Chapter 1

Introduction

1. Introduction

Speech is an integral part of human communication and acts as a link between individuals and
societies. However, for some people, a speech disorder known as stammering makes this act of
communication a formidable challenge. Stammering, also called stuttering, is a type of speech
fluency disorder that affects the rhythm and flow of speech. It is a severe speech disorder that
causes repetitions, pauses that are not voluntary, and other complex speech impairments (Logan,
2019). The exact definition of stammering can vary somewhat depending on the diagnostic criteria
used, but most definitions include the key components of speech disruptions and the impact of
these disruptions on communication. Stammering may affect anyone, but some research claims
that male are four times more likely to develop this (Wepman, 1939). Childhood stammering or
Developmental stammering happens at an early age, on average at the age of three. Persistent
stammering starts in childhood and continues into adulthood. In both cases, the self-esteem, social
interactions, and overall quality of life of an individual can all be significantly impacted by this
speech disorder. Studies reveal that as children and adolescents who stutter, they may experience
increased anxiety symptoms compared to their non-stammering peers, indicating that stammering

can have an adverse effect on their mental health (Bernard et al., 2022).

Although a great deal of research has been done on stammering in a variety of languages, there is
still a glaring lack of studies that specifically address stammering in the Hindi language. Hindi is

one of the languages that is spoken the most widely in the world, especially in India and among



the Indian diasporas around the world (Chandramouli & General, 2011) (Eberhard et al., 2020).
To create targeted interventions, support systems, and advancements in speech recognition
technology that meet the unique needs of this linguistic community, it is essential to comprehend

stammering among Hindi-speakers.

The goal of our thorough investigation into Hindi stammering is to identify its linguistic
characteristics, difficulties, and potential points of support and intervention. We aim to provide
useful insights that can be applied to stammering research as well as the more general field of
speech disorders and language technology by investigating both computational and linguistic

aspects.

This thesis aims to advance academic discussion on stammering, promote inclusivity and
understanding of speech disorders, and advance technologies that help people who have
communication difficulties. To improve the lives of people who stammer in the Hindi-speaking
world, it is our hope that this research will spark additional research in the area and inspire the

creation of creative solutions.

1.1 Background and Motivation

Long-term efforts have been made by researchers and speech-language pathologists (SLPs) to
comprehend stammering and create efficient therapeutic approaches. Research on stammering has
advanced significantly, resulting in the creation of techniques for managing and enhancing speech
fluency that are based on scientific evidence. Additionally, technological developments,
particularly in Automatic Speech Recognition (ASR) and voice-activated technologies, have
created new opportunities for improving accessibility and communication for people who

stammer.



Despite the advances in stammering research and technological advancements, Hindi speakers, for
example, have not received much attention in this area. Millions of people, particularly in India,
use Hindi, one of the most widely spoken languages in the world, as their primary or second
language. However, the linguistic nuances and characteristics of Hindi stammering remain largely

unexplored, leaving a significant gap in our knowledge of the condition.

The motivation behind this thesis stems from the desire to fill a gap in Hindi-language stammering
research. We aim to contribute to a deeper understanding of the disorder and open the way for
more efficient diagnostic and therapeutic methods by delving into the subtleties of Hindi
stammering. Additionally, the goal of this research is to help people who stammer overcome

communication barriers and participate more confidently in social and professional contexts.

The path leading to this thesis on Hindi stammering begins with an important encounter: the
attendance of an international seminar at IIAS, Shimla, with the title "Exigency in the Field of
Speech-Language Pathology in India." This life-changing seminar highlighted the difficulties
faced by Speech-Language Pathologists (SLPs) in India, particularly with regard to the lack of
focus on Hindi language speakers' stammering. The seminar's discussions highlighted the dearth

of information and resources for people who stammer in the Hindi-speaking community.

I came across a moving real-life example of the effect of stammering on a person's life during my
time at the seminar. During my hostel days one of my close friends struggled with the distressing
inability to use voice-activated technologies because he stammered. I became acutely aware of the
urgent need for research and interventions to address the problems faced by those who stammer in
Hindi after witnessing the marginalization of such people in a world where voice technologies

were becoming increasingly common.



Together with the revelations from the seminar, this profound personal experience ignited a
burning desire inside me to meaningfully contribute to this underrepresented field. I came to the
realization that by working on Hindi stammering, I could try to empower countless people who
have long struggled to find their voice in a world that frequently does not allow for their particular

speech patterns.

In addition, the lack of research on Hindi speakers' stammering inspired me to undertake this
challenging project. Although extensive research had been done on stammering across many
languages, it was startling how little had been done, specifically on Hindi. It was essential to fill
this important research gap and offer insights that might have wider ramifications for the fields of
speech-language pathology and language technology because Hindi continues to be a language of

enormous cultural and linguistic significance.

The idea of making voice-activated technology accessible to people who stutter in Hindi and
enabling them to take part in modern communication platforms more inclusively was also a
motivating factor. We could lay the groundwork for a future in which language technologies are
created with inclusivity in mind, amplifying the voices of all people regardless of their particular

speech patterns, by bridging the gap between stammering and speech recognition technology.

The specific experiences I had at the seminar, along with seeing the difficulties my friend was
having, have served as the impetus for this research journey. This thesis aims to dismantle barriers,
advance knowledge, and promote positive change in the lives of people who stammer by
investigating the linguistic complexities of stammering in Hindi and utilizing computational

advancements.



[ am driven by the conviction that even the smallest contributions can make a substantial difference
as [ embark on this academic endeavor. With the help of this study, I hope to significantly improve
the lives of people who stammer while also fostering acceptance of the various voices that

contribute to the rich tapestry of human communication.

This thesis seeks to serve as a testament to the enduring power of research and its potential to uplift
those who have long yearned to be heard. It does so with an unwavering commitment to knowledge
advancement, human empowerment, and the development of more compassionate language

technologies.

1.2 Objectives

The purpose of this thesis is to fill a significant knowledge gap and to address the problems that
Hindi-speakers who stammer face. The main issue is the lack of targeted interventions and
technological solutions for Hindi language speakers who stammer due to the limited understanding

of Hindi stammering characteristics and nuances.

The thesis will investigate the linguistic nuances of Hindi stammering, including its
manifestations, sound patterns, syntactic structures, semantic implications, pragmatic usage, and
social aspects, to address this issue. To support innovative research and experimentation, a
comprehensive dataset of Hindi-stammering speech will be gathered and annotated using

innovative annotation methods. In particular, the thesis aims to

e Analyze and understand the linguistic characteristics of stammering in the context of the

Hindi language.



e Develop a comprehensive dataset of stammered speech in Hindi for further analysis and
experimentation.

e Propose a novel annotation schema to capture the subtleties and nuances of stammering
patterns in Hindi.

e Investigate the potential of using stammering data to enhance Automatic Speech
Recognition (ASR) models, ensuring inclusivity and accessibility for individuals who
stammer.

e Design and evaluate a binary stammering classifier to distinguish stammered speech from
non-stammered speech, facilitating the integration of stammering-specific ASR models
into existing speech recognition pipelines.

e Conduct a linguistic analysis of stammering in Hindi, encompassing sound features,
syntactic structures, semantic content, pragmatic usage, and the social implications of

stammering.

1.3 Methodology

The methodology employed in this research is designed to comprehensively investigate the
linguistic and computational aspects of stammering, focusing specifically on native speakers of
Hindi. The research methodology aimed to enhance Automatic Speech Recognition (ASR)
systems for native Hindi speakers with stammering. Speech samples from diverse stammering
speakers were collected, forming a comprehensive dataset. A refined annotation schema,
developed through expert consultation, captured intricate stammering linguistic features. After

transcription and cleaning, the data was annotated following the schema. A binary classifier,



trained on this annotated data using advanced machine learning techniques, could discern subtle
stammering cues in speech. Integrating the classifier into ASR pipelines enabled real-time
decision-making, directing stammered speech through specialized processing. Specialized ASR
models were trained to recognize stammering patterns, accompanied by general models for overall
accuracy. Comparative analysis assessed the integration's effectiveness. The comprehensive
methodology, including diverse data collection, refined annotation, intelligent integration, and
specialized training, aimed to improve ASR for stammering individuals, fostering more accessible

and accurate speech technology.

The research is divided into two primary facets: linguistic analysis of stammering-related
phonological, syntactic, and semantic peculiarities, and the development of enhanced virtual

assistant technologies catering to individuals with stammering.

e Linguistic Analysis

To examine the linguistic aspects of stammering, a corpus of speech samples from native Hindi
speakers exhibiting stammering was collected. The selection of participants was based on
predefined criteria to ensure a representative sample. The collected data was then transcribed and
annotated following a schema designed to capture phonological, syntactic, and semantic
characteristics associated with stammering. This annotation schema was iteratively refined

through expert consultation to ensure accuracy and relevance.

e Computational experiments

To enhance virtual assistant technologies for individuals with stammering, a binary classifier was
developed using machine learning techniques. This classifier aims to determine whether a given

speech sample contains instances of stammering. The training dataset for the classifier was created



using the previously collected and annotated speech data. The model was trained using established
machine learning algorithms, leveraging features that capture temporal, spectral, and prosodic

aspects of speech.

The proposed integration of the binary classifier into Automatic Speech Recognition (ASR)
pipelines is a key aspect of the computational enhancement. The classifier's output acts as a filter,
segregating speech samples with stammering from those without. This enables the direction of
stammered speech data towards ASR models specifically trained on stammering-related speech
patterns, while fluent speech data is processed by a general ASR model. The efficacy of this

approach is evaluated through performance analysis.

It is important to note that while this section provides an overview of the methodology, each step
will be discussed in detail in the respective chapters, providing a comprehensive understanding of

the research approach and its execution.

1.4 Interdisciplinary relevance of the work

This research constitutes an innovative interdisciplinary exploration, traversing the fields of
Linguistics, Computer Science (with a focus on Natural Language Processing - NLP), and Speech
Language Pathology (SLP). Stammering in Hindi serves as the focal point, adding a layer of
complexity and uniqueness to this academic endeavor. The integration of linguistic analysis,
computational methodologies, and clinical perspectives establishes a holistic framework,
underscoring the interconnectedness of these diverse disciplines. This interdisciplinary approach
not only contributes to a more nuanced understanding of stammering but also highlights the
imperative of collaborative research to address complex phenomena that transcend individual

academic silos.



The importance of this interdisciplinary research extends beyond the confines of academia,
resonating with broader societal needs. Stammering, a speech disorder that can significantly
impact an individual's quality of life, remains a challenge that requires targeted interventions and
support systems. By centering the investigation on Hindi, one of the world's most widely spoken
languages (Eberhard et al., 2020), this research addresses a glaring gap in literature, recognizing
the linguistic diversity inherent in stammering experiences. The implications of this work are
profound, as it strives to not only advance theoretical understanding but also to translate insights
into tangible applications, ranging from clinical interventions to advancements in speech

recognition technology tailored for Hindi speakers.

In the societal context, the relevance of this research becomes evident in its potential to bring about
positive change for individuals who stammer in Hindi. By unraveling the linguistic characteristics
of stammering in this linguistic community, the research aims to contribute to more effective
therapeutic strategies and inclusive technological solutions. The need for such work is underscored
by the prevalence of Hindi as a primary or secondary language for millions of individuals,
particularly in India. The societal impact of stammering, often underestimated, can be profound,
influencing self-esteem, social interactions, and overall well-being. This interdisciplinary research
thus aligns with a broader commitment to improving the lives of individuals facing communication

challenges within the Hindi-speaking population.

Furthermore, the trajectory of this research has the potential to inspire and influence other
researchers. The lack of comprehensive studies on stammering in Hindi reflects a broader trend
where certain linguistic communities are underrepresented in academic research. By pioneering
this inquiry, the hope is to catalyze interest and encourage scholars to delve into similar unexplored

territories. The interdisciplinary nature of this work sets a precedent, illustrating the benefits of



collaborative efforts in tackling complex issues. As other researchers witness the impact and
relevance of interdisciplinary approaches, it may prompt a shift in the academic landscape,
fostering a more holistic and interconnected approach to understanding and addressing

communication disorders.

This interdisciplinary research on stammering in Hindi not only contributes to the academic
discourse in Linguistics, Computer Science, and Speech Language Pathology but also addresses a
significant societal need. Through its focus on a widely spoken language and its potential to
influence future research trajectories, this work stands as a testament to the power of
interdisciplinary collaboration in advancing knowledge, promoting inclusivity, and inspiring a new
generation of scholars to explore the intricacies of communication disorders within diverse

linguistic contexts.

1.5 Outline of the Thesis

The rest of the thesis is divided into six comprehensive chapters, each of which adds to our
understanding of Hindi stammering and its potential applications. In this foundational chapter, we
provide an overview of the research work, its background, and the multifaceted motivations that
led to its inception. We laid the groundwork for a thorough investigation of the topic by delving
into the historical context and current difficulties in stammering research for Hindi language
speakers. The thesis' goals are carefully laid out, covering both the intellectual and societal
importance of looking at stammering in the context of the Hindi language. The chapter also
introduces the intricate connections that will run through the following chapters, illuminating the

reader's journey through the thesis' cogent structure and research journey.
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The second chapter presents a thorough and exhaustive review of the body of knowledge
concerning stammering, including its tools, techniques, and studies, across various linguistic
contexts. This comprehensive review, which places equal emphasis on computational and
linguistic aspects, goes beyond the bounds of earlier research by critically evaluating cutting-edge
methodologies and innovations. This chapter establishes the foundation for the original
contributions and innovative insights that this thesis seeks to offer by identifying gaps and

weaknesses in our understanding of stammering in Hindi.

The third chapter review of literature on Stammering meticulously surveys the existing literature
on stammering within Speech Language Pathology, focusing on its manifestations in Hindi.
Structured around linguistic, social, and computational dimensions, the chapter begins with an
overview of prevailing trends and gaps in stammering research. It then systematically examines
seminal papers, unraveling linguistic intricacies, social insights, and advancements in Natural
Language Processing. This exploration not only synthesizes current knowledge but also establishes
a robust framework for subsequent chapters, where our empirical contributions to understanding

and intervening in Hindi-speaking individuals with stammering take center stage.

In the fourth chapter the intricate process of data collection, processing, and curation is navigated,
which is solely dedicated to speech data from Hindi speakers who stammer. We aim to produce an
unmatched and meticulously annotated dataset through rigorous methodologies and careful
examination. The creation and application of a novel annotation schema are discussed in detail,
with the goal of capturing the subtleties and specifics of Hindi-specific stammering patterns. The
dataset's robustness and annotation schema guarantee its relevance for upcoming research projects,

fostering advancements and original discoveries in the field of stammering research.
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The fifth chapter embarks on an intellectual quest to uncover the profound linguistic characteristics
of stammering in the Hindi language, drawing inspiration from the complexities of language and
human communication. Stammering is analyzed from multiple angles, including its acoustic
characteristics, the syntactic complexities that underlie it, the implications of its semantics, and its
pragmatic and social implications. Stammering in the context of Hindi is better understood thanks
to this multifaceted linguistic analysis, which provides previously unheard-of insights into the

complexity of the disorder.

The sixth chapter introduces computational experiments that push the limits of ASR technology
by utilizing the strength of the carefully curated dataset. We aim to redefine accessibility for people
with stammering by effectively integrating stammering-specific ASR models with conventional
pipelines. The careful design and testing of a binary stammering classifier open the door to
precisely differentiating stammered speech, paving the use of customized ASR solutions. This
innovative study has the potential to make a leap in speech recognition technology for Hindi

speakers who stammer, leading to a time of inclusivity and empowerment.

In the closing chapter we summarize all the significant findings and contributions made throughout
the thesis in this concluding chapter. An exhaustive summary of the main results sheds light on
the route we have taken and echoes the long-lasting influence of this research on the field of
stammering and ASR technology. Our study has ramifications that go beyond academia, with the
potential to improve society and promote inclusivity. We acknowledge the difficulties encountered
along the way and seize the chances they present for further improvement and advancement as we
embrace the conclusion of this research journey. Future research directions are examined, paving
the way for a continuous advancement of understanding and compassion in the field of research

on stammering.
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1.6 Conclusion

In the initial chapter of this dissertation, a comprehensive groundwork has been laid to facilitate
the exploration of stammering within the context of Hindi speakers through computational
linguistic analysis. The chapter commences with an in-depth introduction, providing insights
into the background and motivation propelling this research. Clear articulation of the research
objectives sets the trajectory for an examination of stammering phenomena within the Hindi-
speaking population. Furthermore, a succinct overview of the chosen methodology is
presented, offering a detailed roadmap for the analytical endeavors that follow.

Central to this investigation is the integration of linguistic and computational analysis, a dual
approach that promises nuanced insights into the intricacies of stammering in the Hindi
language. The interdisciplinary relevance of this research is underscored, emphasizing its
potential to forge connections between linguistics, speech language pathology and
computational science, thereby providing a distinctive perspective on a complex phenomenon.
The unveiling of the thesis outline adds an additional layer of cohesion, with each subsequent
chapter briefly summarized to establish a coherent framework for the reader.

Building upon this foundational chapter, the subsequent section is poised to delve into the
broader landscape of stammering. This entails a systematic exploration of stammering,
encompassing various dimensions and aspects, with the aim of catering to a diverse audience,
ensuring that even those unacquainted with the intricacies of stammering can gain essential
insights and understanding. By establishing a robust understanding of stammering in general,
the groundwork is laid for a focused and insightful exploration of stammering within the

unique linguistic context of Hindi speakers in the forthcoming chapters.

13



