 1 (8-8.11 years) 2.919 .004
Group 2 (9-9.11 years) 2.739 .006
Group 3 (10-10.11 years) 2.762 .006
Group 4 (11-11.11 years) 2.810 .005

Note. The significance level is .05.
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Figure 4.4

Mean Right Ear Advantage (REA) Magnitude
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Note. The significance level is .05.

4.4 Test—Retest Reliability of the Competing Sentence Test in Hindi (CST-H)

The test-retest reliability was assessed on 50% of the total participants (n= 20) and
ensured the representation across the four groups. Age group classification was not
considered while examining the test-retest reliability of the developed test, and participants
from all age groups were combined for analysis. Spearman’s rank-order correlation
coefficient (7;) was computed for scores obtained between two sessions. This was done

separately for the right ear and left ear datasets.

The results indicated a strong and statistically significant correlation between the two

test sessions. A very strong positive correlation was observed for both the right ear (s = .866,
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p <.001) and the left ear (»s = .870, p <.001), indicating excellent consistency in test
performance across repeated administrations and demonstrating high test-retest reliability of

the developed test. Test statistic and p-values are presented in Table 4.5.

Table 4.5

Test-Retest Reliability of the CST-H for Right and Left Ear Scores

Condition N rs P
Right ear 20 .866 <.001
Left ear 20 .870 <.001

Note. The significance level is .05.
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CHAPTER V

DISCUSSION

The present study aimed to develop the Competing Sentence Test in Hindi (CST-H)
and establish age-specific normative data for children across four developmental age groups.
The study addressed three primary objectives. First, it examined age-related changes in CST-
H performance across the different age groups. Second, it investigated the presence of ear
differences between right and left ear scores in the study population. Third, it evaluated the
test-retest reliability of the CST-H to determine the consistency of performance across
repeated administrations.

The findings show that CST-H scores improve across the age groups tested. The data
also confirm differences in right and left ear scores and a strong test-retest reliability between
test administration sessions. These results suggest that the CST-H has the potential to be a

useful tool for the assessment of binaural separation in Hindi-speaking children.

5.1 Age-Related Differences in CST-H Performance

The findings of the present study show there is a statistically significant difference
between the age groups for the ears, indicating that as the age increases, CST-H performance
improves. The age-related improvements observed in the CST-H are consistent with
developmental studies established in dichotic digit paradigms by Musiek (1983).

Research utilising the French Dichotic Digit Test demonstrated that performance
across both ears improved significantly as a function of age. This improvement in function is
directly associated with the age- related growth of auditory memory span and central
executive functions in children aged 6 to 12 years (Jutras et al., 2012). Similarly,
Lewandowska et al. (2023) confirmed this steady maturation in a Polish cohort. They

reported that 7- and 8-year-old children showed relatively poor performance for both right
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and left ear. However, digit recognition scores increase progressively, reaching adult-like
proficiency around age 12 to 13 years. Although dichotic digit tests assess binaural
integration primarily rather than binaural separation, both tasks reflect the broader maturation
of central auditory processing during childhood.

When examining dichotic listening using Consonant-Vowel (CV) syllables, as
phonologically salient but semantically meaningless stimuli that place considerable top-down
attentional demands on the listener. Moore et al. (2020) examined dichotic listening
performance using CV syllables in children aged 6 to 13 years. Scores tended to increase with
age, with children aged 11 to 13 performing relatively better than those aged 6 to 8. This
indicates a gradual improvement in CV syllable processing across childhood, reflecting the
progressive maturation of central auditory processing abilities, specifically dichotic
paradigms.

The developmental pattern is also highly consistent with the literature focusing on
dichotic word recognition. Kelley & Littenberg (2019) examined dichotic listening
performance using the SCAN-3 Competing Words Test in children aged 7 to 14 years. Scores
on the words test improved progressively with age across children aged 7 to 14 years.
Similarly, Mattsson et al. (2018) demonstrated that performance on the competing words test
improved significantly with age in a normative sample of 268 Norwegian children aged 7 to
12 years. Additionally, seven-year-old children showed the lowest scores and greatest inter-
individual variability, and performance approaching ceiling levels in the oldest age groups.
This indicates a gradual improvement in dichotic word processing across childhood,
reflecting the progressive maturation of central auditory processing abilities.

The competing sentences test, developed by Lvey & Willeford (1988), consists of 30
pairs of sentences presented simultaneously to both ears and is appropriate for children aged

5 years and older. Normative data available for ages 5 through 10 years demonstrate that
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scores improve progressively with increasing age, reaching 100% in both ears by age 10.

Rhythm et al. (2024b) Further confirmed this developmental course in typically
developing children aged 8 to 12 years, demonstrating a statistically significant effect of age
on competing sentence scores, with children aged 8 to 10 years performing significantly
lower than those aged 11 to 12 years, confirming the greatest improvement observed in the
oldest age group. These findings of these studies indicate that competing sentence
performance improves throughout childhood, reflecting the ongoing maturation of central
auditory processing abilities underlying binaural separation.

Effective binaural separation places considerable demands on auditory attention,
interhemispheric communication, and the suppression of competing acoustic signals (Bellis,
2003; Musiek & Chermak, 2014). These abilities continue to mature till late childhood.
Musiek & Chermak (2014) highlighted that dichotic listening development is directly
associated with maturation of higher-level auditory pathways and interhemispheric
connections. A key neuroanatomical structure in this context is the corpus callosum, whose
myelination continues through late childhood, with substantial maturation occurring around
11 to 12 years of age (Westerhausen & Hugdahl, 2008). Moncrieff (2011) observed that the
maturation of dichotic listening performance across childhood depends on the ongoing
development of the auditory cortex and corpus callosum. These abilities continue to integrate
through late childhood and into early adolescence. Similarly, Reynard et al. (2023), assessed
both binaural integration and binaural separation across a broad developmental range. They
reported that dichotic processing improves as the central auditory pathways and myelination
of callosal fibres of the corpus callosum mature. This neuroanatomical progress closely
corresponds with the notably larger performance gain observed between the 8 to 8.11 years

age group and the 11 to 11.11 years age group, suggesting that functional improvement of
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callosal pathways around this age is a key contributor to the observed age-related differences
in competing-sentence performance.

On the other hand, though there were differences across the adjacent groups such as 8
to 8.11years and 9 to 9.11years, it did not reach statistical significance. The finding is
consistent with the findings of Rhythm et al. (2024), reported no significant differences
among 8 to 9.11 years. This lack of differences could be a result of to the lower sample size
in each group. This pattern may reflect the gradual and cumulative nature of auditory
maturation rather than an absence of development, suggesting meaningful changes in binaural
processing may occur over broader developmental periods and may not be statistically
detectable within single-year age intervals. In a cross-sectional investigation by
Lewandowska et al. (2023) On central auditory processing maturation in children aged 7 to
16 years, reported that significant age effects on the dichotic digit test emerged primarily
between groups separated by several years; the younger children performed comparably
poorly to adjacent age groups but significantly more poorly than older cohorts. A similar
pattern was reported by Jutras et al. (2012), who found that improvements in binaural
integration on a dichotic digit task were most visible when children were compared across
wider age spans of approximately three years, rather than across individual years.

The role of attention and linguistic processing in CST-H performance plays an
important role. Unlike non-speech dichotic tasks, the CST-H presents meaningful sentence-
level material, requiring the listener not only to segregate competing acoustic streams but also
to engage in linguistic comprehension and selectively direct attention toward the target ear.
For younger children, this dual demand — perceptual and linguistic — may increase the
difficulty of the task beyond the ability of auditory maturation alone. Andersson et al.,(2008)
demonstrated that children are considerably less effective than adults at deploying top-down

attentional control under dichotic listening conditions, particularly when the demands of the
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task conflict with a naturally occurring stimulus-driven ear preference. The reduced capacity
for volitional attentional modulation in younger children, as reported by Shinn et al. (2005),
may have contributed to the lower scores observed in the 8—8.11 years and 9-9.11 years age
groups in the present study. The gradual improvement in CST-H performance across age
groups, therefore, likely reflects maturing of auditory processing, developing
interhemispheric connectivity, and progressively more efficient cognitive and attentional
regulation — all of which interact to support increasingly effective binaural separation in

older children.

5.2 Comparison Between Right-Ear and Left-Ear Performance

The findings indicated a statistically significant Right-ear advantage (REA) for all
four age groups in the present study. In every age group, right-ear scores exceeded left-ear
scores. This finding is in close agreement with the foundational dichotic listening literature
proposed by Kimura & Joseph (1966), who demonstrated that the REA for verbal stimuli
reflects the predominance of contralateral auditory pathways and left-hemisphere
specialisation for speech processing. According to Kimura’s structural model, auditory
information presented to each ear is represented more efficiently in the contralateral
hemisphere via dominant crossed auditory pathways. Consequently, linguistic stimuli
presented to the right ear benefit from more direct and efficient access to the language-
dominant left hemisphere for processing. The evidence presented by Kimura (1967) further
demonstrated that asymmetrical functioning of the cerebral hemispheres is reflected in
unequal perception of dichotically presented speech stimuli, resulting in right-ear superiority

in individuals with left-hemisphere language dominance.

The competing sentence paradigm used in the present study places substantial

demands on binaural separation and selective auditory attention. Under such conditions,
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hemispheric asymmetry becomes more apparent, thereby producing greater right-ear
superiority. Subsequent dichotic listening research has consistently replicated these findings
across different stimulus types and age groups. Specifically, Musiek (1983) noted that
dichotic digit tasks consistently demonstrate right-ear superiority and reported that similar
findings have also been observed for other speech stimuli in dichotic listening research.
Collectively, these findings support the interpretation that the REA observed in the present
study reflects normal hemispheric asymmetry for speech processing rather than a task-
specific bias.

The persistence of the REA and its underlying structural mechanisms is heavily
dependent on the functional integrity of interhemispheric auditory pathways, particularly the
corpus callosum. Westerhausen & Hugdahl (2008) highlighted that the corpus callosum not
only acts as a channel for the automatic exchange of information between the cerebral
hemispheres but also allows for dynamic interaction in supporting both bottom-up and top-
down stimulus processing. As maturation of the corpus callosum progresses during
childhood, communication between the cerebral hemispheres becomes increasingly efficient,
allowing left-ear information reaching the right hemisphere to be transferred more effectively
to the language-dominant left hemisphere.

Although right-ear superiority remained stable across all age groups, developmental
changes were observed in the magnitude of the interaural asymmetry. A gradual reduction in
the REA with increasing age was observed based on within-group mean differences between
right- and left-ear scores. While this reduction was not tested statistically, the trend reflects
progressive maturation of interhemispheric transfer mechanisms during middle childhood and
early adolescence. Moncrieff & Wilson (2009) similarly reported that performance improves
with age across different digit conditions, especially in the left ear, which leads to smaller

interaural asymmetries among older participants. Consequently, left-ear performance may
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improve at a relatively faster rate than right-ear performance during development, gradually
narrowing the interaural gap. The persistence of REA across all age groups in the present
study supports existing developmental literature on hemispheric lateralisation for speech
processing.

The magnitude of the REA is dynamically influenced by the linguistic and cognitive
complexity of the dichotic stimuli employed, which act as bottom-up modulators. Dichotic
listening paradigms using consonant-vowel (CV) syllables, digits, words, and sentences differ
substantially in their attentional, phonological, and linguistic demands, influencing both
overall performance and the degree of interaural asymmetry. Mukari et al. (2006) stated that
the magnitude of right-ear and left-ear scores, as well as REA, depends on the linguistic
content of dichotic listening tests and generally increases with linguistic hierarchy.

Studies employing dichotic consonant-vowel syllables generally report strong and
highly consistent REA effects because CV stimuli are brief, highly transient, and place
substantial demands on rapid phonetic decoding. The cognitive and attentional factors (top-
down modulators) also play an important role in this. Shinn et al. (2005) demonstrated that
attention significantly influences the ear advantage during dichotic CV listening tasks. The
REA increases when attention is directed toward the right ear and, in some cases, reverses to
a left-ear advantage under forced-left attention conditions. Hugdahl & Westerhausen (2016)
further justified this by illustrating how perceptual bottom-up factors interact with cognitive
top-down factors, such as attention focus, to shape the asymmetry of auditory language
information processing.

Word and digit-based dichotic listening tasks generally produce intermediate levels of
REA,; digits are highly familiar and overlearned stimuli with relatively low linguistic
complexity, allowing easier binaural integration and recall. Musiek (1983) reported that

dichotic digit tasks consistently produce right-ear advantages, although the degree of
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asymmetry was often smaller because digits impose comparatively lower phonological and
linguistic processing demands. Similarly, Moncrieff (2006), using the competing words
subtest of the SCAN test battery, demonstrated that competing-word paradigms are highly
sensitive to interaural asymmetry and can reveal reduced left-ear performance in children
with binaural integration difficulties.

. Jerger et al. (1968) shows that sentence-based materials provide a more realistic
representation of ongoing speech processing than isolated words because they incorporate
greater temporal and linguistic complexity. Shivashankar (1990) Similarly, it was noted that
the CST utilises natural continuous sentences that closely approximate real conversational
speech, increasing the linguistic and attentional demands placed on the listener.

Importantly, similar developmental and lateralisation patterns have been consistently
reported across multiple linguistic populations. (Goésy & Krepsz, 2018) examined dichotic
word recognition in Hungarian-speaking children and reported significant age-related
improvement in dichotic listening performance along with persistent right-ear superiority.
Recently, Rhythm et al. (2024)While developing and validating a Competing Sentence Test in
Kannada (CST-K), researchers reported a statistically significant difference between scores
obtained for the right and left ears, alongside significant age-related differences in binaural
separation performance among school-aged children. Comparable findings have also been
reported in Malay-speaking populations using dichotic digit paradigms, in French-speaking
children using dichotic digit tasks and in Polish-speaking children assessed using dichotic
digit paradigms (Jutras et al., 2012; Lewandowska et al., 2023; Mukari et al., 2006).

The convergence of findings across Hindi, Kannada, Hungarian, Malay, French, and
Polish-speaking populations supports the neurobiological universality of hemispheric
lateralisation for speech processing and the developmental maturation of binaural separation

abilities, rather than pointing to language-specific effects. Collectively, the present findings
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align with extensive dichotic listening literature demonstrating that right-ear superiority and
age-related improvements in competing speech performance are stable developmental
phenomena. The consistent findings of these studies support the validity of the CST-H as a
clinically relevant measure of binaural separation and central auditory processing abilities in

Hindi-speaking children.

5.3 Test—Retest Reliability of the Competing Sentence Test in Hindi (CST-H)

The strong statistical significance of Spearman rank-order correlations obtained
between the two test sessions for both ear conditions provides robust evidence of the test-
retest reliability of the CST-H. The correlation coefficients exceeded the benchmark
commonly recommended for clinically acceptable test-retest reliability in health-related
measurement instruments (Portney & Watkins, 2015), suggesting that variability in an
individual child's score upon re-testing doesn’t represent measurement error. The critical need
for reliable dichotic measures in clinical populations was emphasised by Kelley & Littenberg
(2019), who noted that establishing within-subject consistency across multiple
administrations is essential to ensure that intra-individual variability does not confound the
clinical diagnosis of auditory processing disorders. Furthermore, Ramachandran et al. (2023)
demonstrated that well-constructed dichotic listening paradigms exhibit robust intra- and
inter-session reliability, ensuring stable performance across repeated testing. This level of
reliability is of direct clinical importance, as it indicates that a single administration of the
CST-H yields scores that are stable and reproducible, thereby increasing confidence in
clinical decisions based on the test.

The ten-day interval between test sessions was selected to balance two competing
methodological concerns. Minimising the influence of procedural learning and stimulus-
specific memory effects while avoiding the confounding influence of genuine developmental

change in auditory processing ability over a longer period. This interval is consistent with
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contemporary psychometric research indicating that retest windows of one to two weeks are
optimal for ability and executive functioning measures, as they are sufficient to reduce
immediate recall of specific stimuli while avoiding genuine maturational change (Paap &
Sawi, 2016). Furthermore, this timeline aligns with established retest procedures utilised in
recent central auditory processing assessments, which standardise re-administration intervals
of approximately one week for both paediatric populations (Tanaka et al., 2022) and adults
(Ghosh & Nayaka, 2024). The high correlations between sessions, rather than a systematic
upward shift in scores, further support the stability of the CST-H across repeated
administrations and suggest the absence of a significant practice effect. No clinically
meaningful differences in scores were observed between test and retest sessions, providing
preliminary evidence against a significant practice effect.

The present findings contribute to the growing body of evidence that binaural
separation, as assessed by competing-sentence paradigms, reflects the integrity of higher-
order auditory processing pathways that are distinct from peripheral hearing sensitivity. All
participants demonstrated normal peripheral audiological profiles, yet meaningful intergroup
and interaural differences in CST-H performance, confirming that the test taps central rather
than peripheral auditory function. This distinction is theoretically significant because it
supports the view, articulated by Moore (2012) and Ahmmed et al. (2014), that listening
difficulties in children with normal hearing thresholds frequently arise from deficits in top-
down auditory processing, including selective attention, binaural integration, and figure-
ground segregation, rather than from cochlear dysfunction. The CST-H, by employing a
dichotic competing-speech paradigm, appears to engage precisely these higher-order
mechanisms, making it a theoretically appropriate tool for identifying such difficulties in

Hindi-speaking children.
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CAPTER VI

SUMMARY AND CONCLUSION

The present study was undertaken to develop and validate the Competing Sentence
Test in Hindi (CST-H), a language-appropriate measure of binaural separation for native
Hindi-speaking children aged 8 to 11 years. Binaural separation allows to selectively attend
to one ear while suppressing a competing message presented simultaneously to the other ear.
Its accurate assessment requires normative data derived from a linguistically matched
population. There is no such standardised tool for Hindi-speaking children, which represents
a significant gap in audiological practice in India. The study sought to establish age-specific
scoring data, document the right-ear advantage (REA), and evaluate test-retest reliability.

A total number of 40 participants (right-handed, native Hindi-speaking children)
assigned to four age groups of 10 participants each (8§-8.11, 9-9.11, 10-10.11, and 11-11.11
years) were recruited in the study. All participants underwent SCAP screening tests before
participation in the study. All the participants had to respond to the stimuli conducted at a
signal-to-competitor ratio of —15 dB using MATLAB-generated stimuli and calibrated
headphones, with scores recorded as total keywords correct per ear (maximum 30). The
Statistical analyses were performed in SPSS, using non-parametric procedures as the non-
normality of the dataset was confirmed by the Shapiro—Wilk test of normality (p > 0.05).

Three principal findings emerged.

First, CST-H scores increased significantly and progressively with age for both ears,
reflecting the ongoing maturation of central auditory pathways during this developmental

period.
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Second, a statistically significant right-ear advantage was observed, demonstrating
consistent left-hemisphere dominance for speech processing across all four age groups.

Third, strong Spearman rank-order correlations between initial and re-administration
scores for both ear conditions confirmed excellent test-retest reliability.

The CST-H demonstrated satisfactory psychometric properties and yielded age-

differentiated, ear-asymmetric scoring of Hindi sentences.

Limitations of the Study
1. The use of a relatively small group of 40 participants may restrict the ability to
generalise these findings to the broader, diverse Hindi-speaking population.
2. The use of only right-handed participants limits the generalizability of the findings to
individuals who are left-handed or exhibit mixed-hand dominance.
3. The study lacks a direct comparison between the CST-H and other established

binaural separation tools, which is necessary to fully confirm concurrent validity.

Implications of the Study
1. This research provides the standardised Competing Sentence Test — Hindi (CST-H)
specifically designed for evaluating binaural separation skills in children.
2. Establishing clear scoring benchmarks for different age groups helps reduce
misdiagnosis (false positives or negatives) caused by natural developmental

variations.

Future Directions
1. Ttis essential to develop normative data for a wider age range, including younger
children, adolescents, and the elderly. This can make the CST-H a more

comprehensive diagnostic tool across the lifespan.



58

2. Investigating performance across different signal-to-noise ratios can provide a more
detailed understanding of the performance of children at varying levels of
environmental competition.

3. Establishing construct validity by comparing the CST-H with a broader range of
central auditory tests will further strengthen its clinical utility.

4. The framework used here can be adapted to validate the CST in other major Indian

languages, addressing the country’s vast linguistic diversity.
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CST-H Sentence List

SI.

Target sentences

Competing sentences
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gl
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Y Gy
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20 FTOMdaMI MR O™ HI TAH I dHRT I §91d
w5l grar gl

21

Oga IUSR B 311 g

TSIl grad H A1 gid 6|

22 e P T S IYWEH B W U ISHI HHGaAd
ToeR | g gl

23 IO e U 99 AR J AR sam sga
SRR Bt B | o

24 AN E Hedh eX-cX BRA gl IR H gy 91X FAdad |

25 O ITH SR WR HIY T% frgds R U 99 ST ]
CERIED

26  JIHIRd 8 W Sl 9g YH 8 TR RTH BT
STl g EIRY

27 TggdtiRudierenyr RYE deHie! I edr gl
gl

28 S JWATF AR U1 THf H S8 aat B
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29

IO HY BB UPR G ST UND ddl T HRI B

30

I 9gd ORIGRI Bld 6| SR SRR & 916 [eudT |

31

1 1 U SV U Il S8 BT Bl el 1 BT grall

gl 2

32 AT A faUISa gl 3d &1 T0MT Fol i off Il
gl 2

33 fimarwrd & fsmr fAvrs URAR &1 S8 Sitgd HR T8l
IR gl

34

O HHFT g P oo Galy 9oy §81 W gl g

gl

35

YT & fomTgi 9ya  gganT @ Hie-ms Mg gidt
gl 2




Appendix 2

CST-H IPA Transcription

Sl Target sentences Competing sentences
1 bfa:i: tfitr bona:ta: fie do:st patr lik" rofia: fie
Practice
! 2 t/ha:tr gonit si:k" rofie: A€ ba:lok songi:t si:k" rofie: g
items
3 kisa:n khe:t d3o:t rofia: fie ma:li: bagi:tfa: si:ntf rofia:
fie
4 da:kija: sande:[ la:ta: fie moat/hua:ra: motMli: pakorta:
fie
5 sona:r gofina: bona:ta: fie lo:fa:r o:za:r bona:ta: fie
6  na:i: ba:l ka:fta: fie dordszi: kopra: silta: e
Test . . . . .
" bfe:r paha:r ki: tfofta:n par tforh rohi: e gilhori: pe: ki: tofini: par
ems
' tfor® rofii: Ae
8 batftfa: ga:na: ga: rofa: fie jovak kovrta: porf roha: hie
9 pondit mandir mé: ro:z pu:dza: korte: A bfiokt ro:z mondir mé: a:rti:
korte: A€
10 joh hor din vja;ja:m korta: he voh ro:z subohi pra:rthona:
korta: fie
11 ra:dza: hor mongalva:r dorba:r loga:ta: fie  sarpontf fiar so:mva:r
pantfa:jot korta: fie
12 b0:d a:sma:n se: dhiire: dhiire: girti: fie 0:s pattd: se: suboah suboh
topkti: he
13 mokori: diivair par dza:la: bunti: fie tfi:ti: zomi:n ke: ni:tfe: gfor
bona:ti: fie
14 dro:bi: d'vle: huve: kopre: ba:fior sukPa:ta:  ka:ki: sa:f parde: a:gon se:
fie otha:ti: fe
15  surradz du:bte: fii: oand"e:ra: ho:ne: lagta:  sond"ja: somoj gfor mé:

fe

di:pok dzola:te: hg
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16  some: se: pafile: ha:th pe:r d"o: le:ne: suboah uthkear bistar thi:k kor
tfa:fre: de:na: tfa:fire:
17  vjaja:m korne: se: fori:r madzbu:t rofita:  po:stik khane: se: se:fiat
fe otft/M: rofiti: fAe
18  gPor ki: sofa:i: karna: sab ki: komre: mé&: dzta:tu: o:r
dzmimme:da:ri: fe po:tfra: loga:na: zoru:ri: fie
19  ro:fi: ko: tove: par sé:ka: dza:ta: fie pora:the: par ghi: loga:kor
paro:ste: Ag
20 nrjomit vja:jam se: fori:r svost! rofita: he  titka: logva:ne: se: bi:ma:ri:
se: batfa:v ho:ta: Ae
21  me:Ama:n vpaha:r le:kor a:te: Ag paoro:si: da:vot me: famil
ho:te: A€
22 mohalle: ke: batft[0: ke: sa:th kPe:Ina: t/hat par patong vrana:
moze:da:r fie a:nondda:jok ho:ta: fie
23 songi:tsi:kMne: ke: lie: guru: ki: zoru:rat  nrgje si:k"ne: mé&: nirantor
ho:ti: fie obfja:s bofiut zoru:ri: fie
24 ta:la:b mé: mé:dfok torr torr korte: hg ba:rif me: ké:tfve: ba:har
nikolte: A€
25  pamni: ko: gorm karne: por bfa:p banti: ie  borf pighiolne: par pa:ni: bon
dza:ti: fe
26  outsa:firt home: por w:rdza: borfi dza:ti: ie  thoka:n ho:ne: por a:ra:m
korna: tfa:fre:
27  gonit sabfi: vigojo: ka: a:dha:r fie vidzna:n tokni:ki: dzna:n
de:ta: he
28  balb se: gfor ro:fon ho:ta: he papkha: gormi: me: thondok
de:ta: he
29  motfrli: ma:s ka: ek proka:r fie anda: po:sak tatvo: se:
bfora: fie
30  tu:fa:n bofivt vina:fka:ri: ho:te: A€ mdradfonus ba:rif ke: ba:d

dikhta: fie
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31  niim ka: pe:r o:sodfizjo gund: va:la: fe gothal ka: ptu:l la:I ron ka:
ho:ta: fie

32 som sopkhja: do: se: vibfa:dzit ho:ti: fie onont ki: gonna: nofi: ki:
dza: sokti: fie

33 mifrata: sva:rth ke: bia: nibfa:i: dza:ti: partva:r ka: band®on dzi:ven

fie bfor rofita: fie

34  pe:sa: koma:na: dzi:von ki: dzoruirat Aie  sonto:s sobse: bora: sukh
ho:ta: fie

35  Jamnti: proja:s ke: bina: nofif: sombfiov fie  sofijo:g se: koftna:i: a:sa:n

ho:ti: fie




65

REFERENCES

Ahmmed, A. U., Ahmmed, A. A., Bath, J. R., Ferguson, M. A., Plack, C.J., &
Moore, D. R. (2014). Assessment of children with suspected auditory
processing disorder. Ear and Hearing, 35(3), 295-305.
https://doi.org/10.1097/01.aud.0000441034.02052.0a

American Speech-Language-Hearing Association. (2005). (Central) auditory
processing disorders [Position statement].
https://www.asha.org/policy/PS2005-00114/

Andersson, M., Llera, J. E., Rimol, L. M., & Hugdahl, K. (2008). Using dichotic
listening to study bottom-up and top-down processing in children and
adults. Child Neuropsychology, 14(5), 470—479.
https://doi.org/10.1080/09297040701756925

Bantwal, A. R. (2011a). (Central) auditory processing disorders: Issues and
challenges in India. Perspectives on Global Issues in Communication
Sciences and Related Disorders, 1(2), 55-63.
https://doi.org/10.1044/gics1.2.55

Bantwal, A. R. (2011b). (Central) auditory processing disorders: Issues and
challenges in India. Perspectives on Global Issues in Communication
Sciences and Related Disorders, 1(2), 55-63.
https://doi.org/10.1044/gics1.2.55

Bellis, T. J. (2003). Auditory processing disorders: It'’s not just kids who have
them (Vol. 56, Number 5).

Bellis, T. J. (2011). Assessment and management of central auditory processing

disorders in the educational setting: From science to practice. Plural

Publishing.


https://doi.org/10.1097/01.aud.0000441034.02052.0a

66

Bishop, D. V. M. (2007). The SCAN-C in testing for auditory processing disorder
in a sample of British children.

Blauert, J., & Butler, R. A. (1985). Spatial hearing: The psychophysics of human
sound localization. The Journal of the Acoustical Society of America,
77(1), 334-335. https://doi.org/10.1121/1.392109

Broadbent, D. E. (1957). A mechanical model for human attention and
immediate memory. Psychological Review, 64(3), 205-215.

Carlini, A., Bordeau, C., & Ambard, M. (2024). Auditory localization: A
comprehensive practical review. Frontiers in Psychology, 15.
https://doi.org/10.3389/fpsyg.2024.1408073

Chinnasamy, S., Murthy, C. S., & Goswami, S. P. (2025). Awareness of medico-
legal legislations and ethics among audiologists and speech—language
pathologists: A preliminary educational intervention study. Journal of
Indian Speech Language & Hearing Association, 39(1), 17-24.
https://doi.org/10.4103/jisha.jisha 47 24

Corbin, N. E., Bonino, A. Y., Buss, E., & Leibold, L. J. (2016). Development of
open-set word recognition in children: Speech-shaped noise and two-
talker speech maskers. Ear and Hearing, 37(1), 55—63.
https://doi.org/10.1097/AUD.0000000000000201

Devous, M. D., Altuna, D., Furl, N., Cooper, W., Gabbert, G., Ngai, W. T., Chiu,
S., Scott, J. M., Harris, T. S., Payne, J. K., & Tobey, E. A. (2006).
Maturation of speech and language functional neuroanatomy in pediatric

normal controls. Journal of Speech, Language, and Hearing Research,

49(4), 856—-866. https://doi.org/10.1044/1092-4388(2006/061)



67

Durlach, N. 1., Thompson, C. L., & Colburn, H. S. (1981). Binaural interaction in
impaired listeners: A review of past research. International Journal of
Audiology, 20(3), 181-211. https://doi.org/10.3109/00206098109072694

Ghosh, P. G. V., & Nayaka, Y. N. H. (2024). Test-retest reliability of temporal
processing tests in normal hearing young adults. Journal of Indian
Speech Language & Hearing Association, 38(2), 136—140.
https://doi.org/10.4103/jisha.jisha 43 24

Gitto, M., Motta, N., Ald¢, M., Zanetti, D., & Di Berardino, F. (2025). Auditory
processing disorders: Navigating the diagnostic maze of central hearing
losses. Journal of Clinical Medicine, 14(7).
https://doi.org/10.3390/jcm 14072256

Grebenyuk, I. E., Gaufman, V. E., Tufatulin, G. S., Garbaruk, E. S., & Boboshko,
M. Y. (2025). [Central auditory processing disorders: Problems of
definition and classification]. Vestnik Otorinolaringologii, 90(2), 4-8.
https://doi.org/10.17116/0torino2025900214

Gosy, M., & Krepsz, V. (2018). Dichotic word recognition across ages. Govor,
35(1), 3-26. https://doi.org/10.22210/govor.2018.35.01

Hill, K. T., & Miller, L. M. (2010). Auditory attentional control and selection
during cocktail party listening. Cerebral Cortex, 20(3), 583—-590.
https://doi.org/10.1093/cercor/bhp124

Hodgson, W. R. (1967). Audiological report of a patient with left
hemispherectomy. The Journal of Speech and Hearing Disorders, 32(1),

39-45. https://doi.org/10.1044/jshd.3201.39



68

Hugdahl, K. (2011). Fifty years of dichotic listening research - Still going and
going and... Brain and Cognition, 76(2), 211-213.
https://doi.org/10.1016/j.bandc.2011.03.006

Hugdahl, K., & Westerhausen, R. (2016). Speech processing asymmetry revealed
by dichotic listening and functional brain imaging. Neuropsychologia, 93,
466—481. https://doi.org/10.1016/j.neuropsychologia.2015.12.011

Ismen, K., & Emanuel, D. C. (2023). Auditory processing disorder: Protocols
and controversy. American Journal of Audiology, 32(3), 614—639.
https://doi.org/10.1044/2023 AJA-23-00035

Ivey, R. G., & Willeford, J. A. (1988). Three tests of CNS auditory function.

Jerger, J., & Jerger, S. (1974). Auditory findings in brain stem disorders. Archives
of Otolaryngology - Head and Neck Surgery, 99(5), 342-350.
https://doi.org/10.1001/archotol.1974.00780030354006

Jerger, J., Speaks, C., & Trammell, J. L. (1968). A new approach to speech
audiometry. The Journal of Speech and Hearing Disorders, 33(4), 318—
328. https://doi.org/10.1044/jshd.3304.318

Jutras, B., Mayer, D., Joannette, E., Carrier, M.-E., & Chénard, G. (2012).
Assessing the development of binaural integration ability with the French
dichotic digit test: Ecoute dichotique de chiffres. American Journal of
Audiology, 21(1), 51-59. https://doi.org/10.1044/1059-0889(2012/10-
0040)

Keith, R. W. (2000). Development and standardization of SCAN-C Test for
Auditory Processing Disorders in Children. Journal of the American

Academy of Audiology, 11(8), 438-445.



69

Kelley, K. S., & Littenberg, B. (2019). Comparison of children’s double dichotic
digits and SCAN-3 competing words free recall scores. Journal of the
American Academy of Audiology, 30(5), 363—-369.
https://doi.org/10.3766/jaaa.17125

Kimura, D. (1967). Functional asymmetry of the brain in dichotic listening.
Cortex, 3(2), 163—178. https://doi.org/10.1016/S0010-9452(67)80010-8

Kunchur, M. N. (2023). The human auditory system and audio. Applied
Acoustics, 211. https://doi.org/10.1016/j.apacoust.2023.109507

Lawshe, C. H. (1975). A quantitative approach to content validity. Personnel
Psychology, 28(4), 563—575. https://doi.org/10.1111/j.1744-
6570.1975.tb01393.x

Lewandowska, M., Milner, R., Ganc, M., Wlodarczyk, E., Dolzycka, J., &
Skarzynski, H. (2023). Development of central auditory processes in
Polish children and adolescents at the age from 7 to 16 years. Current
Psychology, 42(3), 1789—-1806. https://doi.org/10.1007/s12144-021-
01540-x

Lynn, M. R. (1986). Determination and quantification of content validity.
Nursing Research, 35(6), 382—385. https://doi.org/10.1097/00006199-
198611000-00017

Mascarenhas, K. (2004). Auditory profile of children with suspected auditory
processing disorder. https://www.researchgate.net/publication/284632634

Mattsson, T. S., Follestad, T., Andersson, S., Lind, O., Qygarden, J., & Nordgérd,
S. (2018). Normative data for diagnosing auditory processing disorder in
Norwegian children aged 7—12 years. International Journal of Audiology,

57(1), 10-20. https://doi.org/10.1080/14992027.2017.1366670


https://doi.org/10.1016/j.apacoust.2023.109507
https://doi.org/10.1007/s12144-021-01540-x
https://doi.org/10.1007/s12144-021-01540-x

70

McNamara, B., Brungart, D. S., Bieber, R. E., Phillips, 1., Davidson, A. J., &
Gordon-Salant, S. (2025). Speech and non-speech auditory task
performance by non-native English speakers. Ear and Hearing, 46(4),
1056—1068. https://doi.org/10.1097/AUD.0000000000001648

Moncrieff, D. W. (2006). Identification of binaural integration deficits in children
with the Competing Words Subtest: Standard score versus interaural
asymmetry. International Journal of Audiology, 45(9), 545-558.
https://doi.org/10.1080/14992020601003196

Moncrieff, D. W. (2011). Dichotic listening in children: Age-related changes in
direction and magnitude of ear advantage. Brain and Cognition, 76(2),
316-322. https://doi.org/10.1016/j.bandc.2011.03.013

Moncrieff, D. W., & Wilson, R. H. (2009). Recognition of randomly presented
one-, two-, and three-pair dichotic digits by children and young adults.
Journal of the American Academy of Audiology, 20(1), 58-70.
https://doi.org/10.3766/jaaa.20.1.6

Moore, D. R. (1991). Anatomy and physiology of binaural hearing. International
Journal of Audiology, 30(3), 125—134.
https://doi.org/10.3109/00206099109072878

Moore, D. R. (2012). Listening difficulties in children: Bottom-up and top-down
contributions. Journal of Communication Disorders, 45(6), 411-418.
https://doi.org/10.1016/j.jcomdis.2012.06.006

Moore, D. R., Hugdahl, K., Stewart, H. J., Vannest, J., Perdew, A. J., Sloat, N. T.,
Cash, E. K., & Hunter, L. L. (2020). Listening difficulties in children:

Behavior and brain activation produced by dichotic listening of CV



71

syllables. Frontiers in Psychology, 11.
https://doi.org/10.3389/fpsyg.2020.00675

Mukari, S. Z., Keith, R. W., Tharpe, A. M., & Johnson, C. D. (2006).
Development and standardization of single and double dichotic digit tests
in the Malay language. International Journal of Audiology, 45(6), 344—
352. https://doi.org/10.1080/14992020600582174

Musiek, F. E. (1983). Assessment of central auditory dysfunction: The dichotic
digit test revisited. Ear and Hearing, 4(2), 79-83.

Musiek, F. E.; & Chermak, G. D. (2014). Handbook of central auditory
processing disorder: Vol. 1. Auditory neuroscience and diagnosis. Plural
Publishing.

Nagaraj, N. K., Magimairaj, B. M., & Schwartz, S. (2020). Auditory distraction
in school-age children relative to individual differences in working
memory capacity. Attention, Perception, and Psychophysics, 82(7),
3581-3593. https://doi.org/10.3758/s13414-020-02056-5

Ohta, F., Hayashi, R., & Morimoto, M. (1967). Differential diagnosis of
retrocochlear deafness: Binaural fusion test and binaural separation test.
International Journal of Audiology, 6(1), 58—62.
https://doi.org/10.3109/0538491670907423 1

Ozmeral, E. J., & Higgins, N. C. (2022). Defining functional spatial boundaries
using a spatial release from masking task. JASA Express Letters, 2(12).
https://doi.org/10.1121/10.0015356

Paap, K. R., & Sawi, O. (2016). The role of test-retest reliability in measuring

individual and group differences in executive functioning. Journal of



72

Neuroscience Methods, 274, 81-93.
https://doi.org/10.1016/j.jneumeth.2016.10.002

Payne, L., Rogers, C. S., Wingfield, A., & Sekuler, R. (2017). A right-ear bias of
auditory selective attention is evident in alpha oscillations.
Psychophysiology, 54(4), 528-535. https://doi.org/10.1111/psyp.12815

Pinheiro, M. L., & Musiek, F. E. (1985). Assessment of central auditory
dysfunction: Foundations and clinical correlates. Williams & Wilkins.

Polit, D. F., & Beck, C. T. (2006). The content validity index: Are you sure you
know what’s being reported? Critique and recommendations. Research in
Nursing & Health, 29(5), 489—497. https://doi.org/10.1002/nur.20147

Portney, L. G., & Watkins, M. P. (2015). Foundations of clinical research:
Applications to practice. Pearson/Prentice Hall.

Price, C. N., Miller, A., & Hall, C. (2025). Language-appropriate assessment
improves central auditory processing evaluation of Spanish—English
bilinguals. Journal of Speech, Language, and Hearing Research, 68(12),
6100-6113. https://doi.org/10.1044/2025 JSLHR-24-00924

Ramachandran, S., Kumaar, B., Karupaiah, K., Rajan, R., Kodilingam, A.,
Manoj, A., & Prabhu, P. (2023). Test-retest reliability of dichotic listening
test in younger adults with normal hearing. The Egyptian Journal of
Otolaryngology, 39(1), 185. https://doi.org/10.1186/s43163-023-00552-7

Reynard, P., Joly, C. A., Damien, M., Le Normand, M. T., Veuillet, E., & Thai-
Van, H. (2023). Age-related dichotic listening skills in impaired and non-
impaired readers: A comparative study. Journal of Clinical Medicine,

12(2). https://doi.org/10.3390/jcm12020666



73

Rhythm, B., Palaniswamy, H. P., & Muthu, A. N. P. (2024). Development and
validation of Competing Sentence Test in Kannada. CODAS, 36(6).
https://doi.org/10.1590/2317-1782/20242023355EN

Shinn, J. B., Baran, J. A., Moncrieff, D. W., & Musiek, F. E. (2005). Differential
attention effects on dichotic listening. Journal of the American Academy
of Audiology, 16(4), 205-218. https://doi.org/10.3766/jaaa.16.4.2

Shivashankar, N. (1990). Competing sentence test: A test for central auditory
dysfunction.

Swetha, M., Ramiz Malik, M., & Mathews, M. (2024). Practice trends in
(C)APD assessment and management: A survey of audiologists in Kerala.
Indian Journal of Otolaryngology and Head and Neck Surgery, 76(5),
4285-4291. https://doi.org/10.1007/s12070-024-04838-x

Tanaka, T. N., de Carvalho, N. G., Colella-Santos, M. F., & do Amaral, M. 1. R.
(2022). AudBility: Test-retest reliability in typically developing children
aged 6 to 7 years. CODAS, 34(6). https://doi.org/10.1590/2317-
1782/20212021219EN

Tollin, D. J. (2003). The lateral superior olive: A functional role in sound source
localization. Neuroscientist, 9(2), 127-143.
https://doi.org/10.1177/1073858403252228

Westerhausen, R. (2019). A primer on dichotic listening as a paradigm for the
assessment of hemispheric asymmetry. Laterality, 24(6), 740-771.
https://doi.org/10.1080/1357650X.2019.1598426

Westerhausen, R., & Hugdahl, K. (2008). The corpus callosum in dichotic

listening studies of hemispheric asymmetry: A review of clinical and



74

experimental evidence. Neuroscience and Biobehavioral Reviews, 32(5),
1044—1054. https://doi.org/10.1016/j.neubiorev.2008.04.005

Westerhausen, R., & Kompus, K. (2018). How to get a left-ear advantage: A
technical review of assessing brain asymmetry with dichotic listening.
Scandinavian Journal of Psychology, 59(1), 66-73.
https://doi.org/10.1111/sjop.12408

Willeford, J. A., & Burleigh, J. M. (1985). Handbook of central auditory
processing disorders in children. Grune & Stratton.

Willeford, J. A., & Burleigh, J. M. (1994). Handbook of clinical audiology. In J.
Katz (Ed.), Handbook of clinical audiology (4th ed., Vol. 1, pp. 256-268).
Lippincott Williams & Wilkins.

Zhang, H., Zhou, Y., & Reiss, L. (2023). Editorial: Listening with two ears — new
insights and perspectives in binaural research. Frontiers in Neuroscience,
17. https://doi.org/10.3389/fnins.2023.1323330

Wit, E., van Dijk, P., Hanekamp, S., Visser-Bochane, M. 1., Steenbergen, B., van
der Schans, C. P., & Luinge, M. R. (2018). Same or different: The overlap
between children with auditory processing disorders and children with
other developmental disorders: A systematic review. Ear and Hearing,

39(1), 1-19. https://doi.org/10.1097/AUD.0000000000000479



