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Editorial

Disability is a part of human diversity, and significant to
inclusive and human development of any country. The 21st
century has brought to light the discourse on inclusivity and
accessibility for vulnerable communities, including persons
with disabilities. Post pandemic reports of WHO 2020,
2022 reported that persons with disabilities are less likely
to access health care, education, and employment and to
participate in the day to day life due to lack of manpower
and health care professionals in rehabilitation services at
the developing countries. As it was found that persons with
disabilities more likely to live in poverty, experience higher
rates of violence, neglect, and abuse, and are among the
most marginalized in any crisis-affected community. Hence,
United Nations promoted disability inclusion strategies to
mainstream people with disabilities in all spheres of life
including health care, education, workplace, and disaster risk
reduction strategies having an accountability framework for
sustainable development of any country. India is signatory
to United Nations Convention for the Rights of Persons with
Disabilities entered into ratification towards transforming
all its legislations and programmes through social inclusion
of persons with disabilities with fundamental principles of
equity and justice.

Global Report on Health Equity for Persons with Disabilities
(WHO, 2022) estimates 1.3 billion people with disabilities
which comprises of around 16% of the global population with
one or other kind of disability. The onset of disability and
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its nature can be by birth/congenital, sensory, neurological,
genetic, visible, invisible, acquired or/and age related
disabilities. The WHO report 2022 is raising the alarming
questions about the health status and survival of the people with
disabilities on the availability of health services, affordability,
safety, coping strategies, early identification, prevention and
treatments available for persons with disability. The WHO
report brings the focus on health equity for persons with
disabilities to the attention of decision makers at the center
stage in the health sector asking the governing bodies and
government for creating evidence based data on health needs
of PwDs and accordingly, health budgets and convergence
of health and disability schemes can be planned. Especially,
the health insurance schemes for persons with long term
disabilities will bring quality treatments on time and healthy
lifestyles to persons with disabilities. These disability health
insurance provisions are lacking in the health insurances
schemes and budgets of our country hence, government
organization’s health provisions are limited for PWDs. There
is absence of health insurance schemes for persons with
disabilities especially permanent disabilities like Locomotors
Disabilities, Cerebral Palsy a condition from birth, Parkinson’s
an age related disability, Multiple Sclerosis an Invisible and
Unpredictable Disability. The Blood Related disabilities
such as Haemophilia, Sickle Cell Diseases and Thalassemia,
where survival of life becomes a question in the absence of
life support health care services. Hence, the health insurance
schemes regarding these life threatening and dynamically
evolving disabilities becomes essential as Right to life and
the sustainable solution for these vulnerable population. India
has various innovative initiatives in health sector such as, The
National Programme on Elimination of Sickle Cell Anaemia
by 2047 under Viksit Bharat Vision launched in 2023, by
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Honorable Prime Minister, which are largely focusing on
Public Awareness, Prevention and mass early detection
and treatment followed by counselling. Hence, the report
recommends maintaining quality standards of health services
for persons with disabilities with long term illness having a
sustainable solution of universal health coverage (UHC). The
UHC means ‘all people have access to the full range of quality
health care services, they need without financial hardships, it
can be preventive, curative, long term rehabilitative health
care at an affordable price’ as basic human right under
right to life as our fundamental right. The Persons with
Disabilities may require long term/ short term quality health
services on regular basis for survival, which they are paying
from their own pockets, which creates financial hardships
and may be death leading to health inequities among the
persons with disabilities. These issues may be addressed by
the convergence programmes at the ministry with evidence
based research and country level actions are required to
address these gaps by top authorities. WHO estimates 2.5
billion people across the globe need one or more assistive
products for life especially movement disorders/locomotors
disabilities and age related disabilities etc. In order to
address gaps, WHO has launched Priority Assistive Products
List (APL) in May 2016, under health products policy
and standards of GATE (Global Cooperation on Assistive
Technology) and launched 50 assistive technology products
and assistive devices such as hearing aids, communication
aids, wheelchairs, spectacles, memory aids, pill organizers
which is a model list of essential medicines for survival and
integral part of universal health coverage for independent
and dignified living for all. As a result, In 2023, India has
launched its Priority Assistive Products List as National list
of Essential Assistive Products (NLEAP) by Indian Council
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of Medical Research (ICMR) along with Ministry of Social
Justice and Ministry of Health for its implementation in
the country. There are various National Level programmes
on Disability under Ministry of Health such as New Born
Screening Programme under RBSK Rashtriya Bal Swasth
Karyakram on Comprehensive Newborn Screening at delivery
checkups for early detection of birth related disabilities as
Early Intervention Programme of Disability. Also there are
other disabilities unique programmes like National Sickle
Cell Anemia Elimination Mission (NSCAEM) lanuched by
Hon Prime Minister in 2023 as public health problem and
based on that the Ministry of Health has developed with
operating guidelines to implement this mission focusing on
mass awareness, early screening and quality treatment in high
prevalent tribal belts of India to eradicate Sickle Cell Disease
by 2047. Similarly there are various National Programme
on Prevention and Control of Blindness, Deafness, Leprosy
etc. implemented by Ministry of Health at Central, State and
district level through government and civil hospitals. These
government programme has limited health provisions, such
as mass/public awareness, mass camps for early identification
of disability, pre and post-operative corrective surgery and
treatment with limited facilitates, which may be expanded
for quality treatment and health insurance for long term or
short term disabilities. Rehabilitation Council of India is
an apex body of Government of India for development of
Manpower and Rehabilitation Professionals in the country.
RCI is dedicated certifying body to regulate, control and
maintain the quality standards of professionals registered
under RCI. All disability based and rehabilitation courses are
approved by RCI for curriculum development, knowledge,
practice, skills competency. Only licensed rehabilitation
professionals under RCI can teach these courses, as certified
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rehabilitation professional under Continued Rehabilitation
Education throughout their professional career. One of the
Centre for Excellence of RCI is the Tata Institute of Social
Sciences (TISS) that established its Centre for Disability
Studies and Action in 2006. The Centre has a vision to
develop professionals specializing in field of disability studies
through its two years Masters Programme in Social Work in
Disability Studies and Action.

The TISS Journal of Disability Studies and Research, Volume
V, Issue I, December 2025, presents high-quality six research
papers. These six papers were selected after a rigorous peer-
reviewed process on the core theme of ‘Health Research,
Assistive Technology and Sustainable Development’ and
subtheme Inclusive Education are presented here. The journal
papers establishes an academic discourse on Health research
pertaining to persons with disabilities and provides insights
on the lives of Persons with Disabilities with their usage
of assistive technology facilitating independent living and
multiple factors fostering sustainable development in society.

The first paper, titled * Shifting L andscape of Disability and
Development in India: Analysis from Historical Trends
to future predictions [2001-2031]" has been authored by,
Arun Kumar Rajasekaran, Research Scholar, University of
Cambridge and Hana Kapadia, Research student from the
Cambridge Centre for International Research. This study is
highly significant to the theme of the Journal as it articulates
on the causes and trends of disability-related health burdens
across Indian states using multiple Disability-Adjusted Life
Years (DALY) types (covering communicable diseases, non-
communicable diseases, and injuries), gender disparities,
and Human Development Index (HDI) values. It predicts
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the disability trends from the year 2001-2031. The data
has been analyzed using censuses, data of health research
organisations, and data centres to provide the disability
trends in context of heath research. The study highlighted
the regression models to analyze trends across past decades
and make projections for 2031. A Linear Regression based on
Time Intervals was used. A linear regression was performed
on the data points from the years 2001, 2011, and 2021 to
find the best-fit model that represents the average rate of HDI
growth over this period. This model was then extended to
project the HDI value for 2031. The Method used in the study
are projection of the 2031 Human Development Index (HDI)
as the foundation of all subsequent Disability-Adjusted Life
Years (DALY) forecasts. Because of this, a linear regression
model was chosen for its reliability. The regression results
show a strong inverse relationship between communicable
disease DALYs and HDI. These results from the study
reflects a need to shift public health focus toward chronic
diseases and address gender disparities in disability outcomes
bringing strong focus on health research in disability sector.
This is a unique study contributing essentially to the body of
knowledge in disability studies with evidence based practices
to show the future roadmap in the area of Public health and
disability.

The second paper, titled ‘Vision System for Persons with
Visual Impairment’ authored by Muneer Khan, Research
Scientist, Cadre Tech Labs, United States of America
along with Rajeev Kumar, Professor of Computer Science,
Moradabad Institute of Technology, Uttar Pradesh, Sivam
VWas, Research Scholar, Indian Institute of Technology
Chennai and Shantanu Awasthi, Assistant Professor of
Data Analytics from Missouri Southern State University,
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Joplin, USA. The author comprehensively analyzed
various theoretical constructs around the use of Al enabling
Technology of persons with visual impairment using an
assistive device useful in every day lived experiences of
person with disabilities. The use of personalised and federated
face recognition system to address privacy issues as part of
the Al-based assistive vision is boon to the person with visual
impairment. The Technology is based on FaceNet Federated
average (FedAvg) and Federated Proximal (FedProx) Siamese
architecture to build the robust and privacy-aware across
diverse heterogeneous devices for day to day accessibility
needs of persons with visual impairment. The experiment
was carried out to test user’s feedback to design the Al based
learning and enabling device as vision system. The proposed
system could achieve the performance with good privacy
of personal user information and user flexibility, which is
an effective solution to the person with visual impairment
using assistive technology for all Activities of daily living.
The applied research is highly effective to develop assistive
product using Al enabling technology with sensors to
transform the lives of persons with visual impairment with
ten features of face detections, detection of danger, reading
textbooks, scanning assisting in all activities of daily living,
with protection of the privacy of the individual is a boon
for the society. I congratulate the author’s for their applied
research and developing this prototype to bring change in
lives of persons with disabilities.

The third paper is titled ‘Need for Effective Teacher
Education in the Inclusion of Students with Autism
Spectrum Disorder (ASD) in Mainstream Schools: A
Systematic Literature Review.” This paper is authored by
Ankita Bhattacharya, Research Scholar, Indian Council
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of Social Science Research (ICSSR), Dept. of Teacher
Education, and Renu Singh, Professor, Dept. of Teacher
Education. Central University of Haryana. The scientific
review of literature highlights the significant issues
related to teaching methodologies related to Students with
Autism Spectrum Disorder including limited professional
development, insufficient knowledge of ASD, a negative
attitude, and a lack of collaboration with parents and school
management. The study describes the struggle of teachers
with large class sizes, unclear policy directives, and a lack
of resources are the key factors affecting the the effective
teaching and learning in mainstream schools. This systematic
review of literature exhibits data from 20 studies across 14
countries to identify teachers struggling areas and need for
support services. The study summarizes with the urgent need
to restructure the teacher education curriculum, incorporating
skill based practical modules on ASD with resource allocation
and institutional support systems for fostering inclusivity in
schools.

The fourtharticle, titledas Navigatingl nclusivity: Exploring
the Intersection of Artificial Intelligence and Disability in
Education in India’ authored by Shivpal Chawda, Research
Fellow, School of Interdisciplinary and Trans-disciplinary
Studies, Indira Gandhi National Open University, The paper
aims to understand and explain various dimensions of the
intersection of disability in education and Al and shed light
on opportunities and challenges associated with integrating
these technologies. The important aspects of the paper will
include the role of Al in facilitating personalised learning that
is tailored to the specific needs of SWDs. The importance of
Al-driven tools like adaptive learning platforms and assistive
technologies in explained in existing literature contributing
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top inclusive education.

The fifth paper, titled ‘Uncovering the Overlooked Aspects
of Sign Language in the National Education Policy, 2020’
authored by Ratan Sarkar, Assistant Professor, Department of
Education, School of Humanities and Social Sciences, Tezpur
University (A Central University), The paper is quite novel
on role of sign language in NEP 2020 especially in relation
to hearing-impaired people/students. The critical analysis of
NEP 2020 on sign language inclusion in education contexts
using thematic analysis and review of relevant literature/
policy documents, gaps, deficiencies, and systemic barriers
to student participation with hearing loss are identified. The
research concludes with rigorous training of educators for
brining inclusivity to communicate with students with deafness
and hard of hearing and support such students using various
assistive technology. Study highlights the use of accessibility
measures for building inclusive education through training
of all stakeholders in promoting inclusivity, communication
accessibility, legal conformity, and pedagogical effectiveness.
The research argues to mandate sign language training in
higher education to transform every student with hearing
impairments learning opportunities and deaf education as a
value to bring inclusion in society using Sign Language as
mother tongue of the hearing impaired community as visual
moving linguistic codes.

The sixth paper is titled as ‘Prevalence, Correlates, and
Spatial Mapping of Mental Disability in India: Evidence
from District-Level Census and NSS Data’ authored by
Baikunth Roy working as Assistant Professor, Department
of Economics, College of Commerce, Arts and Science,
Patliputra University. The The paper critically analyses the
occurrence, determinants, and spatial distribution of the mental
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disability in India at the district level based on census data
(2001 and 2011) and NSS estimates (2002 and 2018). Mental
disability, which includes mental retardation the term used
in NSS estimates and now called as Intellectual Disabilities
and mental illness, is approximately 8 percent of the entire
population of persons with disability, and it has a significant
gender, rural-urban and regional variation. In addition, higher
underreporting is agreed on this section and prevalence is
observed to be more in the economically better-off states, such
as Kerala, Punjab and Tamil Nadu. The regression analysis
results exhibits significant correlates are urbanisation, elderly
people, quality of housing, access to safe drinking water,
and participation in the labour force. GIS mapping reveals
substantial spatial heterogeneity, which highlights that high-
prevalence clusters require targeted interventions. Hence, the
results emphasise targeted, region-specific policy interventions
which integrate medical, infrastructural and social strategies
from early detection and mental health support to sanitation,
housing and nutrition. The paper is suitable to the theme of the
journal providing the spatial and statistical mapping of mental
disability at the district level as grassroot level evidence for
policymakers to design inclusive, data-driven strategies for
promoting equity for persons with intellectual disabilities and
mental illness in India.

Allsix papers significantly contribute to the body of knowledge
of disability studies & research with a multidisciplinary focus
with special reference to health research, assistive technology
and inclusive education promoting sustainable development
in the country.

Vaishali Kolhe
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ABOUT THE JOURNAL

TI1SSJournal of Disability Studiesand Resear ch is a Journal
of multidisciplinary nature. The English Journal has been
started in June 2021 as biannual Journal (June, December).
It aims to transcend beyond the traditional boundaries
of academic disciplines such as Social Work, Sociology,
Psychology, Anthropology, law, Technology, Engineering,
Media, Medical Sciences, Rehabilitation Sciences,
Social sciences to facilitate and develop disability related
knowledge, research and innovative practices from the
multidisciplinary perspectives. It is peer reviewed/ referred
journal of interest to Disability studies professionals, social
workers, physiotherapists, occupational therapists, speech
and hearing professionals, sociologists, special educators,
teachers, legal experts, academia, psychologists, human
rights professionals, health care experts, scholars in any
discipline working in the disability sector, to contribute to the
field of disability studies. This Journal attempts to address the
contemporary and critical issues of persons with disability
across the life span and epistemological questions. The social
model conceptualises the social construction of disability,
marginalisation, intersectionality. The Medical Model
constitutes early intervention, therapeutic rehabilitation
for mainstreaming disability for independent living with
dignity. The Journal promotes indigenous work, evidence
based practice, field based research, people centred work at
grassroots that require scientific enquiry to develop disability
studies with bottom up approach. Essentially to understand
voices of persons with disability to contribute to the sector and
identification of research gaps important for policy makers.
Broader aspects are mainstreaming disability in education,
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livelthood, and work, family, community are important
towards strengthening their sustainable development. The
journal deals holistically with issue of disability studies and
inclusion with multidisciplinary lens to create an academic
space in disciplines on the subject of disability to develop
academic rigour and foundation of Disability Studies.

This is a flagship project of the Centre for Disability Studies
and Action, TISS. Through this journal, TISS aims to establish
a unique platform of multi-faceted discourse on disability in
all forms, including epistemological research, evidence based
practice, scientific analysis of people centered sustainable
development, promote grass root level work, provide voices
to people with disabilities and promote rights based approach
with UNCRPD framework in the academic spaces and
disciplines.

Aim To establish dialogue on multidisciplinary issues of
disability and inclusion with an aim to create an evidence
based knowledge and innovative practice to strengthen
the field of disability studies and promote principles of the
UNCRPD framework.

GUIDELINESFOR THE AUTHORS:
A. Submission of Manuscript

1. Communication and Submissions-All submissions and
subsequent communications regarding the manuscript
may be addressed to the chief editor by email at vaishali@
tiss.edu, vaishali@tiss.ac.in

2. Basic Prerequisites for Submission-Before the article
goes for peer review following prerequisites are required
to be met-a) Title and content of the article shall meet
the aim the Journal b) Word limit 5000-8000 words.
c¢) Abstract upto 200 words d) Referencing in APA 7%
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edition format as mentioned in the following guidelines.
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Abstract

This study delves into the causes and trends of disability-
related health burdens across Indian states. Through multiple
Disability-Adjusted Life Years (DALY) types (covering
communicable diseases, noncommunicable diseases, and
injuries), gender disparities, and Human Development Index
(HDI) values, these disability trends were evaluated. The data
for this study were compiled from censuses, health research
organisations, and data centres, among various other sources.
We built regression models and used them to analyze trends
across past decades and make projections for 2031. Our
regression results show a strong inverse relationship between
communicable disease DALYs and HDI. In other words,
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ongoing improvements in development and infrastructure
significantly reduced communicable disease DALYs. In
contrast, noncommunicable DALY's did not decrease despite
rising HDI. And lastly, injury DALYs showed moderate
declines with higher HDI, which reflects improvements in
healthcare and safety systems. Gender analysis showed male
overrepresentation among people with disabilities. These
results from our study support that there is a need to shift
public health focus toward chronic diseases and address
gender disparities in disability outcomes.

Keywords: India disability, Communicable Diseases;
Noncommunicable Diseases; Injuries, Disability-Adjusted
Life Years (DALY); Human Development Index (HDI)

Introduction

India has a population of over 1.4 billion people. With this
large population and regional inequalities, understanding
disability burdens and trends is especially necessary
(Rashmi & Mohanty, 2024). Disability plays a large role in
the overall health of communities, especially in social and
economic aspects. Disability, as defined by the World Health
Organization, is the relationship between health conditions
and outside environmental factors. The impact of disability
is best captured through Disability-Adjusted Life Years
(DALYs). DALYs are a measure of disease burden and
combine premature mortality and years lived with disability
into a numerical value (Murray & Acharya, 1997). In recent
decades, India has experienced increased development. This
can be easily interpreted from the rising Human Development
Index (HDI) values, improved education, and greater access
to healthcare (Smits & Permanyer, 2019; United Nations
Development Programme, 2025). Yet, while communicable
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diseases have decreased significantly, noncommunicable
diseases and injury-related burdens remain challenges (Murray
& Acharya, 1997). Gender also affects disability reporting.
The societal risks and biases that both men and women face
can affect data and policy responses (Registrar General and
Census Commissioner, India, 2014a, 2014b).

This paper aims to address the following objectives

1. Analyze how DALY burdens have evolved across Indian
states in the past decades (2001-2011) and how they
relate to HDI

2. Determine the gender disparities in disability
representation and what factors contribute to them

3. Use historical data to develop a machine learning model
that identifies and predicts DALY and HDI trends in the
present and future (2021-2031)

By addressing these targets, through this study, we aim to
provide insights into the changing landscape of disability
in India, highlight areas of persistent inequality, and inform
policies that address both emerging and present health
challenges.

Literature Review

Types of publications on health and disability trends in India
that provide context for this study are those that document
India’s epidemiological transition, analyze the connections
between socioeconomic development and health outcomes,
or examine the effect of gender on disability.

Before 2016, communicable diseases accounted for the
majority of India's total disease burden. However, that year,
noncommunicable diseases accounted for 61% of India's total
disease burden, though this wasn’t true across all states, with
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variance ranging from 75% in Kerala to just 48% in Bihar
(India State-Level Disease Burden Initiative Collaborators,
2017). The DALY metric was critical in this analysis (Murray
& Acharya, 1997). It is pertinent to note that, as measured by
DALYs, the health loss from diabetes was more rapid than any
other noncommunicable disease (from 26 million in 1990 to
65 million in 2016) This rapid growth was linked to high BMI
(overweight), and displays how diabetes is a major public
health crisis (India State-Level Disease Burden Initiative
Diabetes Collaborators, 2018). Issues such as suicide deaths
are also a major component of the injury burdens (Dandona
et al., 2020)

Socioeconomic development and health are often heavily
related. The study from Rashmi and Mohanty (2024) suggests
that locomotor, mental, and multiple disabilities are higher
among the poorest households compared to the wealthiest.
This displays the relationship between poverty and disability.
The poorest states and social groups often bear a higher
burden of disability. Low socioeconomic status is also an
accurate predictor of cardiovascular diseases, comparable to
other common risk factors such as hypertension, diabetes, and
smoking (Schultz et al., 2018). Lower-caste (Dalit) disabled
women also experience a "triple form of discrimination”
based on their gender, caste, and disability. The systematic
oppression they face often limits their access to healthcare
and leaves them overlooked in academic literature, causing
them to be invisible and vulnerable (Maurya, 2023). This is
due to lower income being linked with less education, lower
quality of care, less access to healthy food, and fewer spaces
for physical activity.

M ethodology
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Data collection for past and current years

The data used in this study was compiled from the 2001 and
2011 India Census conducted by the Government of India
(Registrar General and Census Commissioner, India, 2014a;
2014b), the Institute for Health Metrics and Evaluation
(IHME) (Tichenor, & Sridhar, 2020), and Global Data Lab,
an independent data and research center at Nijmegen School
of Management of Radboud University (Smits & Permanyer,
2019). From the census data, we used the number of disabled
individuals per state, total, and separated by gender. From
IHME, we compiled Disability-Adjusted Life Years (DALY)
values, and from Global Data Lab, we utilized the Human
Development Index (HDI) values.

This data was chosen because they provide a complete picture
of how human development and other socioeconomic factors
affect disease burden. By utilizing multiple sources and
separating data by Indian state, the compiled dataset was able
to determine the determining factors for wellbeing in a society.
The gender data displays how men and women experience
different rates of disability and healthcare access (Registrar
General and Census Commissioner, India, 2014a; 2014b).
The final dataset had 29 areas (28 states and 1 total India
measurement), 6 features, and four decades. Union territories
Andaman & Nicobar Island, Dadra and Nagar Haveli, Daman
& Diu, Lakshadweep, Puducherry, and Chandigarh were not
included in this study due to the unavailability of DALY data.
Odisha (formerly Orissa) was also excluded due to its lack of
2001 census data.

The six features compiled to study each Indian state are:

® DALY index, Type-A, (values from 2001, 2011, 2021,
projected 2031)

® DALY index, Type-B, (values from 2001, 2011, 2021,
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projected 2031)

® DALY index, Type-C, (values from 2001, 2011, 2021,
projected 2031)

®  HDI (values from 2001, 2011, 2021, projected 2031)

®  Disabled M/F Ratio (values from 2001, 2011, projected
2021, projected 2031)

m  Total M/F Ratio (values from 2001, 2011, projected
2021, projected 2031)

DALY is a measure of overall disease burden, determined
through the sum of years lost of life due to premature
mortality and years lived with the disability. It quantifies
the burden that disabilities cause in daily life. DALYs will
decrease if the impact of disabilities lessens and will increase
if the contrary. In the data, to ensure consistency throughout
different population sizes, DALYs were represented as a rate
per 100,000 people in the population.

In this study, DALY was broken down into three key
components:

1. Type-A: Communicable, maternal, neonatal, and
nutritional diseases

2. Type-B: Noncommunicable diseases (Neoplasms,
Mental, Respiratory, etc.)

3. Type-C: Injuries (Unintentional, Accident, Self-harm,
etc.)

Human Development Index (HDI) values measure overall
national/subnational achievements. The calculation is made
using three main dimensions: Life expectancy, education
(years of school), and standard of living (Gross National
Income per capita). It is measured between 0.00 and 1.00,
with a low value being under 0.550, medium 0.0550-0.699,
high 0.700-0.799, and very high above 0.800.
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Data predictionsfor future analysis

The past data were used to predict DALY and HDI values
for 2031. This was done in four sequential steps: Feature
Construction, Model Calibration, HDI prediction, and finally
DALY Prediction.

A dataset suitable for machine learning was first assembled.
The objective was to create a consolidated dataset that
the regression model could utilize. The dataset included
explanatory variables, the features.

The model used different input variables depending on the
prediction:

®  Predicting 2031 HDI: HDI (values from 2001, 2011, and
2021)

®  Predicting 2031 DALY Communicable: HDI (values
from 2001, 2011, 2021, and predicted

®  2031), and DALY Communicable (values from 2001,
2011, and 2021)

®  Predicting 2031 DALY Noncommunicable: HDI (values
from 2001, 2011, 2021, and predicted

= 2031),and DALY Noncommunicable (values from 2001,
2011, and 2021)

®  Predicting 2031 DALY Injury: HDI (values from 2001,
2011, 2021, and predicted 2031), and

= DALY Injury (values from 2001, 2011, and 2021)

Treating the three DALY metrics as separate features instead
of summing them allowed the model to differentiate the
specific influences of each type of health challenge on overall
human development. For instance, it can quantify whether
improvements in sanitation (affecting communicable DALY’s)
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have a greater or lesser impact on HDI than improvements in
road safety (injury DALYSs). It also provides more variables
for the model to analyze, allowing more data to back its
predictions. The following subsections go into further details
of ML techniques employed to attain the future projected
values used in this study.

HDI values prediction methodology
M ethod

A Linear Regression based on Time Intervals was used. A
linear regression was performed on the data points from the
years 2001, 2011, and 2021 to find the best-fit model that
represents the average rate of HDI growth over this period.
This model was then extended to project the HDI value for
2031.

This projection of the 2031 Human Development Index (HDI)
is used and is the foundation of all subsequent Disability-
Adjusted Life Years (DALY) forecasts. Because of this, a
linear regression model was chosen for its reliability. This
model was chosen over more complex alternatives, such as
polynomial and logarithmic, because of the risk of overfitting
and instability, especially with only three data points. To
avoid error propagation into further predictions, this stable
and defensible baseline was utilized.

Note: These predictions are based on linear extrapolation-
based modelling and hence do not account for non-linear
trends, such as decreased rates of HDI growth or the impacts
of unforeseen economic/social events. Nevertheless, this
simple model seems to capture enough trends and help us in
exploring the dataset in question.
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DALY values prediction methodology

For each of the three DALY categories—Communicable,
Noncommunicable, and Injury—three models (Linear,
Polynomial (Quadratic) Regression, and Exponential Decay)
were tested to determine the best fit for the data. An R-squared
test was performed to measure the fit.

Modelling DALY - Type A (Communicable) The Exponential
Decay model was chosen because it had the second-strongest
statistical fit to the data with nearly perfect R-squared values
across most states, while also following the expected real-
world trend: as HDI continues to rise, further reductions in
DALYs become increasingly difficult, leading to diminishing
returns. The polynomial model, though having a perfect R2 of
1.0, was discarded due to instability warnings (‘Polyfit may
be poorly conditioned’), indicating a high risk of overfitting.

Modelling DALY - Type B (Noncommunicable). The Linear
Regressionmodel was chosen foramultitude ofreasons. Firstly,
the relationship between development and noncommunicable
diseases is governed by the ‘epidemiological transition’,
a theory that describes how, as HDI increases and society
develops, populations live longer, leading to an increase in
chronic conditions and noncommunicable diseases. Because
of this, the exponential model was deemed too risky and
unstable, introducing too many unknowns and too much
randomness. Again, the R-squared (R?) value was used to
measure the goodness of fit, and the polynomial model was
discarded due to the risk of overfitting. Due to these reasons,
the Linear Regression model was selected.

Modelling DALY - Type C (Injury): A Linear Regression
model was chosen. The R-squared analyses showed that both
the Linear and Exponential models provided a strong fit to the
data, while the Polynomial model was again discarded due
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to the risk of overfitting. Linear Regression was ultimately
chosen because, although the Exponential also fit well,
the linear approach is a more conservative choice. The
exponential model assumes a pattern of diminishing returns,
where injury reduction becomes harder as HDI increases, but
there is no such theory that allows for this belief. The linear
model removes this layer of complexity while still capturing
the downward trend without making strong and potentially
incorrect assumptions about the shape of the relationship.

Analytical Discussion
Analysis from the past decades (2001-2011)
DALY vsHDI Comparison Results

The DALY and HDI measures are both numerical
representations of a population’s overall well-being. The
relationship between these two measures can be analyzed,
allowing us to identify how economic developments and
state systems can influence and shape disability burdens,
and then inform future policies. For example, improvements
in infrastructure such as public transport can reduce disease
transmission (lowering DALY), while also encouraging
economic growth by increasing productivity. Understanding
the interplay between DALY and HDI allows governments
and allied organizations to design more effective interventions
and understand all possible implications of their policies.

DALY type A - Communicable, maternal, neonatal, and
nutritional diseases

Through Figure 1, we can see how, in both 2001 and 2011,
even though there is considerable variability, states with higher
HDI have consistently lower DALY values. As HDI increases,
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DALY values tend to decrease. However, the scatter in the
2001 data suggests that there are other factors also playing a
role in determining the DALY values in the states. In 2011,
a much clearer and stronger negative correlation between
HDI and DALY was observed. States with lower HDI, around
0.50-0.55, still have higher DALY values, but the numbers
are lower than in 2001 (24,000 vs. 38,000). By 2011, the plot
shows a more pronounced downward trend, with states with
higher HDI having lower DALY's than in 2001.

By comparing these two years, we can conclude three main
takeaways:

Strengthening Inverse Relationship - From 2001 to 2011, the
correlation between HDI and DALY became less noisy, clearer,
and stronger. This shows how over the decade, improvements
in human development, such as health, education, and living
standards (all accounted for in HDI), were successfully
associated with a reduction in the effect of communicable
diseases across Indian states.

Overall decrease in Communicable Disease Burden (DALY
values) - There was a notable decrease in values from 2001 to
2011. The peak DALY dropped from 38,000 to 24,000. This
suggests that throughout the decade, changes were made that
lessened the burden and effects of communicable diseases
throughout India. This was likely due to improvements in
health, sanitation, and disease control systems.

Progress in Human Development - The general downwards
trend in the DALY values shows that there was overall
advancement in human development across Indian states.
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DALY type B - Noncommunicable diseases

As displayed in Figure 2, the results are not intuitive and are
different from the previous section of Type A DALY values.

In both 2001 and 2011, we can see that the measure of the
burden of noncommunicable diseases stayed fairly consistent,
with most states being around the 15,000-22,000 area. Even
with HDIs increasing through the decade, DALY values
still stayed constant. This poses the question of whether
noncommunicable diseases are significantly affected by the
improvements in the health and sanitation sectors during this
period.

DALY TypeC - Injuries

Figure 3 displays the relationship between a state’s HDI index
and its per 100,000 DALY value for injuries. Over the past 10
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years, the distribution of DALY due to injury changed notably.
In 2001, the DALY values were widely dispersed, ranging
from 2,500 to over 7,000 per 100,000 individuals. The data
were highly variable with little indication of a relationship
or trend between HDI and DALY. Some states with low HDI
had high DALY, while some states with high HDI (0.61) also
had high DALY. The lack of a clear trend suggests that, at the
time, injury burden was influenced by factors not directly tied
to overall development.

But by 2011, DALY values became more tightly clustered,
with most states having values between 2,500 and 5,500
DALYs per 100,000. This narrowing range indicates a
more consistent outcome between HDI levels and a general
reduction in injury burden. In addition, there is a slight negative
correlation between HDI and DALY. Higher HDI states have
lower DALY values. This indicates that improvements in
healthcare systems and infrastructure led to fewer disability-
causing injuries and more effective treatments.

Gender Ratio study

Analyzing the Indian census and health data displayed the
gender disparities in disability. In nearly all Indian states, the
disabled male—female ratio was consistently higher than the
overall gender ratio (shown in Figure 4), showing how men
are overrepresented in the disabled population relative to their
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proportion in the total population. In India in 2001, there were
12.6 million men with disabilities compared to 9.4 million
women. This is a disabled male—female ratio of ~1.34, while
the overall male—female ratio was just ~1.06.

Arunachal Pradesh is an outlier in this data, having a disabled
male-female ratio of nearly 2. Census Data showed that
66.6% of persons with disabilities in the state were male, the
highest proportion in India. We can likely explain this outlier
data through a few reasons. Firstly, Arunachal Pradesh has
a population of only 1.10 million. This is a number smaller
than that of other Indian regions. Because it has a smaller
population, it is more sensitive to small numerical changes,
and the overall gender ratio is more volatile. This, combined
with the stigma around female disability, which causes
underreporting and skewed data, makes the final disability
ratio differ from the expected value. Secondly, males in this
region often work in physically demanding and more risky
jobs, raising the likelihood of a disability-causing injury.
Overall, this outlier data is likely due to smaller population
size, reporting disparities, and male-dominant labor.

As shown in Figure 5, in 2011, while there is still a general
trend of male overrepresentation among disabled individuals,
the points are more clustered, and there are fewer extreme
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outliers. This suggests a decrease in risks contributing to
higher male disability rates and also aligns with other DALY
data that show declines in overall injury-related and disease
burdens among men over this time period. However, the
overrepresentation of males in male disability is still just as
evident as in 2001, indicating that changes to address these
disparities have been slow.

The patterns and trends from 2001 to 2011, such as how
communicable diseases DALY's dropped as HDI values rose,
can be used to predict future values for 2031 through machine
learning algorithms.

Recent Trend (2021)

DALY vsHDI

In2021, states with higher HDI values (above 0.70) consistently
showed the lowest DALY s, while states with lower HDI values
still exhibited a higher burden of communicable diseases.

The maximum DALY has further decreased to less than 18,000
from ~24,000 in 2011, and the entire cluster of data points has
shifted to the right on the HDI axis and down on the DALY
axis. This indicates continued progress in both variables. The
lowest HDI scores in 2021 are now comparable to the mid-
range scores of the previous decade. Improvements in HDI
and DALY demonstrate broad and ongoing improvements in
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education, living standards, and health infrastructure across
all states.

Figure 7 supports the observations from Figure 2. Despite
continued and significant increases in HDI across all states, in
2021, the overall noncommunicable disease burden appears
to have slightly increased from 2011. Many states are now
clustering in the 18,000-25,000 DALY range. Additionally,
a subtle positive correlation is now visible. States with
higher HDI now tend to have a slightly higher burden of
noncommunicable disease.

This observed shift is an example of an epidemiological
transition. As a nation improves sanitation and basic
healthcare, the burden of communicable diseases drops, but
the burden of noncommunicable diseases increases. This is
due to development leading to new challenges. As healthcare
improves, people live longer, and chronic conditions develop.
Economic growth is also often linked to lifestyle shifts. People
begin consuming processed foods, working in sedentary office
jobs, etc. All of these are risk factors for noncommunicable
diseases. The 2021 plot visually captures this transition
and displays a turning point for public health policy toward
managing these chronic conditions caused by modernization.

Figure 8 displays how, by 2021, overall injury burden
continued to increase, with DALY values becoming even
more tightly clustered than in 2011 and now mostly ranging
between 2,000 and 4,500 per 100,000.
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This indicates continued success in decreasing the most
severe outcomes of injuries across the country. However, in
2021, there is no longer the slight negative correlation that
was emerging in 2011. In Figure 8, there is now significant
variability without a clear linear trend, similar to the 2001
(Figure 3) distribution but at a lower DALY level.

This suggests more complex relationships. While
modernization reduces the overall injury burden nationwide,
the types of injury risks occurring may be changing.
For example, as states develop, traffic accidents or other
occupational injuries may increase, preventing a negative
correlation from occurring. The injury burden in 2021 appears
to be influenced by a set of factors not captured by the HDI
metric.

Gender proportions

The 2021 Census of India was postponed indefinitely due to
the COVID-19 pandemic. As of late 2025, it has not yet been
taken up. Since the national census is the most reliable source
for demographic data, including population counts by gender,
a gender proportion study was not undertaken for 2021.

Future trend (2031) and four-decade projection analysis

As explained in the Methodology section above, the prediction
for HDI, noncommunicable DALY, and Injury DALY utilized
a Linear Regression model, while Communicable was done
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with an Exponential Decay model. The 2031 HDI value was
first predicted, and then passed in as a variable to aid in the
DALY predictions.

A few representative predicted data are shown in Table 1
below:

Table 1: Predicted DALY and HDI values for various Indian states for the year
2031. The full dataset can be found at https://github.conVArunimad/India_
DALY _HDI_prediction.git

Analysisof HDI trendsover four decades

Figure 9 displays HDI data for the years 2001 (blue), 2011
(red), 2021 (orange), and the model’s projection for 2031
(teal). It displays a universal and significant continuation
of positive HDI trends across all states, with national HDI
reaching 0.709 by 203 1. This increase reflects the assumption
that widespread advancements in areas surrounding living
standards, education, and health will be made over the next
decade. The plot also displays development levels across
India. States such as Goa and Kerala have higher predicted
2031 HDI values, while Madhya Pradesh and Jharkhand are
situated lower on the y-axis.

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



Shifting Landscape of Disability and Development... « 49

Analysisof DALY (TypeA - Communicable)
trends over four decades

Figure 10 shows the Communicable DALY s for the same four
years by area. The spacing of the dots shows the steep and
consistent downward trajectory of DALY for nearly every
state, with

Theblue (2001) dots are high on the y-axis, while the teal (2031)
dots have extremely low predicted values. The decreasing
space between the dots shows the principle of diminishing
returns, as shown by the distance between 2001 (blue) and
2011 (red) being noticeably larger than the distance between
2011 and 2021 (orange). This slowing rate is due to initial,
high-impact interventions having already been completed,
and is a justification of the exponential decay model selected.

This plot also allows for comparison of communicable DALY
burdens among states in 203 1:
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High-Burden States (DALYs > 10,000): Uttar Pradesh,
Mizoram, Uttarakhand, Chhattisgarh

Lower-Burden States (DALY's < 6,000): West Bengal, NCT
of Delhi, Jammu & Kashmir, Goa, Arunachal Pradesh

Analysisof DALY (Type B - Noncommunicable) trends over
four decades

Figure 11 displays the Noncommunicable DALYs for the
same four years by area. Unlike the clear, uniform decline
observed for communicable diseases, the historical trend
for noncommunicable diseases (NCDs) varies significantly
between states. For some regions (e.g., Kerala, Punjab), the
data points show an upward trend, displaying that disease
burdens increase by decade. But for others (e.g., Gujarat, Goa),
the trend is unpredictable, with initial increases followed by
decreases. This lack of a clear trend displays the challenges
in modeling noncommunicable diseases and supports the
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decision to use a stable predictive model.

Despite volatility, the model’s 2031 projections (teal) dots are
frequently positioned higher than the preceding data points.
This indicates that the model generally predicts a continued
increase in the NCD burden for the majority of states. These
results reflect the linear model’s ability to capture the positive
correlations between rising HDI and the increased prevalence
of chronic, noncommunicable diseases. The model's results
are also consistent with the epidemiological public health
theory.

This plot also allows for comparison of noncommunicable
DALY burdens among states in 2031:
*  Higher-Burden States (DALYs > 25000): Kerala,
Punjab, Uttarakhand

*  Lower-Burden States (DALYs < 16000): Arunachal
Pradesh, Jharkhand, Meghalaya, Nagaland
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Analysisof DALY (TypeC - Injury) trends over
four decades

Similar to communicable diseases, Figure 12 also shows a
clear and consistent downward trend for the vast majority of
states. The visual progression from the higher starting points
in 2001 to the lower predicted values in 2031 indicates a
sustained, nationwide improvement in reducing the DALY's
associated with injuries over the past two decades.

Whilethetrendisconsistently negative, therate ofimprovement
varies by state. Some states, like Gujarat and Jharkhand, show
a very steep decline, indicating rapid progress. Others show
a more moderate, steady reduction. This variation highlights
that the factors influencing injury rates, such as road safety,
occupational health, and emergency response, have evolved
differently across the country.

This plot also allows for comparison of noncommunicable
DALY burdens among states in 2031:
* Higher-Burden States (DALYs > 3500):
Chhattisgarh, Tamil Nadu, Uttarakhand
* Lower-Burden States (DALYs < 1700): Assam,
Gujarat, Jharkhand, NCT of Delhi
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Key Findings

The analysis on the changing landscape of disability in

India (2001 to 2031) leads to the following key findings.

1.

A strong inverse correlation exists between the HDI and
the burden of communicable diseases. As states’ HDI
values increased, the DALY's for communicable diseases
decreased consistently and significantly. The peak DALY
dropped from a rate of 38,000 per 100,000 in 2001 to
below 18,000 by 2021. These results demonstrate the
clear impact that socioeconomic development has on
controlling infectious diseases.

India is undergoing the epidemiological transition. This
public health theory describes a shift in a country’s
disease patterns from infectious diseases to chronic,
noncommunicable diseases as it develops. The decline
in communicable diseases is the first stage of this
transition. The second stage is characterized by the rise of
noncommunicable diseases, which is strongly supported
by the data. The DALYs for noncommunicable diseases
had no correlation with rising HDIs between 2001 and
2011, and even had a slight positive correlation by 2021.
This is a direct result of longer life expectancies and
lifestyle changes associated with development.

Injury-related DALY's show a moderate but consistent
decline over the decades. Injury DALYs also have a
weaker correlation with HDI than that of communicable
diseases. Over time, the DALY values for injury became
more tightly clustered, with the range dropping from
2,500-7,000 to just 2,000-4,700 by 2021. Our analysis
suggests that while general development contributes to
decreased injury burdens, the relationship is influenced
by a more complex set of factors.
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4. Gender disparity in disability persists. Males are being
overrepresented in the disabled population, with both
the 2001 and 2011 censuses having higher ratios of
disabled males to females than the overall population
ratio. This disparity can be attributed to two reasons.
One, the social stigma of disability among women causes
underreporting, and two, men have higher occupational
risks in physically demanding jobs.

5. 2031 predictions show continued but inconsistent
progress. The nation’s overall health, standards of
living, and education are predicted to improve, as
shown by the national HDI rising to 0.709. Injury and
communicable disease DALY's are predicted to decline,
but noncommunicable DALY's are forecasted to increase.
Accounting for these trends, the focus in health policy
and legislation must be shifted from overall infectious
diseases to the prevention and management of chronic
conditions, particularly surrounding managing diseases
arising from the modern lifestyle.

There are a few learnings to be taken from these results. Firstly,
noncommunicable diseases will become a larger risk in the
coming decades. There must be increased focus on preventing
chronic conditions (e.g., diabetes) to prevent the predicted
increasing rates. Secondly, better road safety and occupational
health programs must be developed to tackle injury burdens.
Next, the decreased communicable disease burdens must be
continued through maintained sanitation infrastructure and
health systems. And finally, systemic changes must occur to
correct existing gender disparities. Men face high occupational
injury rates, while disabled women remain invisible due to
underreporting.

Lessening these overall disability burdens will require
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a multipronged strategy. Beyond expanded healthcare
investment, engineers must also design infrastructure, design
preventive regulations, and social workers are needed to
ensure fair access.

Conclusion

In this paper, we analyzed the connections between DALY,
HDI, and disability gender disparities across Indian states from
2001 to 2021. We then used machine learning to extrapolate
future trends. We show that India is transitioning through an
epidemiological shift. In this shift, increases in HDI have
resulted in decreased communicable disease DALYs. But we
also see that noncommunicable diseases have remained steady
or increased. Injury-related DALYs showed a moderate but
consistent decline. This reflects improvements in road safety,
healthcare access, and emergency services.

Gender disparities still exist across states. Men are consistently
overrepresented in the disabled population. This is likely
due to occupational hazards and also the underreporting of
female disability. Although some progress was made between
2001 and 2011, these inequalities remain. Our machine
learning predictions suggest that in 2031, these trends will
continue. This gives the imperative for policy changes. India
must prioritize preventive care and management of chronic
conditions; improve road and occupational safety, and address
gender-based differences in healthcare access and reporting.
By addressing these shortcomings, policymakers can produce
better services. This will ensure fairer health outcomes for all
of India’s diverse population.

In the future, we would like to extend this work. We hope to
expand the dataset with more frequent time points; incorporate
nonlinear models to better capture complex health trends; and
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explore the interaction of disability with other social factors
(such as income inequality, rural-urban divides, and access to
technology).

Scope & Limitation

This study analyzed disability burden measured by Disability-
Adjusted-Life-Years and Human Development Index over
three decades. Though the data in this study were chosen to
be detailed and provide a complete understanding of disease
burden in India, this study still has several limitations.

The authors would like to highlight the following limitations
for this study:

Data Granularity: Each data point in this study was collected
a decade apart (2001, 2011, 2021), which may not capture
yearly fluctuations or the short-term impact of policy changes.
Therefore, this study should only be used as a general long-
term estimate for future trends.

Geographic Coverage: All Union Territories were excluded
due to the unavailability of DALY data, and the state of Odisha
due to its lack of 2001 census data. This means the findings
may not cover the entirety of India.

Reliance on Global Health Estimates: DALY metrics were
sourced from the Institute for Health Metrics and Evaluation
(IHME), the organization that produces the Global Burden
of Disease study. While the metrics the IHME produces have
become very important tools for understanding global health,
the methodologies for producing global estimates have been
noted to sometimes obscure underlying assumptions and
knowledge gaps in the data for specific countries or diseases
(Tichenor & Sridhar, 2020). Therefore, due to DALY values
being globally standardized health data, the data used in this
paper should be understood as estimates that may not fully
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capture the specific local context.

Prediction Model: The machine learning model used for
various HDI and DALY forecasts is a simplified linear
extrapolation of past trends. It does not account for potential
non-linear trends or the impacts of any unforeseen events.
2021 Census Data: A gender proportion study for 2021 was not
undertaken because the 2021 Census of India was postponed
and has not yet been conducted. This creates a gap in the most
recent analysis of gender disparities.

Reporting Biases: The analysis of gender disparities relies on
census data, which may be influenced by the underreporting
of disabilities among women due to social stigma (Bhardwaj
& Kumar, 2025), causing skewed gender ratio results.
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Abstract

The emergence of the Al-enabled assistive technology, such
as the wearable vision device on visually impaired subjects,
has also spurred the need for privacy-preserving individual
face recognition. Conversely, centralised training approaches
raise issues of privacy since they result in exposure of personal
information, but FL offers a decentralised learning paradigm,
which keeps users private. However, FL faces the challenges of
non-IID and small local data and privacy compromise through

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



62 « Vision System for Persons with Visual Impairment

gradient updates. We imagine a personalised and federated
face recognition system to address these issues as part of the
Al-based assistive vision. It is based on FaceNet Federated
average (FedAvg) and Federated Proximal (FedProx) Siamese
architecture that was pre-trained in order to become robust
and privacy-aware across diverse heterogeneous devices. By
experiment, we demonstrate that the proposed system could
achieve the performance of central training with good privacy
of personal user information and user flexibility, which is an
effective solution to ubiquitous assistive technology.

Keywords: Assistive Technology, Federated Learning,
Privacy-Preserving Al, Face Recognition, Personalisation,
Non-I1D Data, Accessibility

Introduction

Visual impairment greatly influences the capacity to perform
daily activities independently. The World Health Organization
(WHO, 2022) has estimated that about 2.2 billion individuals
in the world are affected by some type of eye vision loss, of
which almost 1 billion are either untreated or preventable.
Activities such as mobility, social life, naming of objects, and
reading are largely impacted by loss of sight. Although other
conventional methods, such as white canes and guide dogs,
are partially helpful, they cannot give full environmental data
or live objects, people, and text recognition. Even though
new digital devices such as screen readers and GPS-based
navigation applications provide contextual assistance, they
are not flexible in unstructured and changing settings.

The recent advances in artificial intelligence (AI), computer
vision (CV), and wearable technology have created
opportunities for intelligent assistive technology. Smart
glasses such as the prototype of VisionPro by Cadre Tech
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Lab, powered by Al, have also demonstrated the potential
to increase the level of user autonomy by providing real-
time acoustic feedback to identify objects, faces, and text.
Nevertheless, the introduction of such systems makes people
feel unsafe because of their privacy and personalization,
primarily because of the dependence on central- ized data
gathering and training techniques, which reflect on the security
of the information and user trust.

Regardless of the recent progress in Al-based vision systems,
the frameworks that place more emphasis on privacy
and personalisation and effectively perform on wearable
equipment with minimal resources still need to be provided.
The existing centralized training

Protocols disclose delicate biometric information, whereas
the current federated learning (FL) frameworks are confronted
with the issue of client information distributions, small local
dataset constraints, and multiuser model generalization.

To address these concerns, this study proposes a federated and
customized face recognition system incorporated into an Al-
based assistive vision system for visually impaired persons.
The suggested architecture makes use of a FaceNet-based
Siamese network, which is trained with an FL training method
of FedAvg and FedProx with local personalization elements
to enhance accuracy, privacy, and flexibility. As a step to
create inclusive, privacy-conscious Al systems for assistive
technologies, this strategy will close the divide between safe
learning and usability, which is a serious step to take.
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Literature Review
Assistive Technologies for Visually Impaired Individuals

Traditional Assistive Devices

Conventional assistive technologies used to support visually
impaired people are mainly aimed at detecting obstacles and
providing reading aids. White canes are popular in detecting
the presence of obstacles at ground level; they are lightweight
and comparatively cheap, but they do not give any information
about obstacles at head level, moving objects, and the identity
of the nearby people in the vicinity (Bell et al., 1999). Guide
dogs help in moving around and guidance, particularly in new
outdoor places, although they need a lot of training, continuous
attention, and tend to be very costly (Ratha, Connell, & Bolle,
2001). Braille readers and screen readers allow a visually
impaired user to hear digital or printed textual information,
but is no help in navigation or real-time perception of the
environment. Although they are useful, these conventional
devices are not personalized, environmentally aware, and do
not have multimodal feedback, which are required to provide
independent daily functioning (Miller et al., 2018).

Wearable Assistive Devices

The wearable assistive devices are available in the market as
well. Smart glasses, in particular, are becoming one of the
promising solutions as wearable devices are coming into
being (OrCam Technologies, 2018; Envision Technologies,
2020). OrCam MyEye (2018) is an Augmented Intelligence
device that allows users to see and hear what is written or to
recognize a face and give the user audible feedback to do so,
although there are limitations such as high price and limited
personalization capability (orcam2018). Envision Glasses
(2020) have features of object, text, and face recognition
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but are based on cloud-computing, meaning that there is the
possibility of latency and reliance on the internet. Google
Project Guideline (2021) can help visually impaired runners
by using camera-guided line following, but this is a task-
specific tool that cannot be generalized to real-life tasks
(guide, 2021). Prototypes and systems Research Systems
Research Prototypes and Systems explore trade-offs between
on-device and cloud processing, latency, battery life, and user
interaction modalities. Low cognitive load, explicit audio/
haptic feedback, and trust are the focus of usability and
acceptance studies.

Research Gapsin Assistive Devices

There are gaps in research regarding assistive devices. The
proposed work focuses on filling the various gaps that are
mentioned in the literature. Existing wearables do not provide
much customization in identifying familiar faces (OrCam
Technologies, 2018; Envision Technologies, 2020). The
centralized processing of sensitive faces on the cloud often
leads to the compromise of privacy. Dynamic and indoor
environments cannot be satisfied by real-time performance
and efficiency, and trade-offs in energy and latency have not
been researched further. Moreover, the literature offers little
multi-user or real-life testing regarding wearable products,
which highlights the necessity of larger field tests.

Face Recognition Techniques

Traditional Face Recognition Methods

There are other methods of face recognition that are traditional.
The classical techniques established pioneer concepts
regarding subspace techniques and discriminative projections.
Eigenfaces are susceptible to pose and lighting and are based
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on the use of PCA to project the facial image onto the principal
component space. Fisherfaces are a variant of LDA, which
is designed to maximize the separation between classes, but
can overfit small datasets. These techniques are conceptually
well-grounded but fail to offer modern assistive applications.

Deep Learning-Based Methods

Deep learning-based approaches yield better results compared
to the earlier techniques. As can be seen, the deep learning-
based methodologies are more effective than the previous
ones. Deep learning has transformed face recognition through
learning powerful embeddings and loss functions. The early
results of CNN-based methods were shown by DeepFace
(2014), whereas FaceNet (2015) introduced a triplet loss to
train the embedding space to learn similar identities well.
ArcFace (2019) also enhanced the accuracy loss on the
additive margin of angles. The advances in architecture, such
as ResNet and Inception, which had been trained on millions
of images, allowed performing at the state of the art.

Lightweight Models and Edge Deployment

Lightweight architectures like MobileFaceNet, MobileNetV2,
and ShuffleNet have been suggested for use in wearable
and resource-constrained devices. Additional methods such
as pruning, quantization, and knowledge distillation also
minimize the computation cost without com- promising the
accuracy.

Robustness Challenges

Strong appearance consistency in the face to pose variation,
illumination variations, occlusion, ageing, as well as
adversarial examples is still difficult. These problems have
been solved using data augmentation, domain adaptation, and
domain-specific datasets, such as MegaFace and AgeDB.
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Federated L earning for Face Recognition

In general, the data mining algorithm consists of three
stages: pre-processing, rule development, and rule testing.
Generally, the data mining algorithm has three steps, namely,
pre- processing, rule development, and rule testing. Federated
learning allows joint model training without exchanging raw
data, which overcomes communication efficiency and client
heterogeneity problems (L1, Sahu, Talwalkar, & Smith, 2020).
FedAvg, FedProx, FedNova, and Fed- Dyn are the most
popular algorithms that differ in their approach to aggregation
and stability approaches and are discussed in the paper by Li
et al. (2020) (source).

FL Applications to Biometrics

FL on face recognition brings the advantage of privacy and
the difficulty of Non-IID data and biometric sensitivity (Chen
et al., 2020; Khan et al., 2022; Liu, Zhang, & Wang, 2022;
Yu, Li, & Chen, 2020; Hosseini, Alizadeh, & Rahmani,
2021). Public negative sampling, contrastive regularization,
and projection-based template protection are some of the
techniques that enhance accuracy and conserve privacy in a
distributed setting (Khan et al., 2022).

Privacy Mechanisms and Threats

Face recognition models FL are susceptible to gradient
inversion, membership inference, and model inversion attacks.
Differential privacy, secure aggregation, homomorphic
encryption, and cancelable biometrics are among the mitigation
measures that have been proposed against information-sharing
networks and databases of personal data like credit reports,
medical records, and criminal histories, among others.

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



68 « Vision System for Persons with Visual Impairment

Personalization and Fairness

Local fine-tuning, meta-learning, and multi-task objectives
are used to personalize results and enhance per-user accuracy
whilst protecting privacy. Inequality in the contribution of
clients is managed through normalization and weighted
aggregation.

Assistive Systems: I ntegration Challenges

Implementation of FL face recognition on wearable
devices has to fulfill a high degree of latency, energy, and
usability requirements. The gap is narrowed with the help
of edge acceleration, selective offloading, and energy-aware
scheduling.

Summary

The available literature on Al-assistive vision systems has
shown that the recognition of objects and faces by deep
learning algorithms like FaceNet, DeepFace, and ArcFace
has made significant progress. Equally, privacy protection
methods such as differential privacy, homomorphic
encryption, and secure aggregation have been considered to
protect sensitive biometric information. Federated Learning
(FL) also provides a distributed model that does not involve
direct data transmission by training models on user devices.
Nevertheless, regardless of these improvements, there are still
several limitations in the existing literature:

1. Lack of Personalization: Most FL-based face recognition
models are concerned with overall model performance,
and they do not prioritize individual user-adaptive
models, as is the case with personalized assistive devices.

2. Non-IID Data Problems: Current approaches have
difficulties in ensuring performance consistency in non-
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homogeneous local data that is common in practice when
trying to assist with assistive applications.

3. Resource Constraints in Wearable Devices: This
resource can be considered a barrier to research,
where the capabilities of the computer-on-a-chip are
underestimated, and systems are designed to optimize
performance on limited resources.

4. Incomplete Integration into Assistive Applications: Not
many studies have integrated privacy-preserving FL
architectures with realistic and practical assistive systems
that directly focus on visually impaired users.

Research Gap and Contribution

Although the previous literature has addressed either
privacy or performance in isolation, the combination of
an integrated solution that balances the three gadgets of
privacy, personalization, and efficiency, without considering
the other, and strikes the balance between, such as; privacy,
personalization, and efficiency, is not thoroughly covered.
This gap is addressed by the current research by introducing a
federated and personalized face recognition architecture that
utilizes FaceNet-based Siamese networks and FL aggregation
(FedAvg and FedProx) strategies to optimize on wearable Al
gadgets. This method has ensured privacy of data, adjustment
to specific user situations, and competitive recognition
accuracy when Non-IID data conditions are being met, thus
making it a new addition to the list of contributions to secure
and inclusive Al-driven assistive technologies.

M ethodology

Existing VisionPro Prototype
The VisionPro prototype is a wearable pair of smart glasses
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developed for visually impaired persons. It consists of three
main functional modules:

1.

Image Capture: The prototype uses an embedded
camera module, such as ESP32-CAM or Raspberry Pi
Camera, to acquire real-time images. The preprocessing
with the use of OpenCV filters, edge-detecting, and
image enhancement is conducted, and then the data are
transferred to Al models.

Image Processing: Al and machine learning models
process the captured images for object detection, facial
recognition, and text recognition:

* Object Detection: YOLO, SSD, or Faster R-CNN
models identify everyday objects such as furniture,
vehicles, and obstacles.

«  Facial Recognition: Face Recognition FaceNet/Dlib
models are applied to identify known persons in a
stored database.

« Text Recognition: Optical Character Recognition
(OCR) frameworks, including Tesseract OCR and
Google Vision API, enable reading of signs, labels,
and documents.

Information Communication: Processed information
is delivered to the user via audio cues through bone
conduction headphones or Bluetooth earphones. Haptic
feedback may also be used to warn users of obstacles or
other environmental clues.

The current eVision prototype provides a real-time, hands-
free assistive solution that helps visually impaired individuals
navigate environments, recognize objects and people, and
interpret textual information effectively.
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Figurel
Block Diagram of Existing Current System
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System Overview

Figure 2
Prototype Testing on the Visually Impaired

The system suggested establishes a privacy-aware federated
learning pipeline, which works on client devices that
represent visually impaired customers. The training of
models on local client devices is the responsibility of training
models on their own Non-IID data, which keeps the sensitive
visual information within the user. The server then combines
updates of several clients with a choice of FedAvg or FedProx
strategy to create a global model, which can enjoy the benefits
of distributed learning without sacrificing privacy. There is
also a personalization module where the global model can be
adjusted to the local context of each user, so that the system
can be adjusted to the specifics of individual users without
exposing sensitive information to other parties.

M odd Architecture

It consists of a model built based on a siamese network with
FaceNet backbone (Inception- ResNetV1) that is destined
to be a strong facial representation learner. The network
produces 512-dimensional L2-normalized embedding vectors
which encode discriminative facial features-
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Tures. An MLP that calculates similarity scores of paired
embeddings is a classification head that enables the
performance of verification tasks in an efficient manner. Also,
the backbone is frozen in the course of training to preserve
embedding stability and prevent overfitting, so that results are
stable throughout clients and datasets.

Federated L earning Strategies

There are two federated learning schemes that are used in
order to derive client updates. FedAvg averages the weights
of model parameters across clients in a collaborative
learning with simple and effective aggregation. To stabilize
learning, FedProx has a proximal term to stabilize learning
in case distributions of client data are not homogeneous, and
divergence will occur, and smoother convergence will be
achieved. In all experiments, three round fl epochs are trained
on a batch size of 32 on five clients, and personalization is
achieved by training two extra local epochs to tailor the global
model to a single client.

Evaluation Metrics

Various metrics are used to measure model performance. The
right classification percentage of image pairs in the validation
and test datasets is known as accuracy, which gives an
immediate indication of success in classification. Also, there
is the Area Under the Receiver Operating Characteristic Curve
(AUC), which measures the discriminative performance of
the model between same-identity and different-identity pairs
of images, providing a strong measure of the performance of
face verification tasks.

Ethical and Practical Considerations
The system suggested gives more importance to the privacy
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of users, their consent, and ownership of data. Any personal
and biometric data stays on the device of the user, where only
encrypted model updates are exchanged during federated
learning. The support of diverse users and adaptive interfaces
makes it inclusive, whereas fairness is ensured by auditing
model performance by demographic groups. These steps
will foster conscientious, anthropocentric Al of assistive
technologies.

Experiments and Results

Experiment 1

The first experiment is a baseline experiment using
ResNet18

Table 1 summarizes the results of the centralized and federated
training on ResNet18. Figure 3 represents the visualization of
the comparison and indicates that generalization differs.

Table1

Performance comparison with ResNet18 backbone.

Train Accuracy Test Accuracy

Centralized (ResNet18) 0.9550 0.5340

Federated (ResNetl18)  0.7895 0.5830
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Figure3

Comparison of test accuracy in centralized and federated learning methods with
ResNet18.

Analysis

In centralized training, the small dataset is overfit, with high
training accuracy and low test accuracy. Federated learning
has better generalization capability by combining updates on
heterogeneous clients, which enhances test performance.

Experiment 2

High-Performance Baseline with FaceNet
Centralized Training
Table 2 indicates the accuracy at test and AUC using

centralized training on FaceNet, and the improvement over
time is visualized in Figure 4.

Table 2

The performance of the centralized FaceNet as a function of the number of
epochs

Epoch Test Accuracy Test AUC
1 0.6090 0.6476
2 0.6270 0.6828
3 0.6790 0.7467
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Figure4
Centralized FaceNet test accuracy and AUC in 3 epochs.

Federated Learning (FedAvg)

Table 3 shows global test accuracy and AUC over FL rounds
using FedAvg. Figure 5 compares the performance with the
centralized baseline.

Table 3
Global model performance across FL rounds (FedAvg).

Round  Global Test Accuracy Global Test AUC

1 0.5650 0.6280
5 0.6110 0.6579
9 0.6780 0.7402
10 0.7010 0.7662
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Figure 5
Global test accuracy comparison of FedAvg for 10 FL rounds.

Federated L earning (FedProx)

Table 4 presents the global model performance for FedProx.
Figure 6 shows a comparison with FedAvg.

Table 4
Global model performance for 10 FL rounds (FedProx).
Round Global Test Global Test
Accuracy AUC

1 0.5320 0.6151

5 0.5960 0.6380

9 0.6400 0.7057

10 0.6710 0.7315
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Figure 6

Performance comparison between Centralized vs FedAvg vs
FedProx.

Analysis
FedAvg and FedProx have a better performance than the
centralized baseline. FedProx is better-converged and more

stable when the clients are of heterogeneous types, whereas
FedAvg is somewhat more accurate at the final point.

Experiment 3: Personalization

Personalization (FedAvg)

Table 5 and Figure 7 present the results of per-client FedAvg
personalization validation accuracy and AUC

Table 5

Per-client validation accuracy and AUC after personalization
(FedAvg).

0 0.7303 0.8103
1 0.7865 0.8374
2 0.6111 0.6825
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3 0.6517 0.7513
4 0.6047 0.7073
Figure7

Per-client validation accuracy and AUC after FedAvg
personalization

Per sonalization (FedProx)

Table 6 and Figure 8 present the results of per-client FedProx
personalization validation accuracy and AUC.

Table6

Per-client validation accuracy and AUC after personalization
(FedProx).

User Val Accuracy AUC

0 0.6966 0.7809
1 0.7640 0.8216
2 0.6111 0.6468
3 0.6517 0.7179
4 0.5814 0.6542
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Figure 8

Per-client validation accuracy and AUC after FedProx
personalization.

Analysis

On a case-by-case basis, personalization enhances
performance, especially among users who are not distributed
as per the global distribution. FedAvg personalization has a
slightly higher validation accuracy, and FedProx has more
consistent AUC gains across clients.

Discussion

The experiment findings indicate that federated learning (FL)
using personalization can be more effective in centralized
training in conditions of Non-IID client data. In particular,
FedAvg and FedProx share the advantage of using updates
provided by heterogeneous clients, which form the methods
to better generalize and they have a smaller overfitting to a
particular dataset. FedAvg is slightly more accurate in the peak,
but FedProx has more convergent and resilient convergence
and heterogeneity under the client heterogeneity. Per-client
performance is also boosted by personalization, especially when
a user is such that his local data distributions are compatible
with the global model, as is the case with User 1.
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Comparison with Related Wor k

Experiments in FedAwS are better than the experiments
in other FL-based face recognition models like FedFV, the
FedAwS and FedUV models have shown that:

FedAvg vs. FedProx: FedAvg has a final higher accuracy
(0.7010) compared to FedProx (0.6710), but FedProx
converges better, being more resilient to imbalance and non-
IID distributions of clients.

Benefits on personalization

Fine-tuning local models with global aggregation converts
both FedAvg and FedProx with regular workable advantages.
FedAvg is more accu- rately peaked on per-client accuracy,
whereas FedProx is more consistent in AUC among clients,
which demonstrates greater stability.

Model backbone stability

Embeddings of a frozen FaceNet backbone, as in high-
performance centralized methods, like FaceNet, are
guaranteed to be stable when optimising thereof distributedly.
This design option resembles related FL literature strategies,
and it also enables converging reliably.

Critical Analysis of Results
Federated vs. Centralised

Both FedAvg and FedProx outperform centralised training,
primarily because centralised models tend to overfit to limited
and homogeneous data. In contrast, FL exposes the model to
diverse client features, improving generalization.

FedAvg vs. FedProx behavior

FedAvg yields slightly higher global accuracy in later
rounds, while FedProx achieves smoother learning dynamics
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and reduced oscillation, especially in early rounds. This
supports prior observations that proximal regularization
enhances stability under non-IID settings.

Per-client personalization

Users with larger or representative datasets (e.g., User
1) benefit most from fine-tuning. FedAvg personalization
achieves marginally higher accuracy, whereas FedProx
offers more consistent AUC across all users, indicating better
handling of data imbalance.

Scalability

Increasing the number of clients may degrade global
performance due to heterogeneity, but proximal terms (as
in FedProx) and adaptive personalization can miti- gate this
degradation, suggesting a promising direction for large-scale
deployments.

Conclusion

The paper provides a privacy-focused federated learning
approach to assistive vision systems to promote the
accessibility of assistive technologies by visually impaired
people. The proposed system maintains the user privacy by
using a decentralized model training method and combining
a FaceNet-based Siamese architecture with the FedAvg and
FedProx strategies to achieve high accuracy. Experimental
findings prove that both federated strategies compute more
accu- rately than the old-fashioned centralized learning, and
FedAvg is more accurate than FedProx when Non-IID data
distributions are used.

Additionally, the introduction of personalization helps a great
deal to enhance the performance of the per-client model,
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which allows adaptive learning in the context of individual
users. These results indicate the possibility of federated
learning to fill the accuracy, privacy, and inclusivity gap in
assistive technologies.

Further development of the system will aim to bring it to
more massive client bases, streamline it to wearable devices
with limited resources, and broaden testing to actual cases.
This framework will help to create ethical, inclusive, and
sustainable assistive technologies that enable persons with
visual impairments by enhancing privacy-conscious and user-
focused Al

Scope and Limitations

Scope

The personalization of the proposed federated learning
structure is very similarly applicable to health research,
assistive technology, and sustainable development, which
would also fit the theme focus of this article. It is of special
concern to assistive vision devices like wearable computers
used by the visually impaired who would benefit greatly in
autonomy, safety and social interaction without violating the
privacy of the user. The design is also more accessible and
inclusive because it allows learning on the device without
exchanging sensitive images and biometric information, which
keeps privacy intact in a wide range of user environments.

Moreover, the practice is advantageous to rehabilitation
and care since Al models may be tailored towards unique
requirements and enhance the overall training and therapy.
It is also conducive to sustainable development by cutting
down on centralized data storage, computa- tional and energy
usage with decentralized, privacy-sensitive Al. In addition
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to healthcare, the framework can be used to provide access
to exclusive educational tools that are aligned to the needs
and abilities of people with disabilities and make them more
independent and enhances the quality of life.

In general, the suggested system will provide the gap between
artificial intelligence, access, and assistive health technologies
to develop a scalable, ethical, and socially responsible system
that contributes to the global objectives of inclusive and
sustainable development.

Limitations

Although encouraging results have been achieved, there are
still several limitations:

Limitations of the data set

The most popular face datasets, such as LFW and VG-
GFace, do not represent the entire range of real-life scenarios
of assistive technologies. This can be altered by factors like
low light levels, obstructions, facial attire (i.e. glasses and
masks), and demographic differences that can significantly
affect performance par- ticularly to the visually impaired
users who rely on this system in their everyday life.

Resource constraint item

The federated learning of deep models, including FaceNet,
is specific to personalized learning and thus is very expensive
in terms of computational power. Several assistive devices,
like wearable cameras or mobile health monitors, can lack
processing power, battery life or memory. It is a realistic
challenge to make sure that the framework is effectively used
on devices with low budgets.

Challenges of connectivity and communication

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



\ision System for Persons with Visual Impairment « 85

The framework believes that network connections will be
sound in federated aggregation. In practice, especially inrural or
resource-constrained environments, intermittent connectivity
or other networks with low bandwidth can interfere with
synchronization, slow learning, or model performance, which
can influence the dependability of assistive services.

Evaluation scope

Although the paper is concerned with the accuracy and
AUC, in practice, what is needed in health and assistive
technology systems integrating machine learning is a wider
evaluation, such as user safety, reliability, latency, power
usage, and resilience to noisy or malicious data. These
dimensions are very important in reliable and socially
responsible assistive Al systems.

Ethical and accessibility considerations

Federated learning improves privacy, and equitable
accessibility is a constraint. Staff and models need to be
accommodating to users of different physical and cognitive
abilities, and the design options should also reduce the
obstacles to adoption and make the technology benefit all
users without favouritism.
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Abstract

Inclusion of students with Autism Spectrum Disorder (ASD)
in mainstream schools is considered a major hurdle, primarily
because many teachers find themselves less prepared to teach
these students. This systematic literature review aggregates
data from 20 studies across 14 countries to identify where
teachers are struggling and what specific support services they
require. The analysis uncovers significant issues, including
limited professional development, insufficient knowledge of
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ASD, a negative attitude, and a lack of collaboration with
parents and school management. Further, teachers also struggle
with large class sizes, unclear policy directives, and a lack of
resources. The review highlights the urgent need to restructure
the teacher education curriculum, incorporating practical
modules on ASD. Beyond just curriculum modification,
successful inclusion also relies on resource allocation and
effective support systems that empower teachers to actually
improve students’ learning outcomes.

Keywords: autism spectrum disorder (ASD), inclusion,
mainstream schools, teacher, teacher education

Introduction

Autism is a neurological developmental disorder that appears
in the first three years of life that is marked by pervasive
impairments in the areas of social skill and communication;
often associated with hyper-or-hypo-reactivity to sensory
input; usually interested in stereotypical rituals or behaviors,
and may or may not be accompanied by intellectual impairment
(The Rights of Persons with Disabilities Act, 2016, 2016).
Although specific causes of ASD are yet to be found, it is
believed that many risk factors, including prenatal, perinatal
factors, genetic factors, neuroanatomical abnormalities,
and environmental factors, may contribute to its occurrence
(Wang et al., 2017).

Students with autism differ greatly from one another, but
many of them identify with some common characteristics.
They often have problems with social interaction, emotional
expression, and communication skills, and remain isolated
within themselves. Several research studies inferred that if
a proper educational environment and educational plans are
provided to autistic children, many of them go on to acquire
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education and work across different fields (Ikeda & Ando,
2016). Children with ASD are often regarded as one of the most
difficult groups to include effectively in mainstream school
education due to notable delays in social skill development.
Consequently, teachers frequently struggle to accurately
understand and support the specific needs (Lindsay et al.,
2013; Symes & Humphrey, 2010). There is no particular way
of teaching a student with ASD — each of them has different
needs, abilities, and interests (Manti et al., 2012). As a result
of this, managing and understanding students with ASD in
school becomes more difficult day by day. Teachers are the
pivotal element of effective inclusion of ASD children, but
because of their inadequate knowledge, sometimes teachers
show an unfavourable attitude toward autistic children (Manti
et al., 2012). Most teachers teaching children with ASD
never received any training to cater to their special needs, and
this leads them to feel unprepared or unqualified to educate
these children (Mpangane et al., 2024). Teachers with better
knowledge of disability legislation exhibit a more positive
attitude and higher perceived efficacy than those without
proper information (Chung et al., 2015). Moreover, most
teachers neither know to diagnose children with autism nor
have any idea about the appropriate pedagogy for them (Bagci
et al., 2025).

There are several policies like United Nations Convention
on the Rights (2006), the Salamanca Statement (1994), and
the 2030 agenda of the UN’s Sustainable Development
Goals (SDGs) acknowledged the large exclusion of students
with disability largely due to limited training in addressing
classroom diversity, teachers frequently struggle to identify

students’ needs or implement strategies to support their
learning (Odeh & Lach, 2024).
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Because of the dearth of appropriate training, teachers
lack the confidence to manage and effectively include autistic
students in mainstream schools (Humphrey & Parkinson,
2006). However, negligible training opportunities and
inadequate teacher education curricula often lead to the
negative attitude of the teachers towards the inclusion of
students with ASD in the mainstream classroom (Johnson et
al., 2021). Such adverse teacher attitudes cause a decline in
children's mental health and behaviour, ultimately resulting
in their exclusion from school (Brede et al., 2017). Proper
teacher training and the attitude of teachers toward autistic
children are essential, most notably the cooperation among
teachers, school management, and parents (Johnson et al.,
2021; Majoko, 2015). However, many teachers expressed their
concerns about the lack of training for dealing successfully
with these students with special needs. Thus, modifications
in teacher education curriculum and teacher training can
potentially include students with ASD in the mainstream
of education (Martinez et al., 2022).The present systematic
literature review (SRL) focuses on analyzing difficulties faced
by ASD students in mainstream schools, and adaptation of
teacher education to support autistic children in adjusting to
mainstream schools so that the exclusion of children with
ASD can be reduced.

Thus, it is imperative to improve the teacher’s potential
so that the teachers can understand how to deal with students
with ASD in mainstream school and implement inclusive
education successfully.

Research Questions

RQ1. What issues do teachers face while dealing with students
with ASD in an inclusive set-up?

RQ2. What kind of professional development do the teachers
need to understand and manage children with ASD in inclusive
classrooms?
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M ethodology

A systematic literature review (SLR) is a well-established
method for conducting literature research, characterized by
a rigorous and structured approach that facilitates in-depth
analysis. This method allows for the selection or rejection of
existing theories and aids in identifying research gaps that can
guide future studies (Harris et al., 2013; Ratinho & Martins,
2023). Building on these benefits, the present SLR analyzes
20 specific articles to understand challenges faced by the
teachers. Here, the researchers investigated what teachers
need to support students with ASD, with the ultimate purpose
of improving inclusion in mainstream education.

Search Strategy

To gather relevant articles, researchers utilized several digital
platforms, primarily Google Scholar, ResearchGate, and
Academia.edu. The key search terms employed in this process
included ‘“‘autism spectrum disorder”; “autism”; “inclusive
education”; “teachers”; “teacher education”; “training”. The
SLR mainly comprised open-access academic journal articles

published over the past eleven years.

The articles were selected based on the initial screening of
their titles and abstracts. The main selection criteria focused
on teachers who are currently working with children with
autism or intend to work with them in inclusive, integrated,
or mainstream school settings. Priority was given to studies
exploring the challenges faced by these teachers, their
perceptions of potential difficulties in teaching students with
ASD, and the types of training they require to effectively
support such students in mainstream classrooms. The inclusion
and exclusion criteria are outlined below in the table. 1
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Inclusion and exclusion criterion

Table 1.

Exclusion and inclusion criteria used in the present literature

review

Inclusion criteria Exclusion criteria

Teachers working with students
with ASD in mainstream schools,
inclusive schools, or integrated
schools, or pre-service teachers
willing to teach students with
ASD.

Addresses teachers’ attitude,
level of awareness, encountered
challenges, and training needs
in relation to the inclusion and
education of students with ASD.

Articles with quantitative and
qualitative research designs were
selected.

Articles published in academic
journals were included in the
study.

Articles published in English were
included in the study.

Articles availability with full text.

Articles published since 2015 (last
11 years)

Professionals other than teachers
who work with children with ASD
(e.g., therapists, counselors).

Emphasis on teacher training
related to special educational
needs other than ASD, or on
inclusive education in general.

Any descriptive research without
a specified methodology.

Survey reports, governmental
reports, books, newspaper articles,
project/training descriptions,
marketing materials, etc

Articles published in languages
other than English.

Articles without availability of the
full text.

Article published before 2015
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Study Selection

The literature screening and selection process followed the
PRISMA guidelines (Page et al., 2021) and was conducted
independently by the researcher. During the initial
Identification phase, the researcher screened the titles and
abstracts of 570 articles—112 from ResearchGate, 171 from
Academia.edu, and 287 from Google Scholar. After removing
duplicates (n = 321), the remaining articles were assessed for
relevance.

In the Screening stage, 249 articles were reviewed, of which
66 were manually shortlisted for more detailed evaluation. At
the Eligibility stage, 46 articles were removed. The exclusion
was primarily due to methodological mismatches (exclude
review-based research), unavailability of full-text articles and
the targeted population other than teachers.

The final phase comprised 20 studies that satisfied all the
inclusion criteria. The selection criteria mainly focused
on quantitative and qualitative research that addressed the
challenges of in-service and pre-service teachers in mainstream
and inclusive schools. Also, these articles critically identified
the essential training and support services needed for teachers
to understand and manage students with ASD in classrooms.
Figure 1. illustrated the selection process.
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Figurel.

PRISMA Diagram for Sudy Selection in the Systematic
Literature Review

Characteristic of the Studies

The review covers 20 studies from various countries across
the globe. These studies investigate the specific challenges
teachers face when teaching students with ASD. Additionally,
the studies look at the essential resources educators require
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to succeed in mainstream or inclusive school settings. Out of
the 20 studies, 13 studies employed a quantitative research
design (Ayub et al., 2017; Boujut et al., 2016; Chahini &
Viana, 2021; Chung et al., 2015; Corona et al., 2016; Johnson
et al., 2021; Jury et al., 2021; Khalil et al., 2020; Kossewska
et al.,2022; McKeithan et al., 2020; Negash, 2019; Omolayo
et al., 2020; Shrestha, 2019), while 7 followed a qualitative
approach (Bagc et al., 2025; Bolourian et al., 2021; Carolan
& Slattery, 2025; Dalamitrou et al., 2024; Majoko, 2015;
Mpangane et al., 2024; Rice et al., 2023). The majority of the
quantitative studies adopted are either based on descriptive
or cross-sectional survey methods. Only two of the selected
studies are experimental designs (Johnson et al., 2021; Jury
et al., 2021). Three out of the seven qualitative studies used
phenomenological methodology.

In total, the reviewed literature aggregates insights from 2,467
in-service teachers. All the teachers are actively engaged in
educating students with ASD from pre-primary to higher
secondary levels in integrated, inclusive, and mainstream
schools. Additionally, 143 pre-service teachers preparing
to work with students with ASD were also included in the
analysis (Negash, 2019).

Among the selected articles, five were from the United States,
two were from Ireland, and another two were from France
(reflected in Table 2). The remaining eleven originated from
various countries across different continents. This distribution
highlighted that similar challenges were encountered
worldwide in the inclusion of students with autism in
mainstream schools.
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Table 2
Countries of the Publications(n=14)

United States
Ireland
France
Turkey
Greece
Poland
South Africa
Brazil

Saudi Arabia
Nigeria
Ethiopia
Nepal

Pakistan

R PR R R R R R R R R NN W

Zimbabwe
Total no. of Countries=14 Total no Articles =20
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The 20 studies presented in Table 3 highlight the growing
consensus regarding the importance of teachers' challenges
in order to incorporate proper teaching strategies for students
with autism into classrooms. Each student with autism has
distinct needs, making it even more imperative to understand
and successfully manage their inclusion into classrooms
(Robinson, 2016). Many teachers find this task daunting,
as it requires specialized knowledge and training to ensure

a successful inclusion of students with ASD in mainstream

schools.
Table4
Problems Identified by Teachers

Problems Levelsof Teachers Serial Frequency Percentage
Mentioned Numbers () (%)
by Teachers of Studies
Insufficient Pre-primary teachers or 1,2,3,4, 15 75%
knowledge kindergarten teachers, primary 5,6,7,8,
and training  teachers, post-primary 9,10, 11,
on ASD (elementary teachers), teachers 12,13,
working in inclusive schools, 15,20

special teachers in inclusive

schools, principals, elementary
and secondary school teachers,
Teachers working in Integrated

schools.
Lack of Kindergarten to higher secondary 1,4,7,13, 6 30%
collaboration teachers, primary teachers, 17,20

with school  teachers working in inclusive
management  schools, post-primary teachers

and parents

Negative Pre-primary teachers, teachers 2,3,4,5, 16 80%
attitude of in inclusive schools, elementary 7, 8, 10,

teachers, teachers, kindergarten teachers, 11, 12, 14,

extra secondary teachers, pre-service 15,16, 17,

workload, teachers, school professionals 18,19, 20

anxiety,

burnout
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Large Primary teachers, elementary 4,5,7,11, 6 30%
classroom teachers, middle school teachers, 13,19
size high school teachers, special
teachers working in inclusive
schools,
Lack of Primary teachers and secondary 8, 16, 18 3 15%

teacher self-  teachers, teachers working in
efficacy and  inclusive schools from pre-

motivation primary to primary, and school

professionals.
Gap in policy Primary school teachers, 3,6, 13, 4 20%
and practices  secondary school teachers, 20

school teachers from
kindergarten to higher secondary

level
Scarcity in Pre-primary, primary, secondary 3, 6, 10, 6 30%
resource 13,17, 18
allocation
Figure 2

Problems faced by Teachers

Table 4 and Figure 2 highlight the challenges faced by teachers
while including students with ASD in mainstream classrooms.
The majority of the articles (15 in total) included in the SLR
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revealed that teachers possessed limited knowledge about
autism. They struggled to understand the specific needs of
students with ASD and often failed to manage them effectively.
This lack of understanding and managing skills frequently led
to disciplinary issues in large-sized inclusive classrooms, as
reported in five studies. Such situations heightened teachers'
anxiety levels, and a significant number of them (16 studies)
held negative perceptions about students with autism, often
showing reluctance to include them in mainstream classrooms
alongside other students.

Additionally, 6 articles highlighted that teachers received
limited support from both school management and parents. In
some cases, as noted in 6 articles, teachers were found to have
insufficient resources to effectively support students with
ASD in mainstream classroom environments. Furthermore,
although inclusive education policies for students with ASD
existed in many regions, 4 studies highlighted that these
policies were poorly implemented by both governments and
schools. Collectively, these challenges were found to lower
teachers’ self-efficacy and motivation, as reported in three
studies.

Table 5

Support Needed by the Teachers

Dimensionsof Levelsof Teachers S.No of Frequency Percentage

Support Studies  (f) (%)
from
Table

Collaboration  Pre-primary teacher, primary 1,2,4,5, 14 70%

between school teachers, post-primary 6, 10, 12,

management, teachers, elementary teachers, 13, 15, 16,

counselors, kindergarten teachers, secondary, 17, 18, 19,

special special class teachers, teachers 20

educators, and  working in inclusive schools,

parents integrated school teachers,

school professionals
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Continuous
professional
development
with special
reference to
students with
ASD

Modification
in Teacher
Education
Curriculum

Consistent
Government
policy
implementation
and resource
allocation

Improvement
of teacher-
student
relationship,
teacher’s self-
efficacy, and
motivation

Figure 3.

Pre-primary teacher, primary
teachers, post-primary
teachers, elementary teachers,

kindergarten teachers, secondary,

special class teachers, teachers
working in inclusive schools,
integrated school teachers,
school professionals

Primary teachers, kindergarten
teachers, elementary teachers,
secondary teachers, and pre-
service teachers.

Pre-school teachers, secondary
teachers

Primary teachers, elementary
teachers, pre-primary and
primary teachers in inclusive
schools

>

1,2,3,4,
5,6
9,1

3,4
, 7,8,
0,11,
12, 15, 16,
17, 18, 19,
20

6,12, 13,
14,17, 18,
20

3,4,5,10,
12,13, 15,
17,18

7,8,12

18 90%
7 35%
9 45%
3 15%

Professional Support Needed by the Teachers
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Table 5 and Figure 3 highlight the various support services
that teachers need to effectively teach students with ASD in
inclusive classrooms. The most prominent need, identified in
18 articles of the systematic literature review, is continuous
professional development focused on teaching students with
ASD. Collaboration among school management, counselors,
special educators, and parents is also crucial, as reflected in 14
articles of the SLR. Additionally, 9 articles of the SLR stressed
the importance of modifying the teacher education curriculum
and ensuring consistent government policy implementation
with adequate resource allocation. Lastly, 3 articles focus on
interpersonal and psychological aspects- specifically teacher-
student relationships, along with teachers’ self-efficacy and
motivation. These findings highlighted that a comprehensive
support framework is vital for teachers for the successful
inclusion of ASD students in classrooms.

Discussion
Challenges faced by the teachers while teaching students
with ASD

One of the core classroom challenges is that students with
ASD usually face significant difficulties in social interaction,
reciprocity, and behavior control. Such students typically
choose isolation over interactions with their surroundings and
avoid sharing personal experiences with others. The lack of
social communication makes it very difficult for them to build
peer relationships, which leads to social isolation and exclusion
from activities that are appropriate for their age (Jury et al.,
2021; Mojko, 2016). Furthermore, they are likely to behave in
a repetitive or ritualistic manner, becoming overly possessive
of friends, which can present an added layer of complication to
the group dynamics and collaborative learning (Chung et al.,
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2015). Teachers usually find that students with ASD struggle
with cooperation, assertion, and behavioral regulation, which
include hyperactivity or internalizing behaviors. Moreover,
the classroom itself may become a hostile environment for
these students as they become soft targets for classroom
bullying. These damaging experiences can potentially hinder
the social development of these students, and this is where the
teachers need to intervene to safeguard these students while
ensuring a healthy learning environment for all, which is an
additional burden on the latter (Ayub et al., 2017; Bolourian et
al., 2021; Boujut et al., 2016; Mpangane et al., 2024; Omolayo
et al., 2020).

Theinclusionprocessis furthercomplicated by thetransition
challenges wherein students with ASD face difficulties in
switching between academic and social activities. These
students may even experience inconvenience due to minor
changes in their daily routine. Their interests and expectations
are usually quite rigid, which makes it all the more difficult
for them to adapt to new routines (Carolan & Slattery, 2025;
Dalamitrou et al., 2024; Rice et al., 2023; Shrestha, 2019). In
such a scenario, it is imperative to establish a positive teacher-
student relationship to create a sense of belonging and foster
favourable outcomes. However, building such a relationship
can be quite challenging due to the social and communication
struggles of these students. This challenge can become worse
if the teachers don’t possess adequate understanding of ASD,
making the required teacher-student relationship difficult
to achieve (Corona et al., 2016). All these factors disrupt
classroom culture, aggravate teachers’ burden, and result in a
negative attitude of these teachers towards students with ASD
(Boujut et al., 2016; Chahini & Viana, 2021; Chung et al.,
2015; Khalil et al., 2020; Negash, 2019).
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The challenges teachers face go beyond just classroom
management and hence require support from all corners,
which includes school management, counsellors, special
educators, and parents (Ayub et al., 2017; Carolan & Slattery,
2025; Mpangane et al., 2024; Omolayo et al., 2020). In many
cases, teachers in regular classes regard the presence of these
students as a distraction or a waste of resources rather than a
challenge. The underlying reason for such perception can be
their own lack of preparedness or insufficient support from
the school management, including principal, counsellors,
and special educators (Bolourian et al., 2021; Boujut et al.,
2016; Mpangane et al., 2024; Omolayo et al., 2020). Even
parents can play a very important role as partners by sharing
valuable insights about their child’s needs with the teachers
and supporting the implementation of the strategies at home.
But since many parents themselves are unable to maintain
their own mental health, affecting their ability to provide
the required support (Ayub et al., 2017; Boujut et al., 2016;
Mpangane et al., 2024). All these factors contribute to some
teachers experiencing feelings of isolation and ineffectiveness
(Boujut et al., 2016; Omolayo et al., 2020) and, without
adequate coping strategies, lead to higher levels of emotional
exhaustion, anxiety, and burnout (Boujut et al., 2016; Corona
etal., 2016; Jury et al., 2021; Majoko, 2015).

Many studies suggest that teachers with specialized training
in inclusive education (focused on students with special
needs) have a much better approach toward students with
ASD, and they support these students with more confidence
(Chung et al.,2015). Despite these evidence-based practices
(EBPs), these measures are not implemented consistently by
educators across schools. This discrepancy can be attributed
to insufficient teacher training and the complexity associated
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with identification and implementation of effective strategies
(Bagci et al., 2025; Bolourian et al., 2021; Carolan & Slattery,
2025; Dalamitrou et al., 2024; Johnson et al., 2021; Kossewska
et al., 2022; Mpangane et al., 2024; Rice et al., 2023).

Although teachers largely advocate for inclusive
education policy to protect the rights of students with
disabilities, various systemic limitations hinder its effective
implementation. In fact, many countries don’t even classify
developmental disorders as a health priority, leading to
inadequate coordination among educational institutes, limited
funding, and a shortage of qualified evaluation specialists
(Negash,2019; Omolayo et al., 2020). These wider challenges
also contribute to a lack of teacher preparedness, insufficient
infrastructure, and delimitation of crucial support services for
students with ASD (Dalamitrou et al., 2024; Kossewska et al.,
2022; Omolayo et al., 2020).

Professional Guidance Teachers Need to I nclude Students
with ASD in Mainstream Classrooms

Continuous professional development (CPD) is considered a
vital program that helps teachers acquire skills required for
effective management of students with ASD (Mpangane et al.,
2024; Rice et al., 2023). However, both pre-service and in-
service teachers still struggle with inadequate preparedness,
largely due to limited access to high-quality CPD (Boujut
et al., 2016; Corona et al., 2016; Negash, 2019; Shrestha,
2019). Professional development is an ongoing process that
incorporates the realities of classroom practice to enhance
teaching skills. Besides addressing the general principles
of inclusion, these CPDs help build specific strategies for
managing challenging studentbehaviour, designindividualized
educational plans (IEPs), and implement evidence-based
interventions such as PECS, TEACCH, and ABA (Mojko et
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al., 2016; Mpangane et al., 2024).

Some of the accessible sources of CPD guidance
recommended for in-service training include workshops,
seminars, and conferences that allow teachers to update their
knowledge and skills (Khalil et al., 2020; Omolayo et al.,
2020). These programs should also include training modules
focused on the use of assistive technologies and alternative
communication methods for students with behavioural
and communication problems (Dalamitrou et al., 2024;
Mpangane et al., 2024). Importantly, the CPD programs
should be customized to be relevant for various teacher
groups - preschool, mainstream, inclusive, and counsellors
(Bagci et al., 2025; Johnson et al., 2021; Kossewska et al.,
2022). These programs help teachers build rapport with
students with ASD, and understand their unique social,
behavioural, and emotional needs, eventually fostering a
classroom environment that promotes acceptance and a sense
of belongingness (Dalamitrou et al., 2024).

Sometimes teachers are unable to address the complex
needs of these students, and in such cases, they should
collaborate with the school management, counsellors, special
educators, therapists, and parents. Such a collaborative
approach can enable the successful inclusion of these students
in mainstream classrooms (Bagci1 et al., 2025; Carolan &
Slattery, 2025; Dalamitrou et al., 2024; Mpangane et al.,
2024). But a whole-school approach necessitates inclusive
leadership training of the principals and other school leaders
(Rice et al., 2023). Hence, regular workshops are crucial for
promoting best practices and aligning with inclusion goals.
These collaborative opportunities can help strengthen ties
among teachers, counsellors, and external experts, creating a
supportive network for all (Carolan & Slattery, 2025).
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Initial teacher education programs are often generic in
nature and do not equip teachers for any specific purpose,
such as supporting students with ASD (Rice et al., 2023). But
now there is a pressing need to revise the teacher education
curricula to include a few mandatory modules, such as ASD,
inclusive pedagogies, and evidence-based interventions
(Ayub et al., 2017; Boujut et al., 2016; Chung et al., 2015;
Kossewska et al., 2022). These modules should focus on the
theoretical as well as practical aspects of inclusion, which will
equip teachers with the skills required to design and implement
tailored interventions to recognize the diverse manifestations
of ASD (Dalamitrou et al., 2024; Negash, 2019; Omolayo et
al., 2020).

Teachers also cite lack of resources and support as one
of the barriers to effective inclusion, especially in countries
where disability lacks cultural and social acceptance (Ayub et
al.,2017; Chahini & Viana, 2021; Khalil et al., 2020; Omolayo
et al., 2020). Hence, policymakers should focus on consistent
implementation of inclusive education mandates at the school
level, with adequate funding for classroom aides, specialized
training, and assistive technology (Ayub et al., 2017; Chahini
& Viana, 2021; Dalamitrou et al., 2024; Khalil et al., 2020;
Omolayo et al., 2020). Policies should also lay emphasis on
the development and dissemination of informational material
and clear guidelines to support the teachers (Mpangane et al.,
2024). Adequate training and policy support coupled with
multi-stakeholder collaboration motivate teachers, leading to
effective teaching and better outcomes for students with ASD
(Bagc1 et al., 2025; Rice et al., 2023).
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Conclusion

This SLR demonstrates that the global challenge of including
autistic students in mainstream education remains unresolved.
This is largely due to the inherent difficulties in accurately
understanding and interpreting their distinct educational
needs. This challenge is not limited to geographic boundaries;
it extends to diverse educational systems worldwide. Despite
strong policy frameworks advocating for inclusive education,
practical implementation faces significant obstacles. One
of the most critical issues is the inadequate professional
development of teachers. This lack of training leaves teachers
unprepared to meet the unique needs of students with ASD in
mainstream classrooms.

This SLR has several limitations. First, it did not incorporate
any formal appraisal of the risk of bias in the 20 articles
included in the analysis. Second, the scope was restricted to
school students with ASD and teachers working with ASD
students at the K—12 level, thereby excluding learners with
ASD in higher education and the educators who teach them.
Future reviews should consider broader qualitative scopes
and examine a wider range of challenges reported by teachers,
along with the support services required to address those
challenges effectively.

Although inclusive education advocates that every student
has an equal right to quality education, including those with
disabilities (Ainscow,1997), many disabled students are
currently pushed into special schools because mainstream
schools are not ready to include them (Ilias et al., 2020).
With more students being diagnosed with ASD, better teacher
preparation becomes an important issue. Providing educators
with the right professional support is the only way to create a
classroom environment where students with ASD can actually
learn effectively.
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Abstract

Adopting and integrating artificial intelligence (Al)
technologies into education presents opportunities for
transformation and numerous challenges, mainly concerning
students with disabilities. On one side, there is the opportunity
to leverage accessibility and increase competencies for
personalised learning, while on the other side, there are
issues with privacy, equity, and bias in the development and
application of Al technology. The paper aims to understand
and explain various dimensions of the intersection of
disability in education and Al and shed light on opportunities
and challenges associated with integrating these technologies.
The important aspects of the paper will include the role of
Al in facilitating personalised learning that is tailored to the
specific needs of SWDs. The importance of Al-driven tools like
adaptive learning platforms and assistive technologies has been
recognised and emphasised in existing literature. However,
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the path of Al technologies has to be trodden carefully, as
inherent challenges and limitations of technologies, such as
algorithmic biases, which can perpetuate existing inequalities
rather than mitigate them. Besides, certain challenges hinder
the use of Al technologies by students with disabilities in the
education institutes in India, and they deserve an elaborate
discussion. Possible challenges to applying Al in the context
of learning can also be outlined, such as access to technology,
a deficit of digital competencies and/or experiences, and
perceived sociology of Al. Furthermore, the intersectionality
of multiple identities and axes of social exclusion, such as
gender, caste, and socio-economic status with disabilities,
adds further complication to the picture, and it needs to be
addressed. This paper, by synthesising the existing literature,
highlights opportunities and challenges in the adoption of
IA in education, particularly for students with disabilities.
The paper also aims to provide critical points that need to be
addressed for the future role of Al adoption in education.

Keywords: Inclusivity, Artificial Intelligence, accessibility,
Education, intersectionality

Introduction

Due to the use of Al, there have been a lot of discourses,
debates, and incidents that have been associated with the
integration of Al into the education system. Enhancing
the learning outcomes has become a central goal for most
educational institutions through the use of technology, and
with this, Al emerges as one of the key drivers to enhancing
traditional education practices. By providing the means
of personalised instruction, today’s styles of learning, as
understood by modern instructors, can be dramatically altered
with current Al technology. First of all, these developments
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made it possible to create an individual learning environment
that will include everyone’s strengths as a learner.

Al'makes it possible to present knowledge in various forms
since everyone has a different way of learning. For instance,
visual learners may prefer graphical interactivity to their
learning resources as compared to auditory learners, who may
prefer lecture-type presentations. This flexibility is essential,
especially to disabled students, as traditional teaching may
otherwise not be effective. Using information technologies,
Al can offer self-adaptive system designs that offer forms and
types of learning content towards the students' credentials
as well as their interests, thus enhancing the achievement of
inclusive education.

Besides, the Al technologies make it possible for disabled
students to participate in education regardless of where they
are. Technological advancements like speech recognition,
text-to-speech applications, and smart learning companions
can assist in filling gaps that exist in conventional learning
environments. It also increases the disabled’s participation
levels of students with disabilities in the classroom, besides
also enabling them to be in charge of their learning process.
Through Al, learners can control their own time in educational
exercises, which helps them to go through it as many times as
needed and makes them master what they are being taught.

Al capabilities do not only lie in the delivery of content,
but also in the design of the curriculum and guidance of
the prospective learners throughout. According to Onufer,
Al technologies may enable the learning tracks, which can
be taught by educators, to be sufficiently versatile to let in
all learners’ skills and needs, which in general leads to the
personalisation of the education systems (Using Generative
Al to Create More Accessible Student Learning Experiences
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— University Center for Teaching and Learning, n. d.). This is
especially the case in the current society, where students are
so diverse in their abilities, hence the increase in classroom
accommodations. Since Al systems can capture and review
each student’s behaviour and achievements, educators may
make necessary changes to the curricula or offer a student
extra help when needed. They also enable early interventions
to be made, thus enhancing the students' retention rates and
their performance in their academic endeavours.

However, there is more that ought to be said about how Al
can manifest in educational contexts; the question of the role
of ethics is critical in this regard. Since Al systems usually
rely on data feeds to be able to work efficiently, issues of
data ownership and protection become essential. It is always
challenging and compulsory for educators to ensure the
security of students’ details while, at the same time, tapping
into the technology to develop the students’ experience. This
means that policymakers have a significant responsibility
of setting standards that will help in the right use of Al for
education.

Existing literature highlights the challenges that students
with disabilities face in education, but Al is emerging as a
powerful tool to reduce these hurdles. For instance, the
services such as speech-to-text, or recommendation can be
simple tools that can help such learners to get the desired
results and do it independently. However, other issues, such as
privacy, fairness, and ethics, need to be addressed in using Al
in education to ensure that Al is utilised to promote education
rather than hinder it. (Randieri, 2024).

Due to the specific nature of disability when it comes
to Indian higher education, a proper consideration of Al’s
part seems necessary. Even though many governmental and
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other non-governmental organisations have tried to enhance
opportunities for students with disabilities to enrol in higher
learning institutions, the fraction of students with disabilities
that enrols in universities is considerably low, according
to various reports showing that only a small percentage of
students with disabilities are able to access universities as
compared to other students who do not have disabilities.
Challenges like poorly developed facilities, social prejudice,
and a low understanding of one’s rights and the available
services greatly fall in the way of these students’ education
(Gupta & Trivedi, 2024).

Socioeconomic status also adds to this; disability
compounded by factors such as caste, gender, or economic
status presents other barriers that many students have to
overcome (Jameel, 2011). For instance, the disadvantaged
compounds discrimination in that learners from such groups
are limited in their ability to network and get relevant
assistance in order to succeed in their university studies.
Thus, it is essential for policymakers and educational units
or institutions to take into consideration these multilayered
issues while enforcing the facilities of Al. The paper contains
the following sections. The first part is an introduction to the
paper, concerned with the themes of the paper. The second
part, following the introduction, is the literature review around
the following themes: the role of Al in the higher education
system and references to the Indian context, the opportunities
available for the education system to avail benefits from Al,
and the challenges that lie ahead in the adoption of Al by
higher education institutes, particularly in the Indian context.
The third part deals with the methodology used in the research
paper, the fourth part deals with the findings of the paper, and
the last section has concluding remarks.
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M ethodology

The paper is based on a qualitative literature review. A
qualitative literature review is a systematic method that
includes a systematic and critical assessment and analysis
of existing literature, rather than collecting original data.
This method is particularly useful in fields where context
is continuously evolving, such as the intersection of Al and
education. By employing a thematic review of the relevant
literature, the study identified opportunities and challenges
in the adoption of Al in the education sector, with special
emphasis on students with disabilities.

The methodology started with the identification and
selection of relevant literature. For this purpose, various
research articles, essays, academic books, and reports were
identified, and the most relevant literature was selected from
them.

The process of selection of literature was guided by
areas such as the intersection of Al and education, students
with disabilities in education, opportunities and challenges
in the implementation of Al in education, and the politics of
technology. The selection of literature was guided by these
themes of the study and the credibility of the authors.

After the identification of relevant literature, a thematic
analysis was performed in order to explore the major themes
associated with opportunities for Al implementation in
education. This involved the identification of key concepts
and the application of Al in education, such as personalised
learning and enhancing accessibility for a diverse category
of learners with disabilities. The research recognised these
themes and organised them, and it aimed to find holes in the
current literature. An appreciation of these nuances will lead
to a stronger understanding of the practical implications of
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adopting Al technology across varied education settings.

The research employs the concept of synthesising the
existing literature rather than fieldwork. The nature of the
synthesis process enabled the author to critically appraise
existing knowledge of the promise and limitations that
Al holds for education and how it may differentially affect
students with disabilities. Through this research approach,
the study could identify the current trends, opportunities, and
limitations. Moreover, with this approach, the researcher could
provide necessary suggestions that need to be considered for
the successful integration of Al in education.

The findings of the research not only highlight
opportunities and challenges associated with the adoption
of Al in education, particularly by students with disabilities,
but also touch upon the challenges of technology adoption in
general and particularly in the Indian context. The research
findings also highlighted the cautions of integrating Al in
education, particularly for vulnerable sections such as PWDs,
and the research also suggested the ways through which Al
can be more equalising in the context of Indian education.

Literature Review
Dimensions of ai and higher education

In simplest terms, Al fundamentally alters the content that can
be delivered to learners through data analysis to personalize
the content to the learner. Al technologies enhance the
learning process by having training and learning programs
that can be tailored according to a learner’s ability, and they
conduct teaching at the learners’ own choice. Al algorithms
that also gather information regarding performance and
students’ behaviour may offer real-time feedback and alter
materials used in educational processes to accommodate
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particular learning styles, thus making the whole process
more engaging and efficient. It assists the students in grasping
the knowledge more easily and prepares them for the learning
process, leading to improved performance in the education
system (Al-Zahrani & Alasmari, 2024).

When an educational goal is set, Al can play a crucial role
in achieving it by modifying the proposed lesson and method
of material delivery to meet the needs of each student. With its
data analysis capabilities, Al can assist teachers in identifying
students’ strengths and weaknesses, thereby catering to the
needs of every learner in the classroom. As a progressive
technology, Al is poised to personalise learning in the future,
thereby enhancing learning outcomes for all.

Al enhances admin locations through techniques that
alleviate monotonous jobs often performed by hard-working
faculty and administrative personnel. Some of them are
as follows: Some simple tasks are made using Al, such as
admissions processing. Another example is grading, where
the Al performs the task on behalf of teachers and comes to
scheduling as well. It means smooth functioning and balances
the faculty concern, focusing on teaching the students and
creating a better climate. In addition, through the analysis of
these large sets of data, it is possible to identify students most
at risk of dropping out, and thus, these measures are taken
that would improve retention (Kpierce, 2023). Leveraging
Artificial Intelligence within organisations’ structures
results in more efficient working models and improved
data management, therefore contributing to core resource
management and detailing of student services.

As such, Al can be employed to diversify students’ interests
by utilising chatbots and virtual assisting instruments. Using
Artificial Intelligence, these apps enhance the educational
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process by evaluating the students’ experiences and providing
the answers in their turn, which contributes to an integrated
experience. Various findings convey that the students who
use Al technologies are more satisfied and motivated, which
should enhance their learning (Stefanic, 2024). Moreover, the
very smart technologies made it possible to use fun elements
within applications and to come up with exciting learning
games that increase students’ engagement and group efforts
(Stefanic, 2024).

These technologies make it possible for the learners to
exercise their self-bettering records on their learning processes
and, in the process, make them feel more involved and
interested in the learning process and discovery. Moreover,
the reinforcement of values in social relations with reference
to learning activities, learners, teachers, and technological
systems equally describes the prospect of Al usage in higher
learning institutions. Such involvement is particularly
important in the online and blended learning delivery, which
may limit interaction between the instructor and the students.
For instance, the result of the experiment conducted through
the current research indicates the extent of the impact of
students' learning achievements once they interact with a
virtual teaching assistant chatbot to foster the importance of
artificial intelligence in contemporary education systems. This
makes it easy to foster a positive learning culture as educators
and policymakers are assured of the benefits of Al.

The questions of ethics become important as concerns
about the concept of Al integration in higher education
become advanced. Some of the questions that arise out of
the use of such models include - Data privacy Issues, issues
of bias in the algorithms, and service accountabilities of the
learning platforms carrying out those tasks in the educational
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processes. Science insists on the need to determine some
attributes of using Al in the educational process. Neglect
may have the following adverse effects on the students and
all the beneficiaries of the education, among them are the
reproduction of current injustice and the invasion of people’s
privacy. However, the problems arising from bias in automatic
grading systems also require a solution in order to give more
fair and justified assessment to the learners. It has become
compulsory that institutions use Al and be fair in all the
decisions made, while at the same time providing adequate
methods to reduce bias in the learning process (Kelly, 2021).

Al in higher learning institutions enhances not only
learning achievement, but also the student readiness towards
the emerging job market. There’s no doubt that Al is now
important in numerous sectors; thus, students must be ready
to encounter situations in fields that include Al. In this step,
the incorporation of Al education as intimately concerning
the current teaching practices is involved, as well as in the
development of learner support tools and frameworks to
increase the learners’ intellectual capability to think and
respond suitably to the Al technologies at their disposal. This
emphasis on Al in education should make stakeholders feel
optimistic about the future job market.

Multiple studies indicate a growing concern about the
capacity of students and professionals to implement Al in
the workplace. Over 80% believe college graduates should
be prepared to utilise Al skills upon entering the workforce
(Artificial Intelligence Joins the Workforce: Cengage Group’s
Employability Report, 2024). Thus, by relying on an Al-
based approach to learning and professional development,
universities can help learners feel more prepared and confident
about the challenges of a modern technological occupation
market.
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Opportunities of Al in education and SWDs

The UNESCO working paper strongly argues that Artificial
Intelligence (AI) can be leveraged in an effective manner
to promote equity and enhance outcomes in education,
particularly in developing countries like India (Pedro et al.,
2019). Al can be utilised in multiple ways to enhance learning
and facilitate accessibility in the education environment,
including personalised education, production of smart
content, automation of teaching and administrative tasks,
and enhancing accessibility for students with disabilities
(Al-Zahrani & Alasmari, 2024). UNESCO working paper
also highlights some of the major ways in which Al can be
utilised in education settings, for example, Al can be used
in personalised and improved learning outcomes by using
Intelligent Tutoring Systems (ITS) and Online Collaborative
Learning. Moreover, Al can enhance Education Management
Information Systems (EMIS), capable of dealing with vast
data (Pedro et al., 2019).

In its brief history, Al in education has gone through three
paradigms in which Al approaches are employed in various
ways to solve educational and learning difficulties. In the
first paradigm, Al tools were utilized to represent knowledge
models and direct cognitive learning, with learners receiving
educational services. In the second paradigm, Al tools are
utilized to facilitate learning as students collaborate with Al In
the third paradigm, Al tools are employed to enhance learning
possibilities while students engage in learning (Tapalova
& Zhiyenbayeva, 2022). Al has started making education
more interactive for students by utilizing technologies such
as Enhanced Reality (ER). ER is the combination of Virtual
Reality (VR) and Augmented Reality (AR). AR is the
technology that combines the physical world with computer-
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generated information, and VR creates a virtual world
experienced as very real. ER is a combination of these two
and could play a very important role in learning, particularly
science and technology (Goswami & Sharma, 2024). Some
major opportunities for the application of Al in the education
setting, particularly for students with disabilities, are explained
below.

1) Personalisation of education: Al is a technology capable
ofanalysing behaviour and learning outcomes of students,
and it helps to discover students' knowledge gaps,
allowing for the design of individualised study programs
for individual learners. Al tech can improve the efficiency
of learning processes by addressing students' particular
demands, thus enhancing their learning outcomes (Al-
Zahrani & Alasmari, 2024). Al is capable of adapting
according to individual learners’ strengths, weaknesses,
and preferences. This is particularly beneficial in the case
of a large classroom and a high teacher-student ratio.
In such a scenario, students with disabilities are often
ignored consciously or unconsciously. Here, Al can come
for rescue as it provides individualised attention to each
student according to their learning level. An intelligent
tutoring system (ITS) is one such computer programme
that is powered by Al, and it can analyse data related
to an individual’s performance and provide tailored
pathways for learning. ITS, for example, can adjust to
the difficulty level of mathematical questions based on
students’ performance (Pedro et al., 2019). Moreover,
hypermedia is another Al-enabled system of learning
that consists of audio, video, plaintext, and hyperlinks.
Hypermedia differs from popular multimedia, as the
former has interactive elements enabled in it, and it can
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2)

3)

tailor the content of learning for the learner according to
individual needs (Goswami & Sharma, 2024).

Production of smart learning: Al can create learning
that is more interactive and interesting for the students.
Moreover, Al is capable of providing multi-sensory
learning by generating and converting learning materials
for different senses, for example, converting written
material into audio format or vice versa. Al proves
to be helpful for students with health issues or severe
disabilities who cannot attend classes physically.
Telepresence robotics technology allows students to
engage in the classroom remotely, hence it ensures
inclusivity for students. Furthermore, Al is also capable
of promoting online collaborative learning by supporting
discussions among students physically distant students.
It can monitor and analyse the discussion, and it can
provide inputs on the level of participation of students
and highlight areas where additional guidance is required
(Pedro et al., 2019).

Automation: Al intelligence can be utilised to automate
routine tasks of teachers and administration, for example,
answering frequently asked questions, so that teachers
have more time for one-to-one interaction with students.
Moreover, Al-driven chatbots and personal assistants can
be used by students to receive additional learning support
outside the traditional classroom structure. Furthermore,
Al-based assessment systems can be utilised by educators
so that some tasks can be automated, which will reduce
educators’ burden and allow the teacher can devote more
time to other activities with students. AN Al-based system,
such as the Automated Grading System (AGS), can
perform various functions, such as grading assignments
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and examination papers, while simultaneously providing
an analysis of performance. The AGS can be trained with
sample graded papers, and based on this, it can automate
its function of evaluation by setting criteria automatically
(Goswami & Sharma, 2024).

4) Promote accessibility and Inclusivity: Traditional
approaches often focus on adjusting physical spaces
or providing limited accommodations, while Al-based
solutions have the potential to provide specialised,
personalised assistance that goes far beyond the physical
(Almufareh et al., 2024). The social model of disability
argues that in order to promote accessibility and remove
barriers, the disabling social environment has to be
reformed (Lang & Leonard Cheshire Disability and
Inclusive Development Centre, 2007). In contrast to the
social model, Al can be used at the personal as well as the
social level to remove barriers of accessibility faced by
individuals.

The field of disability support and assistive technology is
undergoing a tremendous change due to the incorporation of
Al Innovations in Al not only make it possible for persons
with disabilities to participate in society by amplifying their
capacity to convey thoughts and ideas but also create a deep
sense of belonging in a community (Almufareh et al., 2024).
Technologies such as speech recognition are groundbreaking
in creating an inclusive environment for students with
disabilities. People with speech disorders are able to participate
in communication due to the capacity of Al to convert speech
into text and vice versa. Students with speech impairment
are empowered by such technology because it is helpful in
making inclusive classrooms.
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Moreover, computer-enabled vision technologies are
of critical importance in describing the physical environment
for persons with visual impairment. These technologies are
particularly useful in navigation of the physical environment
as they can provide descriptions for a person with partial
vision or complete visual impairment. This technology proves
important as it enables independent movement, identification
of objects or people, and allows persons with disabilities to
engage with their surroundings. Moreover, technologies such
as smart wheelchair adapts itself and the navigation according
to the user preferences (Almufareh et al., 2024). Hence, Al
promotes inclusive educational environments, especially for
children with learning difficulties and other special needs. With
Al capabilities, educators can provide unique opportunities
for personalized learning and interactions, ensuring equitable
access to education (Al-Zahrani & Alasmari, 2024).

Challenges of Al Adoption in Indian Education

Various sectors, including education, are adopting Al, and its
impact has been transformative. While innovative Al solutions
have shown promising results, there are several challenges
in successfully integrating Al, particularly in developing
countries like India. Moreover, there is a global disparity in
research and development of Al, as most of the innovation and
technology powered by Al are concentrated in the developed
Western world. This lack of innovation in the developing
world signifies that the developing countries must work
toward developing Indigenous Al while recognising education
as a human right, so that innovative solutions for resolving
education inequality can be devised. Developing countries
are resource-poor as compared to developed countries, but
this scarcity of resources gives them an opportunity for frugal
innovation. The concept of frugal innovation suggests that
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cost-effective extraordinary solutions emerge in challenging
conditions. This frugal solution can help remove rampant
inequalities prevalent in the education sector (Pedro et al.,
2019).

The accessibility of Al is also limited by language biases.
Al tools developed in the Anglo-American world often have
limited language options, which leads to the exclusion of
non-native English speakers and international students. The
students in culturally and linguistically diverse countries like
India are disadvantaged due to the non-availability of their
local language in the Al tools (Kamak et al., n.d.). Moreover,
there is tremendous socio-economic inequality in India and
disparities in English learning in India. For example, on the
one hand, only 6 per cent of students from Bihar received
English medium education; on the other hand, 63 per cent and
95 per cent of students received English medium education
in Telangana and Jammu & Kashmir. Moreover, Hindi belt
states performed badly and showed inter-caste inequalities
(Goswami & Sharma, 2024).

Moreover, the availability of ICT tools in India is far from
universal, which is a prerequisite for most of the Al-powered
operations. According to a survey in 2021 during the pandemic
period, just 20 per cent of school students in India were able
to participate in remote learning during the outbreak, and
only half of these students attended online classes. Although
digital connectivity increased by 40% during the outbreak,
most Indian students were still unable to take advantage of
it due to limited device access, high prices, and poor signal
quality (Goswami & Sharma, 2024). In this context, it is
important to mention that Al adoption can potentially deepen
the existing inequalities of Indian society if education policies
and practices are not able to promote equity and inclusion.
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The existing digital divide can widen, where the existing
underprivileged section is excluded from the benefits of Al
To avoid the Al divide, the identified barriers to integration
of Al in the education sector, such as a lack of computers and
mobile phones, reliable and affordable internet connectivity,
and basic digital literacy, must be addressed to ensure equitable
access and inclusive education (Pedro et al., 2019).

Even if Al can be successfully integrated in the education
system, provided the availability of resources, the knowledge
of Al, and the challenges within Al have to be understood.
As it is said, every person is a child of his time, so is Al
The creator of Al, coming from a particular social, political,
economic, and cultural context, possesses their own set of
values. These values, in turn, affect the kind of data selected
for feeding algorithms. And these algorithms in turn become
the basis of Al technologies. Thus, the Al created is as good as
the creators, their values, their socio-economic background,
their culture, and conscious as well as unconscious biases.

In order to make Al implementation successful in a country
as diverse as India, the data used for Al creation has to be as
representative of the diversity as possible. In this context, a
UNESCO working paper puts it that, for effective functioning
of Al in education, reliable and holistic data is critical, but
many developing countries struggle to gather such data.
Data fuels the system of Al, and the working of predictive
Al depends on the kind of data used in it. The use of poor
data leads to incorrect outputs. For example, if data for an Al
intended to be used in an education system does not represent
the population of persons with disabilities, it severely limits
the understanding of education disparities within a country.
As highlighted by a study conducted by UNICEF in 2016, 19
out of 40 countries surveyed have no data for the population
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of students with disabilities (Pedro et al., 2019). Moreover,
there is a problem of isolated data; the Al programs intended
to be used in the education sector should have data not just
from the education sector but also from other sectors, such
as the health sector. For examples in developing Al used in
developing curriculum for school, should have data about the
educational disparities as well as health disparities so that
the midday meal program in the Indian context can be more
effective (Pedro et al., 2019).

Langdon Winner makes an important distinction between
two types of politics of technologies- flexible politics and
inflexible politics. This distinction has serious implications
for the intersection of Al technologies and persons with
disabilities (Flowers, 2024). Flexible politics allow for
the existence of multiple social arrangements, and these
technologies can be adapted to different political contexts.
The social context is extended through flexible politics
because societal debates and preferences can reshape the
purpose and intentions of these technologies. In contrast to
the flexible politics, another type discussed by Winner is the
inflexible politics of technology. This type of politics is linked
and driven by the existing institutional structures of power
and authority. The social consequences of technologies under
inflexible politics are inseparable from the decisions taken in
the process of development and deployment of technologies.
Thus, the adoption of such technology reinforces a specific
political ordering of the world (Schraube, 2021).

This important distinction by Winner challenges the
neutrality of technology, and it can shed light on the fact
that not only is the development of technologies, including
Al, shaped by politics, but technology is politics in itself.
This distinction provides insights into the development and
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adoption of Al and the exclusion of certain sections of society,
including persons with disabilities. Winner and other authors
argue that technology, and particularly the algorithms of this
technology, act as orientation devices. The orientation devices,
which are a result of historical context and social hierarchies,
shape how people interact with the world. By doing this, the
orientation devices amplify the existing biases and perpetuate
them, and thus align people with the dominant norms such as
ableism, racism, and colonialism (Flowers, 2024).

The very process of data collection and classification is
political in nature, as it is decided by existing power dynamics
and social norms. For example, Al-enabled technologies
for monitoring changes such as facial expression and eye
contact for people medically diagnosed with autism spectrum
disorder (ASD). Such technology evaluates the progress of
persons with autism on the basis of the criteria of ‘normal’
behaviour of a non-disabled person. And this technology
expects and trains the disabled person to be more like a non-
disabled person and counts it as progress in medical terms
(Mills & Whittaker, 2019). When such ableist technologies
are employed in the education sector for evaluation, they will
certainly disregard the socio-economic challenges faced by
persons with disabilities, and this will further the existing
inequalities.

Moreover, there are significant studies that prove that
Al technologies are gender and racially-biased. Some facial
recognition software misrecognises females with dark skin
tone at a more than 34 per cent of error, compared to just a 0.8
per cent error rate for white males. Additionally, such gender
bias is apparent in Al-enabled resume screening, where
females were screened out due to historically biased practices
of hiring. Further example of gender bias is that Al assistant
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features available in recent smartphones are not trained to
help women in an emergency, and these Al assistants cannot
comprehend terms like ‘rape or situations of gender-based
violence from intimate partners (Nandi, 2024).

A further concern with Al technologies vis-a-vis a person
with disabilities is the inability of Al to understand subjective
experiences of pain and personal discrimination faced by
people. Particularly in India, where being disabled is just one
axis of marginalisation. Persons with disabilities are further
marginalised by numerous socio-economic backgrounds such
as gender, caste, regional, and economic status. Al cannot be
successfully implemented unless the very development of
Al is informed by a comprehensive dataset representing the
intersectionality of various identities. This calls for fairness in
Al technology, and that should be context-sensitive fairness
rather than Western-centric fairness. There need for a context-
specific fairness that considers the socio-economic landscape
of Indian society. In India, datasets are reflective of the
digitally literate middle class, often missing out the digitally
illiterate lower class (Sambasivan et al., 2021). Also, scholars
like Mills & Whittaker (2019) put it

“Thus, disability is entwined with, and serves to justity,
practices of marginalisation. As such, examination of Al bias
cannot simply “add” disability as one more stand-alone axis
of analysis, but must pay critical attention to interlocking
structures of marginalisation, and the way in which these
mediate how “disability” itself is defined and who has the
power to affix these definitions. (p. 11)

Unless comprehensive and representative data become
the basis for the creation of algorithms, an inclusive Al
for inclusive education will be a distant dream. Making Al
technologies responsive to the intersectional nature of society
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also involves making them accessible and affordable. If an Al
technology is not accessible to a person with disability because
of its high cost, instead of bridging the gulf of inequality, it
will widen it.

Additionally, there are challenges related to the privacy
of the user and ethical conduct. Al technologies, such as
computer-aided visual technologies, which monitor the
surrounding environment, including the activities of persons
within the frame of the camera of the device, pose serious
risks to the privacy of the user and those who are captured
by the camera. This privacy risk has to be taken into account,
and stringent laws have to be formulated to protect people’s
privacy and create proper channels of accountability.
Moreover, the globalisation of Al generates patterns of
exploitation similar to colonialism, where data is usually
extracted from marginal communities and products are sold
for profit. In such a profit-oriented neoliberal system, data
is prioritised at the cost of ethical principles. The contest-
sensitive fairness talked about by Sambasivan and others
can be ensured with the participation of stakeholders in all
the phases from development to deployment of Al. Without
community participation and participation of the intended
users, such as students with disabilities and teachers, a social
and politically sensitive Al cannot be imagined.

Alisnotcapable of makingeducationaccessibletoeveryone
by itself unless there are efforts at the societal level in terms of
removing attitudinal barriers and social stigma. These are the
barriers that hinder equal participation of the marginal section
of our society, such as persons with disabilities. Moreover, it
is societal biases that creep into the realm of technology and
Al So, the ultimate solution to deal with biased Al algorithms
is to target social bias and attitudinal barriers. One way is the
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sensitisation of relevant stakeholders involved at the level of
technological development, as well as actors involved at the
implementation site of these technologies. For our purpose,
at the education institutes, various member of the education
community has to be sensitised about the prevailing conscious
or unconscious bias. Sometimes, just making people aware of
their biases results in significant change. Another way to make
technology more suitable to the needs of the recipient and
responsive to addressing the specific requirement according
to multiple access of marginalisation is active participation.
In this direction, a UNESCO report suggests ‘creation with
rather than for’ (Pedro et al., 2019).

Key findings
Based on the literature reviewed, there are some notable
findings, which are highlighted below.

Al hastransformative potential in Education.

Al technologies integrated with learning can enable vibrant,
engineered, personalised, and effective learning by making
provisions for content delivery that relates to the performer
and preferences analytics data. This capability of Al can cater
to learner-specific plans and ways of learning and makes
education so much more interesting, responsive, manageable,
and viable, particularly for disabled learners. This capability
of Al facilitates individualised study pathways and makes
education much more engaging, efficient, and effective,
particularly for students with disabilities (SWDs). Moreover,
Al can effectively deal with administrative functions of
teachers such as admission and assessment, which will allow
teachers to devote more time to interactions with students.
Thus, it will improve the overall education outcome of
students.
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Al-aided lear ningopportunitiesand enhanced accessibility

Artificial intelligence, if developed with comprehensive data
and deployed with proper intentions, can bridge accessibility
gaps in education. Al technologies can provide special
devices and software that cater to the specific needs of the
SWDs. Examples of these technologies, as explained above,
include an intelligent tutoring system, telepresence robots,
and customised production of content. Al can also promote
collaborative learning, which allows SWDs to engage with
their peers, and it ensures that no one is left behind. Thus,
fostering a sense of inclusivity amongst SWDs. Moreover,
Al technologies are capable of not only making the
classroom accessible but also the physical environment by
making navigation easy for students with mobility or visual
impairments.

Limitationsin Al adoption

The limitation of resources in countries like India is a major
hindrance to the universal adoption of Al technologies. The
allocation of the budget for education is significantly low
despite the recommended allotment of at least 6 per cent of
gross domestic product by several education commissions
and the New Education Policy. In the last interim budget
in the financial Year 2025, India allocated only 4.6 per cent
of its total GDP (Khan, 2024). Moreover, there is an intra-
societal inequality of wealth, and given that most of the new
technologies, including Al, are costly, it is not possible for
people from the lower class to buy these technologies.

Moreover, technologies, including Al, are not neutral.
They are constructed in a social environment, and they have
values attached to them. The technologies are, in a sense, an
extension of society, and they represent values held by the
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dominant group in that society. The various biases, such as
ableism, sexism, and casteism, that are prevalent become part
of technologies such as Al algorithms. Instead of bridging the
societal gap, the adoption of such technologies is detrimental
to societal inequality, and these technologies function as
orientation devices. The way forward is to fuel the algorithms
of Al with comprehensively representative data that is context-
sensitive.

Ethical Implications

Apart from societal biases creeping into technologies, another
concern in adopting Al is ethical in nature. Since Al continues
to gather data for analysis so that individually tailored
performance can be ensured, it poses a serious privacy risk.
These risks are severe for some sections of society, such as
persons with visual impairment. For example, visual Al, which
gives computer software eyes and lets it see and interpret
the world like a human. Visual Al can be used for a person
with Visual impairment for navigation, but it has significant
risks for the person who is using it, as well as people who
are unknowingly captured in the camera. These technologies,
although they can be transformative, must be complemented
by strong Al regulations from the governments. Moreover,
over-reliance on Al can cause students or teachers to be lazy,
which can lead to deteriorating academic outputs and low
human interaction in education.

Need for a context-sensitive approach.

Any relevant technology has to be context-sensitive both
to the local needs and the diversity within the community.
Al technologies developed in the Western and Anglo-
American world cannot be adopted in the developing world
without contextualising them, as Al technology often fails
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to understand the complexity of the developing world. India
possesses a rich diversity, and hence there is diversity of users
and SWDs need varies according to the social location and
kind and degree of their disability. A technology has to be
developed so as to address these socio-economic differences.
In order to make technologies relevant for different persons
with disabilities, their participation should be ensured with
experts.

I mportance of Sensitisation

The sensitisation in the education institute is a fundamental
step in the adoption of artificial intelligence technologies in
India. Through sensitisation awareness, students, teachers, and
parents can be raised regarding the benefits and implications
of integrating Al in the education setup. By encouraging
discussions and workshops on the benefits and challenges
of Al, the stakeholders will be better able to deal with
misinformation and hesitations regarding adopting Al. Also,
this process will play an important role in dealing with ethical
concerns such as issues of data privacy and algorithm biases,
which are important in building trust in Al technologies.
Moreover, training programs for educators are also critical
for the implementation of Al, as training will empower
educators and staff to utilise Al effectively. Sensitisation has
the additional benefit of evaluating existing infrastructural
capacity and requirements to implement Al effectively and
investing in order to serve the actual needs of those who are
aimed to be served. Ultimately, a continuous commitment to
sensitisation is important to the evolving technologies and to
building a culture for innovation. Through constant updates
and short training courses, the skills of students as well as
teachers can be sharpened.
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Conclusion

As evident from the literature reviewed in this paper,
incorporating artificial intelligence in learning will greatly
benefit the disabled students. Al technologies can also help
educational institutions to build up learning spaces for these
students and the corresponding environments that could be
constructed for these students in such a way that they are
personalized, inclusive, and adaptable to their contexts. This
encourages students’ participation and learning and shifts the
balance in favour of the disabled students' potential.

Totruly leave no disabled learner behind under the resource-
heavy identification regime, it is incumbent on addressing the
very real and systemic ground-level barriers, including socio-
economic disparities, digital illiteracy, in a much different way
than can Al alone can. Education stakeholders need to centre
the voices of disabled learners in creating and implementing
Al, so that their lived experiences and challenges help shape
these tools. Including disabled students and their allies in the
dialogue about bringing Al into those use cases enables truly
responsive adaptation.

Beyond this, however, ethical issues such as data privacy
and algorithmic bias, as well as the tendency for Al to
become a ‘silver bullet’ for all societal problems, mean that
education is an area where these concerns are particularly
acute. Ensuring that there is no erosion of rights or dignity
for students with disabilities, and clear policies in which Al
tools respond to the populations they serve, are of the utmost
importance. Educators and peers must be sensitized/trained to
provide a supportive educational environment, which should
also cater to inclusivity and accessibility.

Therefore, the direction on the inclusiveness of the
educational framework supported by Al must consider the
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importance of the experiences of learners with disabilities.
Educational institutions must therefore pledge efforts to
eliminate barriers to learning as well as to create Al solutions
that foster equity, accessibility, and enlightenment. The notion
that technology is the solution for effective teaching and
learning of disabled learners will only be realized if disabled
learners are empowered to be part of the process to develop
it, therefore ensuring the future benefits of technology in
improving educational success for every child, regardless of
their disability.

Scope and limitations

The paper ‘Navigating Inclusivity: Exploring the Intersection
of Artificial Intelligence and Disability in Education in India’
deals with the intersection of Artificial Intelligence and
education in India, particularly with students with disabilities.
The paper outlines opportunities for integrating Al in India's
education system and its benefits for students with disabilities
in promoting inclusivity in the education environment.
Moreover, the paper outlines the challenges ahead in adopting
Al in education due to the particular situation in India and the
political nature of technologies.

However, this paper has certain limitations. It is not a
technical paper as it does not deal with the technical aspects of
integrating Al into the education system. Moreover, the paper
focuses specifically on students with disabilities in Indian
education, so the findings may not apply to another category
of students or other countries at large.
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Abstract

In educational frameworks, sign language integration must be
more focused and addressed immediately for all, especially for
hearing-impaired people. Despite its attempts to change the
Indian educational landscape, the National Education Policy
2020 does not cater to this demographic. In this research, I
critically evaluate NEP 2020 on sign language treatment in
education contexts. Through thematic analysis and review
of relevant literature/policy documents, gaps, deficiencies,
and systemic barriers to student participation with hearing
loss are identified. The research concludes that educators
need better training to communicate with and support such
students. It also shows how accessibility measures can be
improved for education - even for students with hearing
impairments - in learning environments. By promoting
inclusivity, communication accessibility, legal conformity,
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and pedagogical effectiveness, this research is trying to change
things so that every student with hearing impairments has the
education they deserve.

Keywords: National Education Policy, Persons with Hearing
Disability, Sgn Language Integration, Deaf Education,
Educational Inclusivity, Systemic Barriers, Persons with
Hearing Disability, Accessibility Measures.

I ntroduction

In 2020, the inception of India’s National Education Policy
(NEP 2020) was a turning point in the national educational
odyssey. With a determined will to overcome obstacles
and promote inclusion, the NEP 2020 opened up many
possibilities for all in education (Suggestions sought for the
implementation of National Education Policy, 2020; Malik,
2021). Aiming at ambitious goals, it changed the ways of
education in order to make education more just and accessible.
In spite of this fervour for its noblest goals, there is one big
missing aspect to this: the promise of inclusiveness; sign
language is not integrated or managed properly in educational
frameworks. For deaf or hard-of-hearing students, sign
language is a linguistic as well as a cultural heritage (Simms
and Thumann, 2007; Foster et al., 2003; Sandler, 2006). Sign
language has such an enormous value to this demographic in
terms of social interactions and education (Govinda, 2020).
In the vast provisions of the NEP, however, sign language
is hardly acknowledged or assimilated (National Education
Policy 2020, Ministry of Human Resource Development,
Government of India, n.d.). So, this article begins the long
and hard look at the hidden neglect that denies educational
opportunities to sign language users. By looking at how the
NEP deals with sign language, this research aims to clarify the
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differences and difficulties of hearing-impaired pupils in the
education domain.

Detailed analysis and critical inquiry into reasons for that
oversight / in what ways systemic barriers to full systemic
inclusion of sign language in education are preventing this. But
more importantly, it says how urgently they must be corrected
for the sake of educational equity and student empowerment
of deaf and hard-of-hearing students. In this discourse, the
article confronts the readers with uncomfortable realities
of institutional disregard. So, we are inviting policymakers
& educators & all other relevant parties to hear the voice of
the excluded and act towards a just and inclusive education
milieu. So, only by acknowledging the silent disregard of sign
language in the NEP can we make education inclusive.

The Rationale of the Study

The National Education Policy (NEP 2020) is a historic
document in the educational landscape of India, and it focuses
on the idea of inclusion, equity, and quality. However, NEP
2020 overtly ignores a very important point that sign language
should be made an integral part of the mainstream education
system in India (Sign language will be standardized across
India, 2020). The main form of communication for people
with hearing loss is sign language, which also helps with
knowledge acquisition, social interactions, and cognitive
growth (Johnson, 1989; Ghari, 2016; Teklemariam, 2016;
Inclusion and education, 2020; Marschark, 2005). Its
significance and complexities are nevertheless underserved
in policy discussions (Marschark, 2005). That is the aim
of this research: to fill this apparent vacuum in the NEP by
highlighting the neglected aspects of sign language education.
Its justification is essentially that everyone should have
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equal opportunity to receive quality education, regardless of
ability (Jokinen, 2018; Wollff et al., 2021; Foster et al., 2003;
Hyde & Power, 2004; Wamae & Kang'ethe-Kamau, 2004;
What you need to know about inclusion in education, 2023;
Lindsay, 2003). This research seeks to include sign language
recognition and inclusion in the National Education Policy
to protect the rights and needs of deaf and hard-of-hearing
people in India's educational reforms.

Moreover, communication access is another important
criterion for this study (Jokinen, 2018; Luckner et al., 2005;
Babbar, 2020). For those with hearing impairments, sign
language is a crucial link to the environment around them
(Falvo et al., 2020; Ogada, 2019; Griffin, 2018; Bruce &
Borders, 2015; Borders et al., 2016). In educational settings,
however, they are disadvantaged because sign language is not
well supported, and thus they have difficulties with learning
and social inclusion (Falvo et al., 2020; Johnson, 1989; Simms
& Thumann, 2007; Luckner et al., 2005). So, this study points
out how important communication access is in education and
learning (Silvestri & Hartman, 2022).

Also, human rights are fused with legal requirements in
this investigation. Sign language is recognized as a linguistic
minority (Cenoz & Gorter, 2006), and people with disabilities
have the right to education in many international treaties
and in domestic legislations (Jokinen, 2018; De Meulder,
2015; Freitas, 2020; Pabsch, 2017; Legal recognition of
sign languages, 2005; Humphries et al., 2013). But they are
not enforced sufficiently to correct systemic injustices and
inequalities (Gorter & Cenoz, 2012; Jokinen, 2018). Looking
at legal and human rights issues in sign language education,
this work asks policymakers to protect those rights and make
them real for all learners.
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Also, pedagogical reasons justify this study. Sign language
is also a cognitive, academic, and socio-emotional language
for students with hearing loss (Pizzo, 2016; Griffin, 2018;
Hrastinski & Wilbur, 2016; Marschark, 2005; Borders et al.,
2016; Srikantaswamy, 2021). Pedagogical consequences of
sign language inclusion in curriculum - showing its value for
learning outcomes - inclusion in education - cultural diversity.
But from a larger rationale too - it seems there is a need to
deal with the largely ignored sign language of the NEP. So,
in its quest for inclusivity, communication accessibility, legal
conformity, and pedagogical efficacy, this study aims for
radical change so that every student with a hearing impairment
can have educational opportunities they deserve.

Research Objectives
Research objectives of the present study are listed below:

1. To critically examine the National Education Policy
(NEP, 2020) regarding its treatment or lack of mention of
sign language within educational frameworks.

2. To highlight the urgent need for comprehensive training
programs for educators to equip them with the necessary
skills and knowledge to effectively communicate and
support students with hearing impairment.

1. To identify systemic barriers and deficiencies in
the NEP affecting the educational experiences of
students with hearing loss.

2. To stress the need to improve accessibility measures
in learning environments so that all students with
different abilities can participate in education.

3. To promote clear provisions for teaching of sign
language in education policies relating to linguistic
and cultural rights of the hearing impaired.

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



Uncovering the Overlooked Aspects of Sgn Language... * 159

Research objectives are to highlight deficiencies in NEP
on sign language integration, to promote inclusive strategies,
and to highlight the need to consider hearing disabilities in
educational policies and practices.

Literature Review

Sign language for students with disabilities is needed for
inclusion in education systems (Borders et al., 2016; Sijuola
& Davidova, 2022; Bondurant, 2016; Bruce 1 & 1 Borders,
2015). For the deaf and hard-of-hearing student, sign
language is a form of communication and information access
(Marschark et al., 2005; Griffin, 2018). By integrating sign
language in educational frameworks, institutions may cope
with communication differences of students with hearing
impairments (Bondurant, 2016).

In addition to that, sign language removes communication
barriers to education that may prevent academic and social
progress of students with hearing loss (Borders et al., 2016;
Nordin et al.,, 2015). It allows classroom conversations,
group work, and educational resources in the preferred
mode of communication (Marchetti et al.). So sign language
basically gives all students with disabilities equal educational
opportunities and increases self-esteem and belonging to
education (Griffin, 2018; Mclnnes, 2018; Quinto-Pozos &
Reynolds, 2012).

Also, by accepting sign language as a valid and viable
form of communication, educational establishments show
inclusion and tolerance of linguistic plurality (Jokinen,
2018). It is good for students with hearing loss and for us all
at the school in general. For students with disabilities, sign
language is more inclusive now (Falvo et al., 2020; Borders
et al., 2016), and it includes diversity, social unity, equality,
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and human rights in education (Borders et al.). In conclusion,
sign language should be used in education for equality of
educational attainment and inclusion in learning (De Meulder,
2015; De Meulder, 2015).

In the literature concerning sign language inclusion in the
NEP 2020, there is much talk about inclusive education and
policies for people with disabilities, but little analysis of the
actual implementation of sign language provisions in education
frameworks (MHRD, 2020). Different learning requirements
are addressed in many studies (Malik,2021). Nand, 2020), they
do little to describe exactly how specific steps in educational
policies like NEP 2020 in India translate into sign language
help for students with hearing impairments. So, this research
gap also concerns how well training initiatives for educators
prepare them for communication with and support of students
in sign language. Occasionally, there are references to such
programs, but very few rigorous evaluations are necessary for
their effect and how to use them best. As such, this gap suggests
more in-depth research on structural barriers to sign language
use in education and thereby to equal educational attainment
for hearing loss. Correction of all these deficiencies will make
students succeed in education irrespective of hearing ability,
so the studies will help us with that.

Resear ch M ethodology

In this study, sign language treatment in educational
frameworks was analysed as part of research methodology
based on the National Education Policy 2020. The researcher
analysed NEP provisions & implementation for gaps and
deficiencies in meeting the hearing disability needs of people
with hearing loss. That included an overview of relevant
literature, policy documents, and educational practices in sign
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language integration. Methodology also includes a comparison
of the NEP with other educational policies and frameworks
in order to highlight strengths and weaknesses of the NEP in
terms of inclusion and equal educational opportunities for sign
language users. The researchers systematically investigated
oversight and management of sign language in the NEP and
how to correct deficiencies for educational equity for all. In
addition to this, the researcher intends to analyse how the NEP
treats sign language in relation to educational experiences and
opportunities of students with hearing impairments. The study
analysed the situation of this demographic group in education
and called for sign language recognition and inclusion in a
more just educational system.

DataAnalysis

In this research, the data analysis method adopted was
qualitative analysis. Qualitative data analysis deals with the
systematic interpretation of non-numeric data and texts from
literature reviews, policy documents, and educational practices,
for example. In this instance, the researchers examined,
analysed, and critiqued the National Education Policy (NEP
2020) on sign language inclusion in Education frameworks.
The researcher used thematic analysis to identify themes,
patterns, and discrepancies in sign language treatment in the
NEP. He has reviewed relevant literature, policy documents
for gaps, deficiencies, and barriers to integration, and the
impact on the educational experiences of people with hearing
disabilities. The researcher has also done content analysis on
provision, implementation strategies & impact of NEP on
sign language integration. Using textual data from different
sources, the researcher tried to show both challenges and
opportunities for inclusion and equal educational opportunity
for all, especially sign language users. As such, the data
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analysis method adopted herein is largely qualitative and thus
concerned with critical examination, thematic analysis, and
content analysis of policy documents and literature on sign
language inclusion in NEP 2020.

Figure -1
Concept Map of the Study

Findings and Discussion

Lack of Explicit Provisions for Sign Language
I ntegration in NEP 2020

Sign language is more than a way of communicating, but is
rather an integral part of the deafness or hearing impairment
population, as well as their identity and culture (Lucas et al.,
2004; Ladd, 2006; Reagan & Penn, 1997). Sign language
is the main language of interaction, which contains its
linguistic heritage and is used to express ideas, sentiments,
and principles (Foster, 1996; Simms & Thumann, 2007).
Sign language is crucial, yet the National Education Policy
2020 does not explicitly mention its inclusion in education
frameworks. Guidelines for teaching and using sign language
in schools are a glaring oversight of the NEP (MHRD,
2020). Those students with hearing disabilities are also
denied quality education because of this exclusion. Lacking
appropriate support and resources for sign language in these
students limits their educational participation (Menon, 2020).
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They struggle to understand instructional material, to interact
with peers, and to communicate with educators. The lack of
explicit recognition of sign language in educational policies
shows utter contempt for linguistic rights and needs of the
deaf and hard-of-hearing students (Prado & Gago, 2020;
Reagan & Penn, 1997).

Without considering sign language a valid form of
communication, the NEP perpetuates systemic barriers to
educational progress of this disadvantaged demographic
(MHRD, 2020). This is an oversight that cuts students who have
hearing loss out of learning and forms a segregation and bias
narrative. To correct this, educational policymakers must put
sign language first in educational policies and methodologies
(Silvestri & Hartman, 2022). It's about inclusion of sign
language training in curricula, sign language interpretation
resources & professional development for educators of sign
language communication. Sign language as part of general
education - opening schools to more equitable learning for
all students (Johnson, 1989; Borders et al., 2016). Inclusion
of explicit sign language guidelines in NEP 2020 is essential
to eradicate educational barriers experienced by people with
hearing impairment in education.

Knowing the value of sign language and making concrete
steps to incorporate it into educational practices will allow
policymakers to design inclusive learning environments
respecting the linguistic rights and cultural identity of all
students (Improving Education for Deaf and Hard of Hearing
Students in California, 2016; Alasim, 2019).

Deficiencies in Teacher Training Programs for Deaf
and Hard-of-Hearing Students

Communication is key to inclusive education, especially
for students with hearing disabilities (Easterbrooks, 2008;
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Simms & Thumann, 2007; Luckner, 2010). But despite all the
good intentions, the National Education Policy (NEP 2020)
fails to recognize the critical need for specialized teacher
training programs for educators geared to supporting this
group of students (Desk, 2020; Darling-Hammond & Sykes,
2003; McLeskey et al., 2004; Billingsley & McLeskey, 2004;
Sharma et al., 2023). Specialized training in sign language
interpretation and strategies for deaf students’ education
leaves teachers ill-equipped to engage and support students
who are deaf or hard of hearing (Pasrija, Dhull, & Gupta,
2023; UNESCO, 2021). Therefore, such students are denied
all the necessary academic and social support systems.

At the heart of inclusive education is the ability of
educators to communicate with all students, no matter what
their needs or abilities (Sheldon, 2019; Makoelle, 2014;
Mieghem et al., 2018). Sign language is very important to
students with hearing disabilities because of the need for
precise sign language interpretation techniques, deaf culture,
and adapted educational strategies (Marschark et al., 2008;
Luckner & Muir, 2001; Nussbaum et al., 2012). Unfortunately,
the current landscape of teacher training programs within the
NEP fails to address these critical components, and educators
are not prepared to meet the needs of their students. With no
specialized training in sign language interpretation, educators
might struggle to understand their students with hearing
loss and thus lose participation in class. It is also lacking in
comprehensive education on deaf culture and educational
strategies (Sriniaasan, 2015), for educators to create learning
environments that support all students academically as well as
personally (Luckner et al., 2005).

As a consequence, students with hearing disabilities are
denied the necessary support systems for their academic and
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personal development. Poor teacher training perpetuates
systemic barriers to quality education for these students and
to their participation in the educational system (Ferrara &
Pedone, 2019; Ifunanya et al., 2013; Wayne & Youngs, 2003).
To solve this problem, the NEP 2020 should put emphasis
on developing and implementing teacher training programs
for students with hearing impairment (Pande, 2024). In
such programs, they should have special instruction in
sign language interpretation, deaf culture, and educational
strategies for inclusive learning. Assisting educators with
the necessary skills and knowledge will allow the NEP to
support the academic and holistic development of deaf or
hard-of-hearing students so they can have equal educational
attainment and success.

So, the inadequate teacher training programs in the NEP
are a major academic and social barrier to students with
hearing disabilities (Jana & Chattopadhyay, 2023). With an
emphasis on developing and implementing teacher training
programmes for this subset of students, the NEP 2020 may
help to create an equitable system of education that will
benefit all students academically as well as personally.

Insufficient Measures to Ensure Accessibility in
Learning Environments

Accessibility is the key to inclusive education (UNESCO,
2000; Irer1 et al., 2020; Acedo et al., 2009; Sullivan-Sego
et al., 2016). But even with an overall aim for inclusion in
the National Education Policy (NEP 2020), accessibility for
the deaf or hard of hearing is not taken care of adequately.
Giving the least priority to the subject of accessibility
would undoubtedly accelerate the systemic barriers to full
engagement of students with hearing impairment in education
settings. An important deficiency of the NEP 2020 is that it

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



166 « Uncovering the Overlooked Aspects of Sgn Language...

does not guarantee accessible learning materials for students
with hearing impairment (Pande, 2024). Education resources
that don't make adequate accommodations for visual learners,
multimedia content without captions, or sign language
interpretation are often not available to these students.
As a consequence, students with hearing disabilities lack
key resources needed to understand and participate in the
curriculum compared to their peers.

In addition, non-inclusive classrooms compound the
problems of deaf and hard-of-hearing students (Stinson
& Antia, 1999; Hung & Paul, 2006). Without assistive
technologies like hearing aids or FM systems, as well as
with bad acoustics and lighting, they have trouble getting
information and participating in class discussions. If they
are denied accommodations and support, these students
may have trouble keeping up with their classmates and feel
isolated and excluded (Hung & Paul, 2006). If accessibility
is not considered an important consideration in educational
settings, then educational inequalities perpetuate in students
with hearing disabilities, in terms of not being treated equally
with peers. By not addressing these accessibility barriers, the
NEP 2020 is denying its own goal of inclusion and equity of
education for all (Nand, 2020).

To change this situation, educational policymakers have
to put emphasis on broad accessibility measures in education.
This includes providing accessible learning materials,
assistive technologies, and designing inclusive classrooms
that meet all learners’ needs. Educators also should be given
professional development in accessibility issues to help them
better serve students with hearing loss (NEP, 2020).

In short, inadequate accessibility measures in the NEP
block hinder the educational advancement of deaf and hard-of-
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hearing people. Putting accessibility first and doing something
about it will help policymakers create more equitable learning
environments where all students can succeed (Luckner et al.,
2005; Johnson, 2004).

Urgency of Developing and Implementing Robust
Inclusion Strategies

Sign language neglect in the National Education Policy (NEP
2020) has to be noticed and corrected immediately. Lacking
explicit sign language instruction provisions, inadequate
teacher training programmes, and accessibility measures
undermine the NEP's goal of equal education for all (Nand,
2020). To make education more equitable for all deaf and
hard of hearing peoples, policymakers must recognize their
linguistic and educational rights (Deaf Students Education
Services: Policy Guidance, U.S. Department of Education,
2020; Komesaroff, 2000; Office of Special Education
Programs, 2011; Humphries et al., 2013; Moores, 2005).

First of all, then, the NEP 2020 should make clear that sign
language is a legitimate form of communication and should
be taught. That means school curricula have sign language
instruction so students with hearing loss can learn their first
language. In allowing sign language education, the NEP can
make these students active learners who have educational
opportunities comparable to their hearing normal peers.

In addition, teachers must be trained to help students with
hearing loss (Musyoka & Gentry, 2020; Luckner, 2010).
Teachers need to be taught sign language interpretation,
classroom accommodation strategies, and inclusive teaching
so that all students know it (Luckner et al., 2005; Easterbrooks,
2008). With its opportunities for professional development
for educators, the NEP can better prepare them to serve the
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students they serve and prepare them academically as well.

More accessible measures are needed to remove hearing
barriers to learning besides sign language instruction and
teacher training (Easterbrooks, 2008; Borders et al., 2016).
That means helping with assistive technologies like hearing
aids and FM systems, as well as educational material being
captioned and sign language interpreted. If access is a priority
for NEP 2020, we can make learning accessible to all learners
and promote education equity.

Sign language, along with teacher training programmes
and accessibility measures, is therefore necessary for a just
education for all in the NEP. Linguistic and educative rights
of the deaf may help policymakers design an education
system where all students can succeed academically and
beyond (Jokinen, 2018; Jokinen, 2019; & Cawthon, 2011).
Sign language neglect has to be tackled immediately in the
NEP so no child is left behind in the quest for educational
excellence (Batra 2020).

Conclusion

No explicit reference to sign language in NEP 2020 is a big
barrier to its broad goals of inclusion and equity in education.
Lingual and cultural rights of people with hearing disabilities
are not considered in the NEP 2020, which perpetuates
systemic disparities and denies these students academic
support. However, in educational frameworks, policymakers
can change that by considering students' hearing disability
needs. From this clear rule must be drawn up and practiced
in sign language teaching, teacher training programmes, as
well as access to education must be improved for all students.
So now it is our turn to act; We need to take responsibility
for the sign language denial in NEP 2020 - a responsibility of
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policymakers/educators/stakeholders to work for an equitable
education system. If we know the value of sign language and
we know the needs of the disabled, we can ensure that all
students have equal access to education. So, use this moment
to work for all students - whatever their ability/background -
to succeed.
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Abstract

The paper discusses the occurrence, determinants, and
spatial distribution of the mental disability in India at the
district level based on census data (2001 and 2011) and NSS
estimates (2002 and 2018). Mental disability, which includes
mental retardation as an old nomenclature (means Intellectual
Disability) and mental illness, is approximately 8 percent of
the entire population with disability, and it has a significant
gender, rural-urban and regional variation. In addition, higher
underreporting is agreed on this section and prevalence is
observed to be more in the economically better-off states, such
as Kerala, Punjab and Tamil Nadu. The regression analysis
results show that the significant correlates are urbanisation,
elderly people, quality of housing, access to safe drinking
water, and participation in the labour force. GIS mapping
reveals substantial spatial heterogeneity, which highlights
that high-prevalence clusters require targeted interventions.
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Therefore, the results emphasise targeted, region-specific
policy interventions which integrate medical, infrastructural
and social strategies from early detection and mental health
support to sanitation, housing and nutrition. By providing a
detailed spatial and statistical mapping of mental disability
at the district level, this study offers critical evidence for
policymakers to design inclusive, data-driven strategies aimed
at reducing disparities and promoting equity for persons
with mental disabilities (Intellectual Disabilities and Mental
[llness) in India.

Keywords: Mental Disability, Mental Retardation,
Mental Iliness, District-level Analysis, Socioeconomic &
Demographic Determinants, Spatial Mapping.

Introduction

Disability is increasingly recognised as both a public health
and developmental concern, with significant implications for
social inclusion, economic participation, and human rights.
In India, the number of persons with disabilities (PWDs)
grew from 2.19 crore in 2001 to 2.68 crore in 2011, marking
a faster growth rate than the general population, partly due to
improved definitions, coverage, and reporting in Census 2011
(Census of India, 2001; 2011). Mental disability (here defined
as including both mental retardation as an old nomenclature
which is known as Intellectual Disabilities in current context
and mental illness) accounts for nearly 9% of persons with
disabilities (Census of India, 2011).

There are clear gender differences, with men continuously
reporting higher prevalence than women. This could be
because women underreport, there is social stigma, and
there are differences in nutrition and access to healthcare

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



184 « Prevalence, Correlates, and Spatial Mapping...

based on gender (Bongaarts, 2015; WHO, 2011). There are
also noticeable differences between rural and urban areas:
prevalence rates are typically higher in rural areas, which are
associated with poverty, poor sanitation, malnutrition, and
limited access to health services, all of which are known to
be associated with disability (Maulik & Darmstadt, 2007;
Braithwaite & Mont, 2009).

It is important to note that methodological changes restrict
direct comparability with previous data. The 2011 Census
increased the number of disability categories from five
to eight, enabling more nuanced analysis. Interestingly,
economically better-off states like Tamil Nadu, Kerala, and
Punjab have higher rates of intellectual disability, which may
be attributed to improved levels of diagnosis and reporting
(Lancet Psychiatry, 2020). The National Sample Survey data
(NSS, 2018) also show that some states have higher burdens,
which may be due to demographic, socioeconomic, and
infrastructure factors.

Despite a growing body of research on disability in India,
empirical work focusing specifically on mental disability
remains limited, particularly at the district level, where
substantial socioeconomic and spatial variations are most
visible. Existing studies rely largely on national or state-level
aggregates, overlook mental retardation and mental illness
as distinct yet related conditions, and rarely combine Census
and NSS datasets to provide a coherent temporal perspective.
Moreover, there is a notable absence of district-level spatial
analysis that maps mental disability patterns geographically,
and very few studies employ econometric techniques to
examine how demographic, infrastructural, and socioeconomic
factors jointly shape the burden of mental disability. These
gaps constrain evidence-based policy design, especially for
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high-prevalence regions and marginalised social groups.
Addressing these limitations, this study integrates descriptive,
spatial, and regression-based analyses using district-level
Census 2011 data, supplemented by NSS estimates, to offer
one of the first comprehensive assessments of the prevalence,
distribution, and correlates of mental disability in India.

Given this backdrop, the paper conducts an empirical
analysis of mental disability in India at the district level,
using data from the 2011 Census and supplemented by NSS
2018 datasets. It applies GIS mapping methods to uncover
spatial heterogeneity. Further, it investigates socioeconomic
and demographic correlates through regression analysis
techniques, and analyses prevalence patterns by gender,
location, and social group. The study intends to conduct
evidence-based research for one of India’s most marginalised
populations.

Data and M ethods

This study adopts a quantitative, cross-sectional research
design using secondary data from the Census of India (2001
and 2011) and the National Sample Survey (58th Round, 2002;
76th Round, 2018) to examine the prevalence, patterns, and
determinants of mental disability at the national and district
levels. District-level records for all 640 districts in Census
2011 were extracted, and the Census-reported categories
of mental retardation and mental illness were combined to
create a unified measure of “mental disability” for analytical
consistency. Descriptive statistics were applied to assess
temporal and spatial variations across gender, caste, rural—
urban location, and states. To explore spatial heterogeneity,
Geographical Information System (GIS) techniques were
employed to generate thematic maps depicting district-
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wise prevalence of mental retardation and mental illness.
Furthermore, a multiple linear regression model was
estimated using STATA MP 14.0 to identify socioeconomic
and demographic correlates of mental disability, using
district-level variables on literacy, urbanisation, labour force
participation, housing conditions, access to amenities, caste
composition, and age structure, all sourced from Census 2011.
The analysis relies exclusively on official national datasets,
ensuring broad representativeness and comparability across
regions. Together, this methodological approach integrates
descriptive, spatial, and econometric techniques to provide a
comprehensive assessment of mental disability in India.

Disability Prevalenceat All IndiaLevel: Evidence
from Censusand NSS

Table 1 provides Indian demographic scenario for persons
with disabilities using Census 2001 and 2011 data, and a
statistical comparison is carried out. Over 2001-2011, India’s
population expanded from 102.86 crore to 121.09 crore.
During the same decade, the count of persons with disabilities
rose from 2.19 crore to 2.68 crore. This means that the disabled
population grew at a relatively faster pace than the population
as a whole. Possibly, it can be attributed to improvement
in definition, coverage and reporting of disability in 2011
compared to the previous Census. Besides, India is also
experiencing increasing demographic and epidemiological
transitions, and it has implications for the disabled as well.
Although life expectancy has increased at the same time,
there is rapid growth in the incidence of disability among the
Indian elderly. Also, the disabled are not properly included
in India's economic growth; thus, it has favoured more to the
able-bodied, and the disabled are disadvantageously placed.
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Table 1. Population and Disabled Persons in India — Census
2001 & 2011 (in Crore)

Year Total Total Total Disabled Disabled Disabled Population Disabled
Persons Ve

Female  Share Share
M/F (%) M/F (%)

Population Male Female

2001 102.86 53.22 49.65 2.19 1.26 0.93 51.74/ 57.54/
48.26 42.46
2011 121.09 6233 58.76  2.68 1.50 1.18 51.47/ 55.90/
48.53 44.10

Further, the decadal growth of disability among women is
much higher. In 2001, the share of males and females in India
was 51% and 48% respectively. However, the percentage of
disabled males and females was 57% and 42% respectively in
2001. The gender gap for PWDs has roughly remained the same
between 2001 and 2011. However, the gender composition
for the PWDs is more volatile. By 2011, the gender gap had
slightly narrowed down, with males and females accounting
for 56% and 44% respectively.

It is pertinent to mention here an important finding of
the study that men tend to have a higher prevalence of
disability than women. This result appears contradictory, as
in many countries women have higher disability prevalence
rates (WHO 2011; Andrade et al., 2011). Some possible
explanations for this unexpected pattern are as follows:
Firstly, most studies have found that women tend to suffer
from chronic conditions that are less severe than those of men.
This could lead to underreporting of milder disabilities among
women in Census figures. Secondly, underreporting may
also occur due to perceived sociocultural conditions, such as
idiosyncratic norms and behaviour, stigma, and a tendency to
overlook women. Thirdly, widespread gender discrimination
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in nutrition and healthcare is evident. For instance, excessive
mortality rates are seen among women in the 0-5 age group
in India (Bongaarts 2015). It is possible that women with
disabilities face higher death rates than men with disabilities
and women without disabilities due to the double burden of
disability and discrimination.

It is evident from Table 2 that, as per NSS (2002) estimates,
the proportion of individuals with disabilities was 1.8 per cent
which increased to 2.2 per cent in 2018. In both periods, the
prevalence rate is higher among males than females. Further,
it is higher in rural areas than in urban areas. However, the
rate of increase in the incidence of disability is slightly higher
among urban females. It is important to note that Census 2011
also provides very similar estimates. Disability has rural-
urban differential as most of them reside in rural areas. The
incidence of disability in rural areas is higher due to lower
accessibility to health facilities, malnutrition, antenatal care,
immunisation, and less availability of sanitation and safe
drinking water. Besides, disability is a social phenomenon;
a strong correlation can be established between poverty and
disability.

Table 2. Share of People with Disability Obtained from NSS
(2002) and NSS (2018)

58th Round 76th Round

(July December 2002) (July-December 2018)

Person Male Female Person Male Female
Total 1.8 1.9 1.5 2.2 2.4 1.9
Rural 1.8 2.1 1.6 23 2.6 2
Urban 1.5 1.7 1.3 2.0 2.1 1.8

Source: NSS 76th Round, Persons with Disabilities in India,
Report No. 583 and NSS 58th Round, Disabled Persons in
India, Report No. 485.
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Table 3. Percentage of Persons with Only One Broad Type of
Disability in NSS (2018)

Typeof Disability = Person Male Female
Locomotor Disability 1.2 1.4 1.1
Visual Disability 0.2 0.2 0.2
Hearing Disability 0.2 0.2 0.2
Speech and Language 0.1 0.1 0.1
Disability

Intellectual Disability 0.1 0.1 0.1
Mental Illness 0.1 0.1 0.1
Other  Type  of 0.0 0.0 0.0
Disability*

Multiple Disability 0.2 0.2 0.2
Any Disability 2.2 24 1.9

Source: NSS 76th Round, Persons with Disabilities in India,
Report No. 583

Note 1: *: Sample number of persons is greater than zero but
estimates in percent when rounded to one place of the decimal
is 0.0.

Table 3 shows the percentage of people with only one broad
type of disability, based on the 76th round of disability
data collected in 2018. It is clear that the highest burden of
disability across genders is among individuals with movement
disability (1.2%). What is interesting to note is that, except
for locomotor disability, all other types of disabilities have

1. In the NSS 76th Round Survey of Persons with Disabilities (2018), the
term ‘intellectual disability’ was introduced in place of ‘mental retardation’
to align with the Rights of Persons with Disabilities Act, 2016.
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identical numerical values across genders. Since movement
disability is relatively easy to identify and its severity can be
detected, it is one of the reasons why the proportion of this
particular disability is higher in both the Census and NSS data.

Table 4 shows the proportion of disabled persons by type
of disability and social groups in India in Census 2001 and
2011. A noticeable trend is that the incidence of disability
has drastically declined for persons with seeing, movement,
and mental disabilities. However, this decline is offset by a
considerable rise in the decadal growth of individuals with
hearing and speech disabilities. Several factors contribute to
these empirical inconsistencies, mainly stemming from the
change in methods and definition of disability data collection
in the 2011 Census. In 2001, nearly half of the PWDs had
a “seeing” disability, compared to 18.77% in 2011. Again,
SCs had the highest share in 2001, but in 2011, STs recorded
the highest share. In 2011, persons with seeing impairment
experienced a drastic decline, partly due to changes in
estimation methods. One-eyed individuals were considered
disabled in Census 2001, whereas in Census 2011, such
persons were not treated as disabled in seeing. Additionally,
in Census 2011, enumerators were asked to apply a simple
test to ascertain blurred vision, unlike in Census 2001, which
mostly relied on self-reporting (Roy, 2022).

Table 4. Proportion of Disabled Persons by Type of Disability
and Social Groups in India in Census 2001 and 2011

Census 2001 Census 2011

Type of Total (%) SC (%) ST (%)  Total (%) SC (%) ST (%)
Disability

Seeing 48.55 48.60 48.38 18.77 19.11 20.00
Speech 7.49 7.30 7.50 7.45 5.19 5.27
Hearing 5.76 5.75 7.72 18.92 17.45 19.36
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Movement  27.87 29.13 27.95 20.28 20.50 22.42
Mental 10.33 9.22 8.45 8.31 7.49 7.55
Mental —_— —_— . 5.62 5.11 4.92
Retardation

Mental —_— — R 2.70 2.38 2.63
IlIness

Multiple - —_— I 7.89 7.31 8.93
Any Other —— —_— —_— 18.38 22.94 16.47

Source: Calculate from Census of India, 2001 and 2011
Note 2: In 2001, only five types of data on disability were collected.

The absolute number of people with a “speech” disability
has also slightly declined from 7.49% in 2001 to 7.45% in
2011. A person was considered to have a “speech disability"
if they were dumb or their speech could not be understood
by a listener with normal comprehension and hearing. The
definition was made more explicit in Census 2011 to record
people with a speech disability. For instance, people "who
speak in single words and are not able to speak in sentences”
were specifically mentioned to be treated as disabled. There
has been a very high increase in "hearing" disability, from
5.76% to 18.92%. Scheduled Tribes recorded the highest
visual disability at 19.36%. People using hearing aids were
treated as disabled in Census 2011, whereas they were not in
the 2001 Census. Furthermore, people having a problem in
hearing through one ear, although the other ear is functioning
normally, were considered to have a hearing disability in
Census 2001. However, in Census 2011, such people were not
considered disabled. It is interesting to note that “movement
disability” has significantly declined from 27.87% to 20.28%.
There was also a significant revision in the category of
movement disability. The highest number of people were
re-recorded in the type of movement disability. One of the
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probable reasons for the significant decline in the locomotor
disability is India's efforts to ameliorate polio to a large
extent in addition to improved health facilities and enhanced
capabilities in medicinal technologies.

Five types of disability data were collected in the 2001 Census
of the government of India, namely, persons with seeing,
hearing, speech, movement and mental disability. The list
expanded to 8 types of PWD categories in Census 2011. In
2001, data were collected only for mental disability; however,
it was bifurcated into two groups, mental retardation (R) and
mental illness (I), while collecting data in Census 2011. For
the sake of simplicity and comparative analysis, mental (I)
and mental (R) has been clubbed to make a comparative study.
In addition, data on two new categories multiple disability
and any other disability was collected for the first time in
the 2011 Census. Therefore, technically precise comparison
between the two time periods is difficult to ascertain. Multiple
disability covers as many as three types of disabilities.

Inthe 2011 Census, the “any other” disability group emerged as
the fourth largest category, accounting for roughly one-fifth of
all persons with disabilities. This classification was introduced
to address difficulties in accurately enumerating individuals
whose impairments did not fit into the predefined categories.
Essentially, respondents were asked to place individuals with
unlisted disabilities into this residual group. The unusually
high count recorded under this heading suggests potential
shortcomings in the enumeration process, possibly stemming
from inadequate guidance provided to field investigators on
how to interpret and explain this category to households. Such
inconsistencies complicate the use of these figures for policy

TIDSR-JOURNAL - Volume V ¢ Issue II * December 2025



Prevalence, Correlates, and Spatial Mapping... « 193

formulation and further limit the comparability of disability
data across 2001 and 2011. Since the two census rounds
adopted different definitions and data-collection procedures,
direct comparison is inherently problematic. Even so,
juxtaposing both datasets still offers valuable insights into the
evolving disability profile of the country and can inform more
targeted policy interventions (Roy, 2022).

Out of the total PWDs, 10.33% were mentally disabled in
2001, which declined slightly to 8.31% in 2011. The 2011
Census reported 5.62% mentally retarded people and 2.70%
mentally ill persons. Multiple disabilities affected 7.89% of
the total PWDs, with the highest incidence observed among
STs. It is worth noting that the "any-other" category of PWDs
accounts for a significant 18.38% of the total PWDs, with SCs
making up the largest group in this category.

Prevalence of Mental Disability across Gender,
Regions and Social Groups: Evidence from
Census 2001 and 2011.

Mental disorders are results of a complex interaction of
biological, environmental, social, cultural and economic
factors. National Mental Health Survey (2015-16) cited the
World Health Report, 2001 that “conditions related to the
brain and mind are acknowledged to be on the increase in
recent times. This is probably due to the growing awareness
in society, improved recognition, variations in disease
patterns, changing lifestyles and biological vulnerabilities.
Consequently, depression, anxiety, alcohol use, suicidal
behaviours, drug use, sleep disorders and several others are
on the increase” (p. 1).
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Table 5. Prevalence of Mental Disability across Gender,
Regions and Social Groups in 2001
Mental Disability Mental Disability (%)
Persons Males Females Persons Males Females
Total 2263821 1354653 909168  10.33 59.84  40.16

SC 341989 204602 137387 15.11 59.83 40.17
ST 136704 76606 60098 6.04 56.04 43.96
Rural

Total 1593777 949373 644404  70.40 59.57 40.43
S(@ 271639 161714 109925 17.04 59.53 40.47
ST 125198 69976 55222 7.86 55.89 44.11
Urban

Total 670044 405280 264764  29.60 60.49 39.51
SC 70350 42888 27462 10.50 60.96 39.04
ST 11506 6630 4876 1.72 57.62 42.38

Source: Calculated from Census of India, 2001

As already explained above, Census 2001 counted data for
mental disability only. However, Census 2011 collected
information related to two aspects of mental disability, mental
illness and mental retardation. According to Census 2001, as
shown in Table 5, there were 10.33% mentally challenged
people out of total PWDs. Gender composition shows that
60% were males, and 40% were females; the lowest gender
gap can be seen in the case of STs. Also, there is not much
variability in gender gaps across rural and urban regions.
Regional composition shows that 70% of persons with a mental
disability reside in rural areas, whereas 30% in the urban areas.
It is also important to highlight that demographic composition
of mental disability has only slightly changed if we combine
data on mental illness and mental retardation counted by 2011
Census and compare it to mental disability data counted by
Census 2001. Lancet Psychiatry (2020) reported that “there
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is poor coverage of mental health services, lack of awareness,
and the stigma attached to mental disorders in the Country.
There is a need to invest heavily in mental health services to
facilitate prevention where possible and to provide affordable
treatment, care, and rehabilitation, as well as to attempt an
integration of mental and physical health services” (p. 158).

Table 6. Prevalence of “Mental Illness” across Gender,
Location and Social Groups in 2011

Mental Disability M ental Disability (%)
Persons Males Females Persons Males Females

Total 722880 415758 307122 2.70 57.51 42.49
SC 117334 67810 49524 16.23 57.79 42.21
ST 56316 30002 26314 7.79 53.27 46.73
Rural

Total 495880 283458 212422  68.60 57.16 42.84
SC 89332 51217 38115 18.01 57.33 42.67
ST 50961 26991 23970 10.28 52.96 47.04
Urban

Total 227000 132300 94700 31.40 58.28 41.72
SC 28002 16593 11409 12.34 59.26 40.74
ST 5355 3011 2344 2.36 56.23 43.77

Source: Calculated from Census of India, 2011

Table 7. Prevalence of “Mental Retardation” across Gender,
Location and Social Groups in 2011

Mental Disability Mental Disability (%)
Persons Males Females Persons Males Females
Total 1505964 870898 635066  5.62 57.83 42.17
SE 251968 145849 106119 16.73 57.88 42.12
ST 105230 56842 48388 6.99 54.02 45.98

Rural
Total 1025900 591598 434302 68.12 57.67 42.33
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SC 193003 111531 81472 18.81 57.79 42.21
ST 94248 50749 43499 9.19 53.85 46.15
Urban

Total 480064 279300 200764  31.88 58.18 41.82
SE 58965 34318 24647 12.28 58.20 41.80
ST 10982 6093 4889 2.29 55.48 44.52

Source: Calculated from Census of India, 2011

Table 6 and 7 provides an absolute number of individuals with
mental illness and mental retardation across genders, regions
and social groups as counted by Census 2011. If we observe
both the tables, we find that the number of persons with
mental illness (2.70%) is lower than that of mental retardation
(5.62%), after combining, it is around 9%. Gender composition
of both is almost the same for the general population and SCs.
However, the higher gender gap is perceptible across all three
social groups. The regional composition of both the disability
group is also almost similar.

Table 8. Share of Mental Disabled in the State’s Total Disabled
Population, Census 2001 and 2011

Census 2001 Census 2011

Males Females Persons Males Females

States

Jammu & 8.22 8.75 7.53 8.97 9.08 8.82
Kashmir

Himachal 11.10 11.68 10.31 9.11 9.66 8.42
Pradesh

Punjab 15.03 16.14 13.40 10.24 10.78 9.50

Chandigarh 11.58 11.45 11.78 12.48 12.90 11.86
Uttarakhand ~ 10.21 10.97 9.16 9.66 10.59 8.49

Haryana 10.90 11.94 9.32 8.47 9.37 7.23
NCT of Delhi  11.04 11.43 10.43 11.23 12.05 10.06
Rajasthan 7.72 8.36 6.78 7.83 9.17 6.24
Uttar Pradesh  8.30 9.05 7.16 6.20 6.89 5.30
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Bihar 8.76 9.50 7.65 5.44 5.97 4.71
Sikkim 3.92 3.76 4.13 5.66 5.41 5.95
Arunachal 3.79 3.05 5.25 7.09 6.87 7.33
Pradesh

Nagaland 9.92 10.16 9.63 7.58 7.51 7.65
Manipur 16.64 17.26 15.91 10.77 11.12 10.36
Mizoram 17.81 16.51 19.37 17.38 17.31 17.47
Tripura 11.30 10.97 11.74 11.21 11.11 11.35
Meghalaya 11.10 11.15 11.03 10.54 10.33 10.78
Assam 8.95 9.30 8.51 9.41 9.90 8.85

West Bengal  14.66 14.78 14.51 10.31 10.38 10.22
Jharkhand 12.47 12.87 11.90 7.48 7.81 7.08

Odisha 10.14 10.26 10.00 9.26 9.37 9.13
Chhattisgarh  10.39 10.24 10.57 8.64 8.52 8.78
Madhya 8.18 8.61 7.58 7.56 7.91 7.08
Pradesh

Gujarat 9.87 10.52 8.99 9.93 10.48 9.21
Daman & 8.64 8.15 9.27 12.07 11.69 12.61
Diu

Dadra & 6.79 6.74 6.86 8.96 8.72 9.28
Nagar Haveli

Maharashtra  13.59 13.19 14.18 7.39 7.29 7.52
Andhra 11.37 11.21 11.58 7.75 7.56 7.96
Pradesh

Karnataka 9.85 9.58 10.20 8.68 8.30 9.13
Goa 22.72 22.31 23.25 10.58 10.81 10.33
Lakshadweep 12.87 10.99 15.06 12.88 13.01 12.74
Kerala 16.46 16.36 16.57 17.41 17.59 17.21
Tamil Nadu  7.76 9.16 6.47 11.34 11.19 11.53
Puducherry 8.84 8.76 8.94 10.56 10.60 10.52
Andaman 9.48 8.52 10.91 9.88 8.37 11.97
& Nicobar

Islands

Source: Calculated from Census of India, 2001 and 2011
Note 3: Mental Disability in 2011 has been calculated by combining

Mental Illness and Mental Retardation
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Census 2001 shows that Goa observed the highest proportion
of persons with a mental disability, as presented in Table
8. It was followed by Mizoram, Manipur, Kerala, Punjab,
West Bengal and Maharashtra. The lowest mental disability
was observed in the states of Arunachal Pradesh, Sikkim,
Rajasthan, Tamil Nadu and Madhya Pradesh. It is also
important to note that in some of the north-eastern states, there
is a very high level of disability, whereas in some very less
and are among the lowest. In 2011, Kerala had the maximum
prevalence of mental disability; it was followed by Mizoram,
Chandigarh, Tamil Nadu and Delhi. The lowest incidence of
mental disability was observed in Bihar, followed by Sikkim,
Uttar Pradesh and Maharashtra.

Table 9: Share of Mental Retardation and Mental illness in the
State’s Total Disabled Population, Census 2011

Mental Retardation 2011 Mental Illness 2011

Persons Males Females Persons Males Females

States

Jammu & 4.63 4.78 4.43 4.34 4.30 4.39
Kashmir

Himachal 5.79 6.15 5.33 3.33 3.51 3.10
Pradesh

Punjab 6.89 7.20 6.46 3.35 3.58 3.04
Chandigarh ~ 7.37 7.81 6.72 5.11 5.09 5.14
Uttarakhand  6.18 6.76 5.45 3.48 3.83 3.04
Haryana 5.50 6.11 4.68 2.96 3.26 2.55
NCT of Delhi  6.96 7.50 6.17 4.28 4.55 3.89
Rajasthan 5.20 6.19 4.03 2.63 2.97 2.21
Uttar Pradesh 4.36 4.82 3.76 1.84 2.08 1.53
Bihar 3.83 4.12 3.43 1.61 1.85 1.28
Sikkim 2.84 2.80 2.88 2.82 2.61 3.07
Arunachal 4.73 4.46 5.04 2.36 2.41 2.30
Pradesh

Nagaland 4.22 4.12 4.33 3.36 3.39 3.32
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Manipur 8.28 8.42 8.11 2.49 2.70 2.25
Mizoram 10.46 10.28 10.66 6.93 7.03 6.81
Tripura 6.69 6.65 6.75 4.52 4.46 4.59
Meghalaya 5.26 5.29 5.23 5.28 5.03 5.55
Assam 5.49 5.78 5.17 3.92 4.13 3.68
West Bengal  6.77 6.77 6.77 3.54 3.61 3.46
Jharkhand 4.86 5.06 4.62 2.62 2.75 2.46
Odisha 5.82 5.98 5.63 3.44 3.40 3.50
Chhattisgarh  5.31 5.26 5.37 3.33 3.26 342
Madhya 5.01 5.24 4.71 2.55 2.67 2.37
Pradesh

Gujarat 6.08 6.41 5.65 3.85 4.07 3.56
Daman & 8.01 7.54 8.71 4.05 4.15 3.91
Diu

Dadra & 5.46 5.02 6.07 3.49 3.70 3.21
Nagar Haveli

Mabharashtra ~ 5.41 5.34 5.49 1.98 1.94 2.03
Andhra 5.84 5.74 5.96 1.90 1.82 2.00
Pradesh

Karnataka 7.10 6.81 7.44 1.58 1.49 1.69
Goa 5.50 5.67 5.33 5.07 5.14 5.00
Lakshadweep 6.93 8.95 4.76 5.94 4.06 7.98
Kerala 8.63 9.02 8.20 8.78 8.57 9.01
Tamil Nadu  8.55 8.50 8.61 2.79 2.69 2.92
Puducherry 7.73 7.85 7.60 2.83 2.75 2.92
Andaman 4.41 4.14 4.79 5.47 4.22 7.18
& Nicobar

Islands

Source: Calculated from Census of India, 2001 and 2011

Table 9 shows prevalence rates of mental retardation and
mental illness across genders and regions in 2011. Mizoram
has the highest numbers of mentally retarded people. Southern
states, Kerala, Tamil Nadu, Puducherry and Karnataka, have
a comparatively higher proportion of persons with mental
retardation than the other states. Bihar, Uttar Pradesh,
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Nagaland and Sikkim have the least numbers of mentally
retarded persons. Finally, an absolute number of persons
with mental retardation is higher than that of mental illness.
Data on mental illness in 2011 suggests that Kerala has the
maximum proportion of persons with mental illness, it was
followed by most of the smaller states and union territories,
Mizoram, Lakshadweep, Andaman and Nicobar, Meghalaya,
Chandigarh, Goa and Tripura. Southern states have a lower
proportion of persons with mental illness. Karnataka has the
least percentage of persons with mental illness out of total
PWDs of the state. It was followed by Bihar, Uttar Pradesh,
Andhra Pradesh and Maharashtra.

Table 10 presents the percentage of persons with a broad type
of disability for each State/UT, as per the NSS 76th round
of data on disability. It is evident that the highest number of
individuals suffered from locomotor disability, which is the
most commonly visible form of disability in both the Census
and NSS. The states of Punjab, Andhra Pradesh, Kerala,
Haryana, Odisha, Uttar Pradesh, Maharashtra, Karnataka,
and Rajasthan have the highest prevalence of locomotor
disability, with rates ranging from 2 per cent to 1.4 per cent in
descending order. In contrast, the lowest prevalence rates of
disability are observed in most of the north-eastern states and
union territories. The next highest proportion of persons have
hearing disabilities. Andhra Pradesh, Arunachal Pradesh,
Assam, Bihar, Chhattisgarh, and Delhi have the highest
proportion of persons with hearing disabilities. Most of the
southern states fall in the middle range. In the case of visual
disabilities, Andhra Pradesh, Arunachal Pradesh, Assam,
Bihar, Chhattisgarh, and Delhi top the list. Interestingly,
these figures are very similar to those of persons with hearing
disabilities. Among the bigger states, Uttar Pradesh and West
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Bengal have the least number of individuals with visual
disabilities (Roy, 2021).

With respect to speech disabilities, Sikkim reports the highest
share, followed by Andhra Pradesh, Arunachal Pradesh,
Jharkhand, Kerala, Mizoram, Odisha and West Bengal,
each of which records an incidence of about 0.30 per cent.
The prevalence of mental retardation is nearly double that
of mental illness. For mental retardation, roughly half of the
states show a rate of 0.20 per cent, while most of the remaining
states fall around 0.10 per cent; Kerala again stands out with
a higher estimate of 0.30 per cent. By contrast, the incidence
of mental illness ranges between 0 and 0.20 per cent across
all states, except Kerala, which records a noticeably higher
estimate of 0.40 per cent. This elevated figure may reflect
more comprehensive identification and reporting mechanisms
within the state.

The NSS included the category of “other disabilities” for
the first time, capturing conditions that do not fall under
the standard disability classifications. Approximately 0.10
per cent of respondents were recorded in this group. This
residual category largely comprises chronic neurological
and haematological conditions such as multiple sclerosis,
Parkinson’s disease, thalassemia, and sickle-cell disorders.
Arunachal Pradesh and Kerala report the highest incidence,
around 0.20 per cent, while relatively large states such as
Andhra Pradesh, Gujarat, Maharashtra, Tamil Nadu and West
Bengal follow with slightly lower shares. For most states, the
estimated prevalence rounds to zero per cent; however, this
often reflects rounding conventions rather than an absolute
absence of cases, since the underlying sample counts may still
be greater than zero.
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Distribution of Incidence of Disability across
Districts of India in 2011:

Evidence from GIS Mapping

This section illustrates disability prevalence across diverse
regions of India with the help of Geographical Information
System (GIS Mapping). The study makes use of district-level
Census data of 2011. The district-level analysis is undertaken
for different types of PWD categories mentioned in the Census
of India.

Figure 1. Prevalence of Mental Retardation across Districts of
India in 2011

Source: Census of India 2011

Mental retardation is more prevalent in states that perform
better on socioeconomic indicators. As shown in Figure 1,
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Punjab, Kerala, and Tamil Nadu have the highest levels of
retardation, followed by eastern Gujarat. Moderate levels
of mental retardation are seen in southern Andhra Pradesh,
Karnataka, and some parts of Maharashtra. Tripura and
Mizoram, among the north-eastern states, have recorded
higher prevalence.

Reporting and identification of mental retardation seem to
be more reliable and comprehensive in the southern states.
Lancet Psychiatry (2020) found that different types of mental
disability are adversely affecting South Indian states more
than their north Indian counterparts. The study attributes
this pattern partly to rising levels of urbanisation and
modernisation in the southern states, which may contribute to
a higher prevalence or at least better detection of conditions
such as anxiety disorders and depression.

Figure 2. Prevalence of Mental Illness across Districts of
India in 2011

Source: Census of India 2011
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Figure 2 depicts the district-wise distribution of mental illness
across India in 2011. The highest prevalence is observed in
western Gujarat and Kerala, with Meghalaya and Mizoram
also registering elevated rates. Several districts in Assam and
parts of Arunachal Pradesh similarly show higher incidence.
In contrast, Punjab, West Bengal, and Jharkhand exhibit
relatively moderate levels of mental illness.

6. Socio-Economicand Demogr aphic Correlatesof
Disability Prevalencein India: A Cross-Sectional
Study using 2011 Census

6.1. Analytical Framework: Disability Prevalence and its
Socio-economic and Demographic Correlates

Disability cannot be understood solely through a medical
lens or a social lens; rather, it emerges from the interaction
between the two. The medical model attributes disability
primarily to disease, impairment, or other health-related
conditions, treating it as an issue rooted in the individual’s
body. In contrast, the social model emphasises that societal
attitudes, institutional barriers, and environmental constraints
play a central role in disabling individuals. Negative family
perceptions, community stigma, and broader social conditions
can convert an impairment into a disabling experience.
Reflecting this perspective, the United Nations (1982)
identified a wide range of contributing factors, including
conflict, natural calamities, accidents, poverty, inadequate
resources, poor living environments, and psychosocial
stresses. Disabilities may be congenital or may develop at any
point during an individual’s life.

Lack of access to health services is a significant cause of
disability (WHO 2001). Lack of immunisation, antenatal care
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and malnutrition are strong variables that affect disability
prevalence in rural India. Maulik and Darmstadt (2007)
suggested that malnutrition leads to disability in developing
countries. Further, physical and mental impairments are
compounded by poor educational and employment outcomes.
Coppin et al. (2006) found that a higher prevalence of
disability is associated with decreasing socio-economic
status. There are important studies which suggest that socio-
economic inequalities and incidence of disability are correlates
(Braithwaite and Mont 2009; Yeo and Moore 2003). Persons
with disabilities tend to suffer from a physical, mental and
sensory impairment; hence, these people systematically get
excluded from the development narrative (Appunni and
Deshpande 2009; Meyer and Mok 2019).

Further, it is also well recognised that there is a significant
association between ageing and disability. Kulkarni et al.
(2019) also found that disability has risen among the elderly
population of India. Mishra and Mohanty (2017) examined
that hearing and intellectual disability are positively linked
to increasing age. World Bank (2009) reported that both
locomotor and speech disabilities are more concentrated in
younger ages; however, the second wave is also noticeable
around 60 years of age. Mental disability is more pronounced
in childhood. While visual disabilities are also more associated
with ageing. Besides, hearing disabilities exhibit a more
pronounced dual peak, during childhood and in the old age.

Besides, the transaction costs of benefitting from social welfare
programmes are much higher for the PWDs. Consequent
upon the disability, these people require higher spending
to maintain themselves on a daily basis. Disability leads to
increased dependency and health spending at households
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(Gannon and Nolan 2004; WHO 2001). The NSS (2018) data
also shows that only about 22% of the PWDs received aid/
help from the government. The budget analysis shows that
India spends only a tiny amount of its GDP in the disability
sector. The central government allocated only 0.04% of the
total expenditure, which is grossly inadequate to meet several
demands of the disabled in the financial year of 2019-20. It is
worrisome that this amount has remained stagnant for the last
few years.

Medical determinants of disability are well recognised and
scientifically validated. Deficiencies of nutrition or certain
minerals and vitamins can significantly increase the incidence
of disability. For instance, visual disability is affected by
Vitamin A deficiencies or mental disability is caused by
Iodine deficiency. Proper vaccination can also significantly
reduce disability. For example, Polio vaccination in India has
considerably reduced movement disability. Besides, particular
medical conditions are associated with an increasing level of
disabilities. For instance, diabetes, along with obesity and
cardiovascular disease is significantly associated with a rising
prevalence of disability (Tabesh et al. 2018).

In the Indian context, the socio-economic and demographic
determinants of disability remain comparatively less explored.
The social model emphasises that disability is shaped not
only by medical conditions but also by societal attitudes
and structural barriers. As disability is now recognised as a
key development concern, examining how social, economic,
and demographic characteristics influence its prevalence has
become essential. This paper therefore focuses on assessing
the role of these factors in shaping disability patterns across
the country. It should also be highlighted that the 2011 Census
adopts a relatively narrow, medically oriented definition of
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disability, which introduces certain constraints and limitations
in identifying these broader correlates (Roy, 2020).

6.2. Specification of the Mental Disability
Deter minant M odel

Cross-sectional regression analysis was carried out to identify
and estimate the association between prevalence of mental
disability and socio-economic-demographic characteristics
at the district level in 2011. The data was collected for all
the 640 districts and 35 states and union territories. The study
performed multiple linear regression in STATAMP 14.0
statistical software. The dependent and independent variables
of the regression equation are explained below :

Mental Disability =0+ p1SC+ 2 ST+ 3 Female Literacy
+ f4 Urban Population + B5Workers + 6 Housing + 7
Water + 8 Dwelling Rooms + 9 Clean Fuel + 10 Banking
+ p11 Toilets + 12 Female + 13 Elderly + 14 Children
+ Ei

Where,

Mental Disability = Proportion of individuals with mental
disabilities across districts

SC =Proportion of the population belonging to Scheduled Castes

ST = Proportion of the population belonging to Scheduled
Tribes

Female Literacy = Proportion of literate females in the
population

Urban Population = Proportion of the population residing in
urban areas
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Workers = Proportion of the population classified as main
workers

Housing = Proportion of households living in dilapidated
buildings

Water = Proportion of the population with access to safe
drinking water

Dwelling Rooms = Proportion of households with two or
more dwelling rooms

Clean Fuel = Proportion of households using clean fuel for
cooking

Banking = Proportion of households with access to banking
services

Toilets = Proportion of households lacking toilet facilities
within premises

Females = Proportion of the population who are female
Elderly = Proportion of persons aged 60 years and above.

Table 11 summarises the factors associated with mental
disability across districts in 2011. The results indicate that
labour force participation plays a protective role: an increase
in the share of main workers is significantly linked to lower
prevalence of mental disability. Higher female literacy is also
associated with reduced incidence. In contrast, districts with
greater levels of urbanisation tend to exhibit higher rates of
mental disability, suggesting that urban environments and
lifestyle changes may contribute to a greater burden of mental
health conditions (Roy, 2020).
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The proportion of individuals belonging to SC and ST
communities does not exhibit a significant relationship with
mental disability, reflecting their comparatively lower reported
prevalence. With respect to household living conditions, the
shares of households with two or more rooms, those using
clean cooking fuel, and those with access to banking services
also show no statistically significant association. By contrast,
districts with a higher concentration of households residing
in dilapidated structures display a positive and significant
relationship with mental disability prevalence. Access to safe
drinking water and the presence of toilet facilities within
household premises are both negatively and significantly
associated with mental disability, underscoring the importance
of basic amenities.

Among demographic factors, the proportions of females
and of older adults (aged 60 and above) are positively and
significantly related to mental disability at the 1 per cent
level. Notably, the mental disability model yields the highest
explanatory power among the disability types assessed, with
an R-squared value of 0.51, indicating that the included
variables account for approximately 51 per cent of the
variation in prevalence across districts.

7. Conclusion and Policy Implications

This study provided a comprehensive district-level assessment
and spatial mapping of mental disability in India using data
from the 2001 and 2011 Censuses as well as estimates from
the National Sample Survey (2002 and 2018). As can be seen
in the analysis, differences between states, districts, gender,
and rural-urban settings are quite pronounced in terms of
the incidence and occurrence of mental disability, which
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consists of mental illness and mental retardation. Some of
the socioeconomically advanced states, such as Tamil Nadu,
Kerala and Punjab, have a higher reported rate, which shows
that better reporting systems, awareness and diagnostic ability
may influence prevalence rates. Underreporting, on the other
hand, is still a challenge in most places, especially among
women. This is due to structural lapses in health and social
care and internalised sociocultural stigma.

The findings of the regression show a strong correlation
between prevalence rates and socioeconomic and demographic
factors, specifically urbanization, the proportion of the elderly
population, housing quality, access to safe drinking water, and
labor force participation. The results are in line with the social
model of disability and provide support for a multifaceted
understanding of disability that is influenced by both social
and medical determinants. Significant spatial heterogeneity
is further highlighted by GIS-based mapping, which also
identifies high-prevalence clusters that call for focused
policy interventions. Accordingly, mental retardation is more
common in states with comparatively higher socioeconomic
indicators, especially in southern states like Tamil Nadu and
Kerala, as well as in portions of Punjab and Gujarat, according
to geospatial mapping.

The paper lays emphasis on the necessity of holistic and
integrated measures that include early diagnosis, affordable
health care, equitable education and rehabilitation in the
community. The policy measures must tackle inequality
between genders, rural healthcare infrastructure, and the
reliability of disability information collection towards
evidence-based planning. Addressing gender disparities,
enhancing rural healthcare infrastructure, and ensuring robust
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disability data collection for evidence-based planning are all
important policy responses. As India is still in its process of
demographic and epidemiological changes, there is a strong
need to adopt a proactive attitude towards mental disability to
protect the rights and dignity of the affected group of people,
besides ensuring that the country can develop inclusively to
realise the vision of “Viksit Bharat 2047 and Sustainable
Development Goals (SDGs).
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Appendix

1. Definition of Variables Used in the Regression Model

After examining the available literature on the subject related
to health and disability in India, the selected district
level contextual explanatory variables are listed below.
Also, the justification of many of these variables is self-
explanatory.

Outcome Variable (Mental Disability)

1. Persons with Mental Disability (Mental Retardation +
Mental Illness Clubbed)

Explanatory Variables

2. Proportion of persons in the age-group of 60 years &
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10.

I1.

above. Elderly population tend to suffer from higher
illness and bodily impairments.

The proportion of the population who are females.

The proportion of females literacy. Higher educational
standards should lead to a reduction in the burden of
disability.

The proportion of the population who are members of
scheduled castes.

The proportion of the population belonging to scheduled
tribe communities. The Indian constitution recognises the
facts that SCs and STs are disadvantaged communities.
Also, these groups have poor health outcomes than the
general population.

The Census of India does not have data related to income
or expenditure of these population groups. Hence, a
few alternative variables were used as proxies for these
indicators used in the present study.

The proportion of the population who are main workers
(working for six months or more concerning the reference
period). Economic mobility should lead to a lower burden
of disability.
The proportion of the population who resided in the
urban areas.

The proportion of the population having access to safe
drinking water (i.e., Tap water from treated sources+Hand
Pump+Tube Well).

The proportion of the households who were living in a
dilapidated building.

The proportion of households who did not have access
to latrine facilities within the premises. Lack of toilet
facilities may cause illness and disease.
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12.

13.

14.

The proportion of households who used clean fuel
for cooking (arrived at by adding Kerosene+LPG/
PNG+Electricity+Biogas). Unavailability of clean
fuel for cooking is often linked to the higher burden of
disabilities.

The proportion of households with two or more dwelling
rooms.

The proportion of households accessing banking services.
Improvement in banking facilities and financial inclusion
are associated with better access to finance when in need
as well as access to various government welfare schemes.

Note 5: Data for all the variables included in the model is

obtained from the Census of India, 2011
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