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Welcome to the latest edition of Zechnikon, the official magazine of Shankara Group of
Institutions. This journal serves as a platform for student-led innovation that catches the eye of both
academicians and professionals. At Shankara, we are committed to nurturing talent, igniting
curiosity, and empowering our students to reach new heights. Technikon is more than just a
magazine; it's a testament to the passion, dedication, and creativity that flows through the halls of our
institutions. From groundbreaking research projects to inspiring student-led initiatives, this
magazine captures the essence of our collective journey towards excellence.

In this issue, we celebrate the remarkable innovations, ideas, and accomplishments that define
our vibrant technical community. We look beyond the results of scientific process and focus on the
process of discovery. The gap between a theoretical model and a functional prototype is bridged by
engineering institutions and persistence of those work to breathe life into these theoretical model. The
focus of this edition is thus on the "Applied"” in Applied Sciences. This is not just a record of what we
have learned in the classroom, but a journal of how we have applied that knowledge to solve real-
world complexities.

As technology continues to evolve and reshape the world around us, we stand at the forefront
of that change, equipped with knowledge, skill, and the ambition to make a lasting impact. In this
issue, you will find stories that showcase the immense potential within our community — from the
development of innovative solutions in engineering and design to the strides we're making in
sustainability and digital transformation.

We hope that Technikon serves as a source of inspiration for all readers, encouraging us to
push boundaries, explore new frontiers, and continue our pursuit of knowledge with passion and
purpose.

I express my sincerest gratitude to all the authors and editors of the articles in this edition. Not
only have the contributors invested their time and efforts, but they have also demonstrated a
willingness to share their knowledge, their concerns, and their unique insights with the readers of this
journal, for which me and the Shankara family are eternally grateful.

Thank you for making our endeavour a shared reality. We hope these pages serve as a catalyst for
future research and a testament to the high academic standards of Shankara Group of Institutions.
\—:ﬁ:"@
With best wishes
Dr.Sant Kumar Chaudhary
President

S.K.Chaudhary Educational Trust's
Shankara Group of Institutions




TECHNIKON

Editorial Board

1. Dr. Jyoti Purohit Editor
2. Dr. Rahul Chaudhary Member
3. Prof. S.N Kutty Member
4. Dr. Ranbir Rathee Member
5. Dr. Ashutosh Mishra Member
6. Dr. Sunita Joshi Member
7. Dr. Amar Singh Member
8. Dr. Ajaya Kumar Member
9. Mr. Naveen Sharma Member
10. Mr. Sikander Khan Member
11.  Mr Rajesh Kanwadia Member
12. Ms. Shweta Aggarwal Member
13.  Mr. Navin Kumar Member

14. Ms. Shivangi Chaudhary Member




o

e

' SHANKARA

GROUP OF INSTITUTIONS

Dear Esteemed Readers,

Welcome to this edition of our Technikon, where innovation, collaboration, and excellence
take center stage. As we continue to shape the minds of tomorrow's leaders, engineers, designers,
and technologists, this publication serves as a reflection of our collective journey — a journey fueled
by knowledge, creativity, and a shared passion for making an impact.

In these pages, you will find stories of breakthroughs, achievements, and the everyday
brilliance that define our campus. From the latest advancements in technology to inspiring student
projects, this magazine highlights the extraordinary efforts of our community members who are
pushing boundaries and setting new standards in the world of technical education.

This issue is not just a collection of articles; it is a celebration of the spirit of curiosity and
innovation that thrives here. Whether you're exploring the fascinating world of Al, diving into
sustainable engineering practices, or delving into cutting-edge research, we hope that these stories
spark your imagination and fuel your ambitions.

As we move forward into the future, let us remember that the pursuit of knowledge is never
complete. It is through collaboration, perseverance, and a commitment to lifelong learning that we
will continue to overcome challenges, seize opportunities, and pave the way for a brighter
tomorrow.

Thank you for being part of this vibrant community. Happy reading and stay inspired!

Sincerely,
Dr. Jyoti Purohit
Editor
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BUSINESS STARTUPS FOR YOUNG PEOPLE

FROM RURAL AREAS:

EXPERIENCE FROM EUROPEAN UNION

Jan Zukovskis, Agné Petuchova
Director, Agriculture Academy,
VYTAUTAS MAGNUS UNIVERSITY, Lithuvania

Introduction

People living in rural areas face specific social
and economic problems, such as lower employment
rates, low earned income, etc. (De Guzman et al, 2020).
Many young people tend to migrate from rural areas to
larger cities in order to secure full employment for
themselves (Adeyanju et al, 2021). This work have an
idea to answer the fundamental problematic questions
related to the promotion of entrepreneurship among
young people living in rural areas: what are the main
entrepreneurial abilities and competencies of young
people living in rural areas that must be developed in
order to encourage their entrepreneurship? How should
entrepreneurship education of young people living in rural
areas take place? What innovative solutions can be
applied in order to develop and promote entrepreneurship
among young people living in rural areas? What is the
experience of Lithuania for teaching young students
business entrepreneurship (Startup's)?

Research object: entrepreneurship of young people
livingin rural areas.

The purpose of the research: to explain and to share
the experience for teaching business startups for young
people from rural areas.

Tasks:

1. Investigate the problem of promoting
entrepreneurship among young people living in rural
areas and possible solutions;

2. Theoretically base the assumptions of
entrepreneurial skills formation;

3. To present practical model and share the experience
of teaching young people of Business Startup's.

Research methods: analysis and synthesis of scientific
literature, interviews, quantitative survey.

Teoretical background

In today's society, it is recognized that Europe's
ability to compete successfully in the global world market
and to promote its economic growth depends very much
on its level of entrepreneurship. For this reason, more and
more attention is being paid to entrepreneurship
education as one of the most important means to promote
the advanced, sustainable and inclusive growth of the
whole of Europe (Motiené, Burneikieng, 2020). Especially
in this context, the relevance of entrepreneurship
education of young people living in rural areas becomes
evident, since insufficient employment of this social group
can be considered one of the most important modern
economic and social problems (De Guzman et al, 2020).

Young people, i.e. persons aged 15 to 29 face
specific problems that prevent them from fully integrating
into the labor market and cause other negative
consequences (Rusu et al, 2022). As Maroziené (2019)
emphasizes, nowadays it is very difficult for young people
to find a long-term and well-paid job. This age group often
works for less than average wages, is employed on
temporary contracts, in unskilled work or in work that is not
related to the education they have. Brzinsky-Fay (2017)
points out that it is especially important for young people
to ensure their material security, integration into society
and realize their available knowledge and abilities.
However, due to insufficient employment, young people
cannot meet these needs, they face not only material but
also social problems. All this negatively affects the
emotional and psychological state of young people, and
has a negative impact on their health. According to
Lambovska et al (2021), addressing the problem of youth
employment is particularly important now that the world is
facing a pandemic caused by the Covid-19 virus. Due to
this pandemic, the social, economic and other negative
effects have been felt by many people, but the problems of
the youth have only been exacerbated by this crisis.

The problems of youth unemployment and
underemployment are relevant both in Lithuania and the




European Union (find Table 1).

Table 1. Youth (15-29) employment rate (percent) in the
EU and Lithuania (compiled using Eurostat data, 2023)

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2022
EU (27) 30,4 | 31,1 | 32,1 | 32,9 | 33,5 | 31,5 | 31,1

Lithuania | 28,3 | 30,2 | 30,4 | 324 | 32,9 | 294 | 28,9

Both in Lithuania and the European Union, only
one third of young people (15-29 years old) are
considered employed. In the European Union (judging the
average of all countries), the youth employment rate is
slightly higher than in Lithuania. It can also be noted that
the youth employment rate in 2015-2019 both in Lithuania
and the European Union average scale was consistently
increasing, but in 2020 a decrease in this indicator is
recorded, this can be attributed to the consequences of
the global Covid-19 pandemic.

Youth employment in urban and rural areas is
depicted. Figure 1 It can be noted that in rural areas in
Lithuania, 15-29 year old. the youth employment rate is
lower than in the city. However, these trends are
characteristic not only of Lithuania, but also of many other
countries.

g iri stk a i = = i ar
Fig. 1. Dynamics of employment level (percent) in

cities and rural areas of Lithuania 2012-2021
(compiled using data from the Department of Statistics, 2022)

The situation of promoting entrepreneurship among
young people living in rural areas

Entrepreneurship does not develop by itself, it is
determined by certain factors. According to SereiCikaite,
entrepreneurship is influenced by many external factors
(political, economic, social, technological, cultural
environment), as well as internal factors of the person
himself (personal characteristics, available knowledge,
abilities and competences). Maroziené (2019),
Chowdhury et al (2019), O'Higgins (2017) note that the
following factors inhibit youth entrepreneurship:

1. Cultural and social views of individuals. Some
individuals are not inclined to become entrepreneurs
because of their personal beliefs or attitudes. Many young
people lack inner determination and self-confidence, and
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it is precisely these circumstances that lead to the fact
that, in many cases, the idea of owning a business is
abandoned (O'Higgins, 2017).

2. Too little state attention to entrepreneurship
education. Entrepreneurship education in the country can
be carried out already at an early school age, and then
continue in formal and non-formal education. As noted by
Chowdhury et al (2019), many of today's young people
lack information about the possibilities of starting a
business and its development. In addition, as Tajpour,
Hosseini (2019) points out, the education system is often
limited to teaching general economic laws, and young
people do not have sufficient knowledge and
competences on how to start and develop a business.
Therefore, in the education system, attention should be
paid not only to theoretical subjects, but also to practical
activities.

3. Lack of business start-up support and
adequate infrastructure. Young people often do not have
any savings that could become initial capital for starting a
business. In addition, it is much more difficult for them to
obtain external financing (for example, loans or credits),
since they not only have no credit history, but also assets
to pledge. The state must be interested in investing in
youth entrepreneurship, helping them establish
themselves in the market under favorable conditions
(Kolostaetal, 2018).

4. Inadequate business regulatory conditions.
The state must control business organizations, but it is
important not to create overly complicated business
establishment, operation, tax and other regulatory
mechanisms, as they will have a negative impact on the
promotion of entrepreneurship (De Guzman et al, 2020).

Examples from case studies

During the course "My first Start-Up“ participants
according to the methodology of the teacher, created their
business plans and budgets. This Business plan had
content: model ,Canvas®, expected incomes, mission,
vision, and trademark of their organization. They made
two plans: first - for the first month before business starts
and second - plan for activities for 3 years. Later they
created the structures for the organization and counted
salaries, amortization of main assets, expenses of
marketing, and the capital they needed to start the activity.
The last and most important part was to create a Budget
for their organization.

This task helps to understand entrepreneurship,
structures of organizations, and responsibilities, they get
a systematic point of view for business activities.
Participants are getting a better understanding of
accounting, marketing, and budgeting. They work in
teams and get a better experience of teamwork. They
renew their skills with MS Excel, and PowerPoint and get
better skills with oral presentations. In most cases, they
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train the oral presentations in English. For non-English
speaking countries, itis especially important.

There were two succesful projects of such
courses. Firstwasin 2021 in Lithuania, VMU Academy of
Agriculture, Faculty of Bioeconomy Development,
Institute of Business and Rural Development Research
Prof. dr. Jan Zukovskis organized the summer school
course "My first Start-Up". This course was one of the
initiatives of the lecturers of the Faculty of Bioeconomy
Development, aiming to attract foreign partners to
cooperate and share the experience of organizing studies
in the field of business development.

The aim of the course was to acquaint students
with the methodology of preparing business plans and to
help them prepare their own business plan. The course
was taught remotely and was attended by 23 students
from various foreign Universities: two students from
“Nanjing Aeuronautics and Astronautics University”
(China), six students from “Shankara Group Institutions”
in India, three students from “Indonesian Islam
University”, two students - from Turkey (“Istanbul Audyn
University” and “Ozmangazi University in Eskesehir),
three students participated from the “Polissia National
University” in Ukraine. The largest number of participants
came from Polish universities: “Jagiellonian University” in
Krakéw (2 students), “Silesian University in Katowice” (4
students) and one student from WSB University (Higher
Banking Schools). Such a wide geography of participants
provided a great opportunity for them to make useful
acquaintances, share various ideas, communicate and
improve their presentation skills in English.

The first feedback from the students about the
course was very positive, their works were very practical
and are likely to have continuity in organizing real
business in the future. Notable projects: students from
Ukraine "Waffle cups for coffee", students from India
"Organic rice" and "Coconut water", Indonesians'
students "Organic coffee" and students from China
created electronic platform “Flow in Future” combining the
possibilities of games and virtual reality.

The course organizers are very grateful to the
representatives of foreign University partners for their
help in attracting students and participating in the final
presentation of the students projects. Special thanks are
sent to the Secretary of the International Cooperation
Division of “Nanjing Aeuronautics and Astronautics
University” (China), Mrs. Hana Xu, “Shankara Group
Institutions” (India) Dean Prof. Dr. SN Kutty, Head of the
International Bachelor's Program in Accounting Ayu
Chairina Laksmi from “Islamic University of Indonesia”,
lecturer at “Jagiellonian University” and VMU collaborator
dr. Janusz Sasak, as well as lecturers of "Czestochova
University of Technology”, VMU collaborator Dr. Paula
Pyplacz, Director of Human Resources Management
Study Programs from “Silesian University in

Katowice”(Poland), prof. Dorota Chudy-Hyski and the
lecturers of this program prof. Agata Hilarowicz, Dean of
the Faculty of Tourism in Osmangazi University Prof.
Yasar Sari (Turkey), lecturers at the Polissia National
University assoc. prof. dr. Maria Plotnikova and the Rector
of this University prof. Oleg Skydan and their other
helpers, who invited students to take part in international
jointsummer school course .

The second course continues at the 2022. It was
the similar aim of the course - to attract foreign partners to
cooperate and share the experience of organizing studies
in the field of business development. The course was to
familiarize students with the methodology of business
plan and budget preparation and to help them to prepare
their plan according to their own formulated business
idea.

Classes were held remotely. It was attended by
16 students from various foreign universities: seven
students from the Warsaw University of Life Sciences
(SGGW, Poland), four from the Polissia National
University (Ukraine), two from the University of Silesia in
Katowice (Poland), one each from the Czestochowa
University of Technology and WSB University from
Poland.

Such courses provide an excellent opportunity for
participants to make useful acquaintances, share various
ideas, communicate and improve their presentation skills
in English. The feedbacks from the students about the
course was positive, and their work was very practical and
likely to have continuity when organizing a "real" business
in the future.

The most interesting and advanced works should
be noted: Trade in organic agricultural products (by Marta
Zielinska), Production and trade of frozen products (by
Jakub Jurczak, Maciej Sobota), as well as, Production of
candles from soy (by Anita Bazyluk, Diana Dagbek). One
among the best works in terms of design was the project
Vegetarian and vegan restaurant (by Angelika Buchta,
Jakub Czyzewski). Two works were related to
psychological counsultations (Natalia Radomska, Michat
Celmer), including those who suffered from the war in
Ukraine (Olha Zaharchuk, Yaroslava Fischuk). Ukrainian
students Oleksandr Zarichnyi and Vladyslav Khrapko
prepared a presentation on “Trade of watches”, and
Oliwia Slusarczyk and Anna Strzelczyk presented a
project on the ecological information collection and
search system "Green coach”.

The organizers of the courses are grateful to the
representatives of foreign university partners for their help
in attracting students and participating in the final
presentation of the works. Special thanks goes to the
professors of Warsaw University of Life Sciences
(Poland): prof. Iwona Pomianek, prof. Joanna Rakowska
and prof. Dariusz Gozdowski, who sent the largest group
of course listeners. The organizers are very grateful for
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the Polissia National University (Ukraine), lecturer assoc.

Dr.

Mariia Plotnikova and the Rector of this University,

prof. Oleg Skydan, who invited students to participate in
these international summer school courses. Many thanks
to the professors of Czestochowa University of
Technology and WSB University (Poland) Dr. Paula
Pyplacz and to the Head of Human Resource
Management study programs from the University of
Silesia in Katowice (Poland) prof. Dorota Chudy-Hyski.
Both of them had sending their best students to this
course for the second year.

Conclusions and proposal
1.

In both Lithuania and the European Union, the
problem of insufficient employment of young people
(15-29 years) is relevant, which is particularly relevant
in rural areas. In rural areas, the economic and social
environmentis more complex thanin cities.

Newly registered economic entities are mostly
established in the counties of big Lithuanian cities.
Currently, the youth of Lithuania can take advantage
of both education and various consulting or specific
support measures for establishing a business.

However, it is to be criticized that the
entrepreneurship education services provided in rural
areas do not meet the learning needs of specific
individuals, are sufficiently general in nature, too little
attention is paid to the development of other
entrepreneurial competences, and the measures are
too little linked to specific business development
needs and situations.

In order to improve the promotion of entrepreneurship
among young people living in rural areas, it is
important not only to raise the awareness of young
people, but also to provide them with targeted
knowledge, to promote their practical participation in
different entrepreneurial activities, and to promote
their creativity.

Itis also important to ensure the cooperation of youth
organizations with institutions of formal education, to
actively disseminate information, to ensure financial
state support for starting a business, to legalize the
status of young entrepreneurs, to certify the activities
of youth organizations.

The course "My first Startup” helps to understand
entrepreneurship, structures of organizations, and
responsibilities, participants get systematic point of
view for business activities. They are getting a better
understanding of accounting, marketing, and
budgeting.

We offer to use the experience of Vytautas Magnus
University in organizing summer camps "My first
Startup" and let our young people get acquainted with
the experience of business organization and
business opportunities in the European Union.
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What is perfectionism?

Victoria Griva
Embassy of Russia in India

A diligent, conscientious and motivated child who tries to
be the best and get only the highest grades is every
parent's dream. But is everything as good as it seems at
firstglance?"

A student of a school who is prone to
perfectionism is a student who strives for perfection,
tries to be perfect and achieve the best result.

The term "perfectionism" comes from Latin, the
translation means "striving for perfection, perfection."
This concept originated in the 19th century among
Protestants, and was later developed by the philosophers
I. Kant, G. Leibniz, and F. Nietzsche. In psychiatry and
psychology, the problem of perfectionism was first raised
by K. Horney at the beginning of the 20th century. This
phenomenon is most common among teenagers and
young adults.

Some signs of perfectionism in school students
are: fixation on details and the desire to bring assignments
to perfection; emotional reaction to mistakes — tears,
irritation, guilt; avoidance of new tasks due to fear of
failure; repeated rewriting of assignments and refusal of
help; sensitivity to the assessment of others, acute
reaction to comments; tendency to self-criticism with
devaluation of their own achievements.

At the present stage, the following causes of
perfectionism can be identified:

- According to research by psychologists, the
greatest role is played by violations of child-parent
relations, strict rules, and parents' orientation towards
success and achievement to the detriment of desires and
freedom.

The data from longitudinal studies suggest that
parental rejection and authoritarian control in childhood
are the basis for a high level of self-criticism in
adolescents, as well as for depressive disorders in late
adolescence and adolescence. Thus, the basic
characteristics of perfectionism are laid down as a result
of adestructive parenting style.

Ve

Perfectionism is formed from the experience of
interacting with parents who do not show approval. Their
love is conditional, directly depends on the achievements
of the child. Growing up, such a person strives to become
perfect in order to accept himself (achievements and
superhuman efforts allow him to form an image of "Me").
Then the idea arises that only the perfect performance of
an activity makes it valuable to others. To achieve
perfection, they use compensatory behavioral strategies.
One of them is a thorough recheck of the results, long
reflection before making a decision. The other is the
persistent avoidance of situations that require effort. The
patient refuses to start a business because he is sure that
he will not achieve the ideal result. This strategy is called
"activity paralysis."

« The modern education system, which involves
comparing students with each other, school tests,
ratings and performance measurements — all this
creates ideal conditions for the development of
perfectionism among students. They begin to believe
that their value as a person depends on success in all
areas of life. Young people are always trying to
surpass their peers in order to demonstrate their
importance. They are trying their best to win, but not
without a trace to their health.

» Social media also plays a major role in shaping
perfectionism today. Every day in social media feeds
we see perfect selfies, stories about very productive
days and bloggers improving every minute. This
makes teenagers compare themselves, for example,
with Instagram users and feel inadequate at their
level, because they feel that they are not so
successful and beautiful. Comparing one's own life
with what is happening on social media always affects
the psychological state of a teenager.

Classification

There are two types of perfectionism models in
psychology. The one-dimensional model is considered
obsolete. She sees perfectionism as a person's desire to
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set excessively high demands. Multidimensional models
are widespread in the modern scientific environment.
Thus, the Canadian model includes three types of
perfectionism, each of which is more or less expressed in
the personality structure.:

1. *I am the addressee. It expresses itself in high
demands on oneself, constant self-assessment,
censorship of one's speech and behavior. The key
motive is personal aspiration, the desire for
perfection.

2. Socially prescribed. Represents the need to meet
other people's expectations, to receive their approval
and praise. This perfection is misclose to the excellent
student syndrome.

3. Addressed to other people. Represented by beliefs
and expectations about others. It manifests itself by
unrealistic standards for important people,
demanding perfection from them, and constantly
evaluating their successes.

4. *Addressed to the whole world. It is characterized by
the conviction that everything that happens in the
world must be correct, accurate, and accurate. Faith
in the timely solution of human problems, the victory
of justice.

The constant desire to do everything perfectly
leads to loneliness, inability to relax and have fun, and the
development of nervous disorders. Perfectionists try to
perform even small tasks perfectly, which leads to a lack
of time for rest. Relaxation, spontaneity, and fun are
difficult for them. They rarely find friends who meet their
high standards.

The most common consequences of long—term
perfectionism are a chronic feeling of emotional
discomfort, low productivity, and depression. Stress and
chronic exhaustion lead to deterioration of physical
health.

At this stage, perfectionism often becomes the
reason for contacting a psychologist.

The diagnosis includes three groups of methods:
conversation, questionnaires (the scale of child and
adolescent perfectionism (CAPS), the questionnaire of
adaptive/maladaptive perfectionism in children (AMPS)),
functional tests.

The most commonly used types of psychotherapy:

» Cognitive. The goals of this line of therapy are to
change the patient's self-image, eliminate

perfectionist automatic thoughts, and realize the
harmfulness of high standards. The techniques of
rational reasoning, situation analysis, and persuasion
are used. The patient begins to keep a diary in which
he notes destructive thoughts, evaluates their impact
on his life, and describes compromise solutions to
problems. **Behavioral. Behavioral therapy is aimed
at correcting perfectionist habits and behavioral
patterns. Training is conducted on the ability to
assess the situation as a whole, rather than in detail,
and strategies for coping with stress are mastered. In
order to change behavior, the client is encouraged to
gradually abandon the pursuit of perfection in
household matters. **Psychodynamic.
Psychoanalytic techniques are used to determine the
true prerequisites of perfectionism. The method of
free associations helps to understand the problems in
the relationship with father and mother, to understand
the relationship of upbringing with existing personal
qualities. Psychoanalytic therapy allows you to
assess problems from childhood, effectively resolve
them (stop identifying with your mother, get rid of the
need for approval).

Perfectionism lends itself well to
psychotherapeutic correction: the neurotic form
transforms into an adaptive one that promotes the
personal development of the client.

Primary prevention consists in the proper
upbringing of the child. Parents should refrain from
excessive demands, not compare their child's
achievements with the successes of other children, and
show love and care regardless of the results of their
actions. Psychologists recommend that adults with a
tendency to perfectionism learn how to prioritize, alternate
stress and rest, and appreciate their own uniqueness.
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Centre on Integrated Rural Development for Asia
and the Pacific (CIRDAP): Leading and Championing
in Integrated and Inclusive Approaches Towards

Rural Development

Dr. P. Chandra Shekhara
Director General
CIRDAP, Dhaka

As a pioneer Intergovernmental, Autonomous
and Regional organization, Centre on Integrated Rural
Development for Asia and the Pacific (CIRDAP)
established on July 6 back in 46 years ago with a vision
'to be a Centre of Excellence and multi-level platform for
cooperation in knowledge transfer and capacity building
for developing countries in integrated rural affairs for
sustainable development in Asia and the Pacific Region'.
15 Asia and Pacific countries namely Afghanistan,
Bangladesh, Fiji, India, Indonesia, IR Iran, Lao PDR,
Malaysia, Myanmar, Nepal, Pakistan, the Philippines, Sri
Lanka, Thailand, and Vietnam are members of CIRDAP

On July 6, 1979, the Asia-Pacific countries along
with other countries came in hands together to create an
organization which would promote Integrated Rural
Development (IRD) in the Asia-Pacific region through
regional cooperation amongst Member States, Link
Institutes and Development Partners. This organization
was established through an international agreement
lodged with the Food and Agriculture Organization (FAO)
of the United Nations.

Since its inception, CIRDAP seeks to improve the
quality of life of the far-reaching marginalized rural people,
the ultimate beneficiaries of CIRDAP are farmers and
rural communities. Headquartered at Chameli House,
Bangladesh, the organization fosters knowledge
exchange, policy support, and capacity building to
empower rural communities and drive sustainable
development across Asia-Pacific.

Y

World Rural Development Day declaration by the
United Nations General Assembly — Recognition is
Responsibility

A historic milestone was achieved on 6
September 2024, when the United Nations General
Assembly officially recognized 6 July, CIRDAP's
Foundation Day, as 'World Rural Development Day
(WRDD)'—a global acknowledgement of CIRDAP's
sustained contributions to rural development. The
recognition has been made the organization not only
proud but also focusing to fulfil the responsibilities in Rural
Development in Sustainable Development Goals — that
'leave no one behind'. Building on this landmark
recognition, 2025 became a year of renewed energy and
institutional consolidation, with structured initiatives and
widespread celebrations of WRDD. In addition to the
CIRDAP Secretariat, several Member Countries—most
notably Myanmar, Fiji, and India—observed the Day with
strong commitment and national-level engagement.
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Genesis

The idea of an organization which will deal with
the rural poverty and development challenges came into
mind during early 1970's within the discussions of the
Food and Agriculture Organization (FAO) of the United
Nations. A proposal amongst the government was crafted
and consulted for a Centre on Integrated Rural
Development (IRD) in Bangkok, Thailand, in March 1976.
The Director General (DG) of FAO called a Conference of
Plenipotentiaries to adopt the agreement to establish the
Centre. On July 29, 1978, this conference was held in
Kualalampur Malaysia and after two days on August 1,
1978, the agreement was adopted and signed. At the
conference, it was decided Bangladesh will be the host
country of the Centre.
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CIRDAP started its journey initially with the six
countries under the auspicious leadership of its founder
leadership Azizul Haq in an office at the Bangladesh
Academy for Rural Development (BARD), Cumilla,
Bangladesh. During the tenure of Mr. Azizul Haq, the
member countries grew into 11 states. Currently,
CIRDAP has 15 member countries. In 1985, CIRDAP
relocated its office to the historic building called 'Chameli
House' in Dhaka. The building was handed over to the
Centre by Bangladesh government. Over the years,
CIRDAP had received continued support from key
international development partners notably the
Government of Japan and FAO.

Since its inception, CIRDAP has conducted a
wide range of activities including training programmes —
Thousands of Rural Development professionals from
member countries have been trained in areas such as
project management, gender mainstreaming,
microfinance, sustainable agriculture, ICT etc.; Action
Research — supported pilot projects across its member
countries to test and document effective models of
community driven development; and Knowledge Sharing
& Management — through its publication, journals and
digital platforms.

Significant Milestones

In its long successful journey, CIRDAP has achieved
several significant milestones.

+ The first Asia-pacific Ministerial Meeting on Rural
Development was held in Dhaka in April 8 & 9, 1987.
This ministerial meeting gained wide popularity
amongst the development partners and stakeholders
as the Ministers and Secretaries of the Rural
Development and Agriculture Ministries attended the
meeting. In this meeting, the 'Dhaka Declaration on
Rural Development' was adopted.

* In 2008, the Ministerial meeting held in New Delhi,
India adopted the Delhi Declaration to further
enhance its role in promoting Sustainable rural
livelihood, empowering women and leveraging ICT
through providing a platform for exchange of ideas,
sharing best practices and experiences.

*  The second Asia-pacific Ministerial Meeting on Rural
Development was held in Dhaka in 2010 and the
meeting provided CIRDAP with a new direction and
mandate.

*  Former President of India Dr. A P J Abdul Kalam
visited CIRDAP on its 33rd foundation day
celebration on July 4-5, 2012. While in Dhaka, Dr.
Kalam delivered the lecture on 'Providing Urban
Amenities in Rural Areas' (PURA). He also had a
special interactive session with a group of children
from Bangladesh and other CIRDAP Member States.

* In 2013, CIRDAP International Conference Centre
(CICC)was established which has been turned into a
modern hub for international and regional
conferences, dialogue and capacity building.

How does CIRDAP work?

 CIRDAP provides technical and policy support to
ministries and institutions involved in Integrated
Rural Development (IRD) by enabling and helping
national decision-makers, development
practitioners, and planners to exchange ideas and
experiences on IRD and to identify areas in which
collaborative efforts can be promoted for the mutual
benefit of member states.

« CIRDAP works to identify opportunities for
collaborative efforts among member states to
enhance integrated rural development and address
common challenges, particularly in poverty
alleviation.

Mission of CIRDAP

To provide technical support and promote innovative
best practices on sustainable IRD amongst member
countries in Asia-Pacific to improve the lives of the rural
people.

*  To Utilize state-of-the-art ICT
*  Provide flagship training and capacity development

»  Enhance analytical capability in formulating policies
& determining appropriate measures (impacts of
globalization, trade liberalization, climate change and
disaster risks, engagement of communities)

 Foster cooperation on development through
collaborative research projects

+ Disseminate knowledge gained and transfer of
innovative technologies

CIRDAP's Core Activities:

1. Research: Conducting studies and research on rural
development issues to inform policy and program
design.

2. Pilot Projects: Implementing and evaluating pilot
projects that demonstrate innovative rural
development solutions.

3. Training and Education: Providing capacity-
building opportunities through training programs and
educational initiatives to strengthen skills in rural
development.

4. Exposure Visits: Organizing visits to successful rural
development programs to allow decision-makers and
practitioners to learn from each other's experiences.
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5. Consultative Conferences/Policy Dialogues:
Hosting conferences and dialogues to foster
discussions among stakeholders, sharing best
practices, and identify common strategies.

6. Dissemination of Information: Sharing knowledge,
research, and best practices across member states to
supportinformed decision-making.

Organizational Structure

The Centre is administered by the Secretariat
based in Dhaka, Bangladesh. CIRDAP has three
governing bodies, namely Governing Council (GC), the
Executive Committee (EC) and the Technical Committee
(TC). The Governing Council (GC) is the highest policy
and decision-making body of CIRDAP represented by the
Ministers of the designated Contact Ministries of all
member countries. It sets the overall policy and
programme direction for the Centre. The primary role of
the Executive Committee (EC) is to review and make
recommendations to GC on matters concerning the
management and operation of the Centre's activities. It is
also responsible for providing guidance to the Centre on
implementation of the policies and decisions. The
Technical Committee (TC) is to provide technical advice
on professional matters concerning work plans and
strategies for implementation of the CIRDAP activities,
and the interrelationships and coordination of activities
carried out by the Centre under auspices of the member
countries.

POLICY BODIES OF CIRDAP

The Governing
Councll [GC)

The Executive
Committee (EC} |

The Technical
Committes [TC)

Secretariat

A full-time Director General, selected by the
Governing Council for a four-year term is the chief
executive of the organization. The work of the Centre is
directed by the Director General in accordance with the
policy and decisions adopted by the Governing Council
under the guidance of the Executive Committee. Under
the leadership of Dr. P. Chandra Shekara, Director
General of CIRDAP, who is an esteemed professional
with over 36 years of experience in Agricultural Extension,
Agri-Entrepreneurship, Marketing, Rural Development,
and Public-Private Partnerships, the Secretariat plays a
crucial role in managing programs, fostering regional
cooperation, and promoting innovative approaches to
sustainable rural development.

CIRDAP Footprints of 46 Years
Key Achievements

*+ The United Nations Economic and
Social Commission for Asia and the
Pacific UNESCAP has recognized
CIRDAP as one of its Network Centres
of Excellence in Research and Training
of Human Resource Development
(HRD)

« CIRDAP is also a member of the
Council of Advocates for World Micro-
credit Summit Campaign

+ CIRDAP was designated as the UN
focal point institution for PopMap
training in the region.

Human Resource Development

CIRDAP has been conducting Training
Programmes, Exposure visits, Workshops,
Research, Pilot Project, Consultative
Conference/Policy Dialogue, Dissemination of
Information etc., with the aim of capacity building in
integrated rural development in Asia and the Pacific
region. Since CIRDAP's inception in 1979, more than
seven thousand people have participated and
benefited in training and research activities. Many
alumni are now leaders and senior officials in
government, development agencies, academia and
research institutes contributing to welfare of rural
communities.

CIRDAP Contribution: At a Glance
International Training Programmes
completed — 346
International Executives Trained — 7761
Research and Action Research
Projects completed - 212
Partners — 62

CIRDAP Research Programs - In search of Innovative
Good Practices by Empowering Rural Communities

CIRDAP has implemented 212 Research and
Action Research Projects across its member countries
from 1979 to 2025, aligned with its Strategic Plan.
Research Projects focus on improving the livelihoods of
rural marginalized communities. Ongoing research
projects include:
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*  GenderResponsive Budgeting in Nepal

* Inclusion of Transgender and Gender-Variant Youth
for Rural Developmentin India

. Sericulture Value Chainin IR Iran

*  Women and Youth Empowerment for Inclusive
Developmentin SriLanka

These initiatives are executed in collaboration
with national institutions such as Local Development
Training Academy (LDTA) - Nepal, National Institute of
Rural Development and Panchayati Raj (NIRD&PR) -
India, Agricultural  Planning, Economic and Rural
Development Research Institute (APERDRI) - IR Iran,
and Hector Kobbekaduwa Agrarian Research and
Training Institute (HARTI) - Sri Lanka.

CIRDAP Capacity Building Programs - Empowering
Professionals, Institutions and Policies to empower
Rural Communities

Since its inception, CIRDAP has conducted 346
training and capacity-building programmes, benefiting
over 7,700+ International Executives across member
states. In 2025 alone, the organization successfully
implemented six international training programmes and
one in-house programme, addressing priority areas such
as disaster management, climate change adaptation,
micro-enterprise development, rural innovation, agri-
cooperatives, leadership development, and the
application of artificial intelligence in the workplace. An
innovative exposure visits to India's T-Hub, T-Works, and
the Rural Technology Park further showcased cutting-
edge support systems for rural innovation and micro-
enterprise development. Training programs emphasize:

*  Rural Development Models

* Institutional Capacity Building

» Technical Proficiency for Professionals
»  Policy Reforms for Policy Makers

Trainings are conducted across member
countries on a rotational basis through CIRDAP's Link
Institutions. Faculty development is also a strategic
priority for CIRDAP. The organization enhances the
capacities of its own experts and those of its Link
Institutions to improve implementation of IRD Models.

Integrated Rural Development (IRD) Models -
Strengthening Systems for Rural Development

Integrated Rural Development (IRD) has been
one of the major rural development strategies in Asia and
the Pacific countries since the last four decades. Through
experimentation with rural development projects
pioneered by different countries, characterized by
pragmatic adaptation to local conditions, several
concepts, philosophies and models have been

successfully applied for improving livelihoods, reducing
poverty and increasing food security of rural people.
CIRDAP established CIRDAP Exhibition and Museum on
Integrated Rural Development in Asia-Pacific (CEMIRD)
to showcase best practices on integrated rural
development (IRD) models from CIRDAP member
countries both physically and digitally.

A major mandate of CEMIRD is to identify and
disseminate IRD models developed through member
country initiatives. Key milestones:

¢« 11 IRD Models showcased at the CIRDAP Exhibition
and Museum on IRD (CEMIRD)

*  CIRDAP documented and published 32 IRD models
in 2025, contributing to a cumulative total of 94
models and success stories from across Asia and the
Pacific.

* Disseminated through Social Media Channels and
CIRDAP Bulletin.

* These models offer pragmatic solutions adapted to
local contexts to improve livelihoods and food
security.
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CIRDAP Webinar Series — Gathering and Sharing
Knowledge

CIRDAP is regularly organizing Webinars by
eminent professionals on current relevant issues in Rural
Development for the benefit of CIRDAP member
countries. Through the CIRDAP Knowledge Series, the
organization has hosted 58 high-impact webinars led by
global experts on: Climate Action, Rural innovation,
Gender inclusion, Community resilience, Agricultural
entrepreneurship and many more. These are accessible
to stakeholders across all member countries to
encourage policy dialogue and skill exchange. Access
recordings on 'CIRDAPs YouTube Channel:
https://www.youtube.com/@cirdapofficialchannel.

CIRDAP's new publication, titled 'Integrated
Rural Development in Asia and Pacific: South-South
Learnings', has been developed based on the Policy
Implications of the Webinars on CIRDAP Member
Countries webinars addressing a wide range of emerging
and critical themes, including food security, climate
resilience, gender equality, digital transformation,
inclusive governance, entrepreneurship, health systems,
disaster preparedness, and related areas.
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CIRDAP-REEDS International Rural Innovation
Challenge: 'One Innovation. Endless Change.
Countless Smiles'

CIRDAP in collaboration with the Rural Economic
and Educational Development Society (REEDS),
launched an exciting new initiative titled the Rural
Development Innovation Challenge. This upcoming
programme aims to identify, support and promote
groundbreaking ideas that can transform rural lives
across CIRDAP's fifteen Member Countries in Asia and
Pacific Region. Anchored on the theme “One Innovation.
Endless Change. Countless Smiles.”, the initiative seeks
to identify, recognize, and promote proven rural
innovations that have demonstrated measurable impact
atthe grassroots level and possess potential for scale and
replication across Asia and the Pacific.

The Innovation Challenge will call for
submissions from experts, agencies, ministries, non-
governmental organizations, research institutions, and
individuals from CIRDAP Member Countries. It will offer
recognition, awards, and opportunities for collaboration,
spotlighting the most outstanding rural innovations
emerging from within CIRDAP Member Countries. Last
date of submission: 28 February 2026.

Project Facilitation Centre: A forward-looking and
highly impacted initiative

Project Facilitation Centre (PFC) of CIRDAP is a
forward-looking initiative to empower its network of MoU
partners, development organizations, and expert
collaborators across member countries. The PFC acts as
adynamic platform to inspire, design, and drive innovative
rural development projects that advance CIRDAP's
mission of inclusive and sustainable growth. The PFC is
designed to catalyze the development of innovative rural
development projects that align with CIRDAP's mission.
In 2025, CIRDAP has received 12 consultancies with
amount of $5.3 Million USD which currently are under
consideration.

CIRDAP Publications — Messengers of Change

In 2025, CIRDAP has published 20 major
publications (including 12 'Voices of CIRDAP') on different
thematic topics which are reached or circulated to over
more than 1.20 lakh globally. CIRDAP contributes to the
global rural development discourse through:

* Asia-Pacific Journal of Rural Development
(APJORD): A flagship peer-reviewed Biannual
Academic Journal.

* CIRDAP Rural Development Report (Once in two
years)

*  Voice of CIRDAP (Monthly E-Bulletin)

¢ International Publication based on various thematic
topics.

CIRDAP's BRAND —The Flagship Publications
Some other Notable International Publications

CIRDAP Experts — Pooling the expertise to benefit Rural
Communities

In order to avail the global expertise for assisting
CIRDAP in addressing challenges in Rural Development
in CIRDAP member countries, CIRDAP has created a
platform to network Experts in Rural Development as
CIRDAP Experts. To strengthen technical capacity,
CIRDAP maintains an Expert Database with 100
professionals across 15 nationalities. These experts:

»  Contribute to publications and webinars

» Participate in project Formulation and Implementation
*  Supportinstitutional learning

CIRDAP Partnerships

Since the establishment, CIRDAP has initiated and
established 62 institutional partnerships through the
Memorandum of Understanding (MoUs) currently
contributing to rural development initiatives. Partnerships
enhance program implementation, resource sharing, and
innovation dissemination. Focus on joint training,
research, and advocacy.

CIRDAP Social Media Outreach

CIRDAP leverages social media platforms to
reach a wider audience and share daily messages on
CIRDAP activities and innovations. CIRDAP reorganized
social media presence ensures effective communication
with member countries. It has strategically strengthened
its presence on digital platforms:

*  Facebook: 1.2 million views across various posts. A
total reach of 954,000 (9.54 lakh), reflecting strong
engagement with followers from member countries
and beyond in 2025 through daily messages

« LinkedIn, Twitter: Active dissemination of events and
knowledge resources daily

*  YouTube Channel: 100 Videos expanding the
repository of informative content; and 48 recorded
webinars uploaded, covering diverse themes,
including integrated rural development, agriculture,
cooperative models, and capacity building. The
channel is getting popular with a 186 Subscribers (as
ondate) and Total Views: 3,375.

»  KrishiJagran Collaboration: 3 million+ views

CIRDAP International Conference Center (CICC) —
2,529 programmes/events covering 2.72 lakhs
participants

The CIRDAP International Conference Centre
(CICC) is a state-of-the-art facility designed to host a wide
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range of events, including international and national
conferences, training workshops, and official meetings.

Since its inception, CICC has become a hub for
knowledge exchange and collaboration, successfully
hosting over 2,529 events with the participation of more
than 2,72,068 individuals from across the globe. This
remarkable engagement highlights CICC's role as a
premier venue for fostering dialogue and development on
critical issues in the Asia-Pacific region and beyond.

Conclusion and Way Forward

Since its inception, CIRDAP has achieved
numerous milestones that underscore the importance of
such an organization. As a pioneering institution, its
mission has been to eradicate poverty and address
development challenges through integrated rural
development not only within the Asia-Pacific region but
also beyond its immediate sphere. Over the years, many
notable personalities, rural development practitioners,
experts and researchers have been associated with the
Centre. Their collective efforts have touched the lives of
thousands of rural and marginalized people across Asia
and around the world.

As history shapes the present, and the present
guides the future, CIRDAP must look ahead with renewed

purpose and determination. The journey does not end
here. Moving forward, CIRDAP remains committed to
strengthening partnerships with its member countries,
knowledge institutions, stakeholders, and experts and
national/international organizations. From this year
onwards, CIRDAP plans to undertake a wide range of
activities including capacity buildings initiatives,
international training, exposer visits, research,
publications, webinars as well as the notable Innovation
Challenges and Project facilitation centers.

The Centre will continue to foster collaboration in
key thematic areas such as Digital knowledge sharing,
Women's Empowerment, Nutrition, Secondary
Agriculture, Rural Innovation, Entrepreneurship, Climate
Change, Disaster Management, Cooperatives etc. These
integrated approaches will further reinforce the Centre's
strong commitment to sustainable and inclusive rural
development

Upholding its vision as a Centre of Excellence,
CIRDAP pledges to move forward with even greater
resolve, guided by knowledge, innovation and
commitment. CIRDAP reaffirms its promise to "leave no
one behind" in pursuit of the Sustainable Development
Goals.
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The Role of Technology in Sports
and Its Social Dimensions

Prof. (Dr.) Sanjay Tewari

Hony Professor, Russian Academy of Fundamental and Social Sciences, Moscow
Assoc. Researcher Fellow; Sociological Institute of Federal Center of Theoretical and Applied Sociology,
Russian Academy of Sciences, 7th Krasnoarmeyskaya str. 25/14, St. Petersburg

Abstract

Technology has become an inseparable
component of modern sports, transforming the ways in
which games are played, governed, consumed, and
socially experienced. From performance-enhancing
wearable's and data analytics to broadcasting
innovations and social media platforms, technological
interventions have reshaped both elite and grassroots
sports. This paper examines the multifaceted role of
technology in sports and critically analyzes its broader
social dimensions. It explores how technology influences
athletic performance, fairness, commercialization, media
representation, gender relations, accessibility, and
identity formation. While technological advancements
promise efficiency, transparency, and inclusivity, they also
raise concerns regarding inequality, surveillance, ethical
dilemmas, and the commodification of sport. Using a
sociological lens, the paper argues that technology in
sports is not value-neutral; rather, it is embedded within
existing power structures and social relations.
Understanding these dynamics is crucial for ensuring that
technological progress in sports contributes positively to
social development and democratic values.

Keywords: Sports technology, sociology of sports, social
dimensions, performance analytics, media, inequality,
ethics

1. Introduction

Sport has always been intertwined with
technological development. From the invention of
standardized equipment and playing surfaces to modern
digital innovations, technology has continually reshaped
sporting practices. In the contemporary era, rapid
advancements in information technology, biomechanics,
artificial intelligence, and media platforms have
fundamentally altered the nature of sports at local,
national, and global levels.

Technology in sports is often celebrated for
enhancing performance, improving accuracy in decision-

making, and increasing spectator engagement. However,
beyond its functional benefits, technology also carries
profound social implications. It influences who gets access
to sports, whose performances are valued, how identities
are constructed, and how power is distributed among
athletes, institutions, corporations, and audiences.

This paper seeks to analyze the role of
technology in sports while foregrounding its social
dimensions. Drawing from sociology, media studies, and
sports science, it examines how technological
interventions shape sporting experiences and social
relations. The discussion moves beyond a purely
technical perspective to highlight the social
consequences, ethical challenges, and inequalities that
accompany technological change in sports.

2. Evolution of Technology in Sports

Historically, technological innovations in sports
were limited to equipment design and infrastructure. The
introduction of lighter materials in athletics shoes,
protective gear in contact sports, and standardized
playing fields marked early technological interventions.
The industrial era enabled mass production of sporting
goods, democratizing access to sports to some extent.

In the late twentieth and early twenty-first
centuries, digital technologies revolutionized sports.
Video recording, instant replays, computerized timing
systems, and biomechanical analysis transformed
training and officiating. Today, technologies such as
wearable sensors, GPS tracking, motion-capture
systems, and artificial intelligence-driven analytics are
widely used in professional sports.

Simultaneously, advancements in
communication technologies—television, satellite
broadcasting, internet streaming, and social
media—have globalized sports consumption. Sporting
events are no longer confined to stadiums; they are
experienced across digital platforms, creating new forms
of spectatorship and social interaction.
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3. Technology and Athletic Performance

One of the most visible roles of technology in
sports is performance enhancement. Wearable devices
monitor heart rate, movement patterns, fatigue levels, and
recovery cycles, enabling athletes and coaches to
optimize training regimes. Data analytics helps identify
strengths, weaknesses, and injury risks with
unprecedented precision.

From a social perspective, these technologies
redefine the meaning of talent and effort. Athletic success
is increasingly seen as a product of scientific
management rather than solely individual skill or
dedication. This shift raises important questions: Does
technology reduce sport to a technical project? Does it
undermine the romantic ideal of natural ability?

Moreover, access to performance-enhancing
technologies is uneven. Elite athletes and wealthy
institutions benefit disproportionately, while athletes from
developing regions or underfunded systems often lack
such resources. This technological divide reinforces
existing social inequalities in sports, privileging certain
nations, clubs, and social classes.

4. Technology, Fairness, and Governance

Technological interventions in officiating—such
as Video Assistant Referee (VAR), Hawk-Eye, goal-line
technology, and instant replays—are designed to
enhance fairness and accuracy in sports. These systems
aim to minimize human error and ensure objective
decision-making.

While these technologies have improved
transparency, they have also sparked controversy. Critics
argue that excessive reliance on technology disrupts the
flow of games and diminishes the human element of
sports. Others point out that technological systems
themselves are designed, operated, and interpreted by
humans, making them susceptible to bias and error.

From a sociological standpoint, governance
technologies reflect broader issues of trust, authority, and
power. Decisions mediated by technology often appear
unquestionable, shifting authority away from referees and
athletes toward technical experts and governing bodies.
This raises concerns about accountability and democratic
participation in sports governance.

5. Media Technology and the Spectacle of Sports

Media technology has transformed sports into a
global spectacle. High-definition broadcasting, slow-
motion replays, multiple camera angles, and virtual
graphics have enhanced the visual appeal of sports
events. Digital platforms allow fans to engage with sports
contentanytime and anywhere.

Socially, this transformation has altered the
relationship between sports, culture, and identity. Athletes

have become media personalities, brands, and
influencers. Fans engage not only with teams but also
with narratives, controversies, and online communities.
Social media platforms enable direct interaction between
athletes and audiences, reshaping traditional hierarchies.

However, media technologies also intensify
commercialization. Sponsorships, advertising, and data-
driven marketing dominate sports broadcasting. The
emphasis on entertainment value often marginalizes less
marketable sports, women's sports, and grassroots
competitions, reinforcing gender and class inequalities.

6. Technology, Gender, and Inclusion

Technology has the potential to promote inclusion
in sports by creating adaptive equipment for persons with
disabilities, improving safety for women athletes, and
providing digital platforms for marginalized voices.
Innovations in prosthetics, for instance, have expanded
opportunities in para-sports.

Yet, technological development in sports often
reflects gender biases. Most sports technologies are
designed based on male bodies, training patterns, and
performance metrics. Women athletes frequently receive
less technological investment, media coverage, and
research attention.

Social media offers women athletes greater
visibility and agency, but it also exposes them to online
harassment, body policing, and gendered scrutiny. Thus,
technology simultaneously empowers and constrains
women in sports, reflecting broader patriarchal structures
in society.

7. Surveillance, Data, and Ethics

The increasing use of surveillance
technologies—biometric monitoring, GPS tracking, and
performance data collection—raises serious ethical
concerns. Athletes' bodies are constantly measured,
recorded, and analyzed, turning them into data-producing
entities.

From a social perspective, this datafication of
athletes challenges notions of privacy, autonomy, and
consent. Who owns the data generated by athletes? How
is it used, shared, or commercialized? In many cases,
athletes have limited control over their own data,
reinforcing power asymmetries between individuals and
institutions.

There is also the risk of over-surveillance leading
to psychological pressure, burnout, and loss of intrinsic
motivation. Sports, traditionally associated with joy and
play, risk becoming highly controlled environments
governed by algorithms and performance metrics.

8. Technology and Grassroots Sports

While elite sports dominate discussions on
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technology, its impact on grassroots and community
sports is equally significant. Digital platforms facilitate
online coaching, fithess apps, and virtual competitions,
expanding access to sports participation.

However, the digital divide remains a major social
issue. Communities with limited access to technology,
internet connectivity, or digital literacy are excluded from
these benefits. The emphasis on technology-driven
sports may also marginalize traditional games and
indigenous sporting practices.

From a sociological viewpoint, equitable
technological development in sports requires policies that
prioritize community needs, cultural diversity, and social
inclusion rather than solely commercial interests.

9. Cultural Change and Identity Formation

Technology has reshaped how individuals
experience sports and construct identities. Online
fandoms, e-sports, fantasy leagues, and virtual
communities create new forms of belonging and social
interaction. Sports identities are no longer tied only to
physical participation or local affiliations but also to digital
engagement.

E-sports, in particular, challenge conventional
definitions of sport by emphasizing virtual competition,
cognitive skills, and digital infrastructure. Their rise
reflects broader cultural shifts toward technologized
leisure and youth culture.

At the same time, concerns arise regarding
physical inactivity, screen dependency, and the erosion of
embodied sporting experiences. Balancing digital
engagement with physical participation remains a key
social challenge.

10. Conclusion

Technology has profoundly transformed sports,
influencing performance, governance, media
representation, and social relations. While technological
advancements offer significant benefits—efficiency,
fairness, global connectivity, and inclusion—they also
reproduce and sometimes intensify social inequalities,
ethical dilemmas, and power imbalances.

From a sociological perspective, technology in
sports is not merely a neutral tool but a social force
embedded in economic, cultural, and political contexts. Its
impacts depend on who designs, controls, and accesses
it. Therefore, critical engagement with sports technology
is essential to ensure that innovation aligns with values of
equity, transparency, and human dignity.

Future policies and research must adopt an
interdisciplinary and socially conscious approach,
recognizing that the true value of technology in sports lies
not only in enhancing performance but also in
strengthening social cohesion, democratic participation,

Y

and cultural diversity.
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Rajasthan, India's largest state by area, is
dominated by arid and semi-arid landscapes
characterized by low and highly variable rainfall—often
between 100 and 400 mm annually—and intense
evaporative demand. These conditions make water
scarcity a chronic challenge for domestic use, agriculture,
livestock, and ecosystems. To meet this challenge,
Rajasthan has developed and continues to refine an array
of sustainable water-harvesting structures that marry
ancient ingenuity with modern resource management
principles, contributing both to local resilience and global
climate adaptation goals as articulated in the IPCC
Assessment Reports and the United Nations Sustainable
Development Goals (SDGs).

The IPCC Sixth Assessment Report (ARB)
highlights that climate change is intensifying the global
hydrological cycle. Precipitation variability is increasing,
the frequency and duration of droughts are rising in many
semi-arid regions, and extreme rainfall events are
becoming more intense. Nearly half of the world's
population already experiences severe water scarcity for
at least part of the year, and this fraction is projected to
increase under future warming scenarios. Semi-arid
regions such as Rajasthan are particularly sensitive to
these changes because water availability depends
strongly on the timing, intensity, and spatial distribution of
the monsoon. In this context, rainwater harvesting is not
merely a conservation practice but a core climate
adaptation strategy.

Traditional water-harvesting systems of
Rajasthan embody several sound hydrological principles:
localized storage, minimization of evaporation losses,
enhancement of groundwater recharge, and reliance on
community-level management. Among the most
widespread structures is the johad, a small earthen check
dam constructed across natural drainage lines. Johads
intercept surface runoff, reduce flow velocity, promote
sediment deposition, and allow water to infiltrate into
shallow aquifers. Empirical observations from Alwar
district have shown that large-scale revival of johads led to

a measurable rise in groundwater levels, the
reappearance of seasonal streams, and expansion of
irrigated agriculture.

Another important structure is the naadi, or
village pond, which stores runoff from a defined
catchment area. Although primarily used for livestock and
sometimes domestic supply, a significant fraction of the
stored water percolates into the subsurface, contributing
to groundwater recharge. The tanka represents a different
design philosophy: it is an underground, lined cistern
intended mainly for drinking water. By capturing rooftop or
paved-catchment runoff and storing it in an enclosed
space, the tanka minimizes evaporation losses and
preserves water quality. In engineering terms, it functions
as adecentralized, low-energy storage reservoir with very
low transmission losses.

In addition to these traditional systems, modern
watershed-development programs in Rajasthan employ
engineered structures such as masonry check dams,
anicuts, contour trenches, and farm ponds. These are
designed using basic hydrological and geotechnical
principles, including catchment area assessment, runoff
estimation, depth—capacity relationships, and seepage
control. Farm ponds, for example, can store several
hundred cubic metres of runoff from small catchments
and provide supplemental irrigation during dry spells
while also contributing to groundwater recharge through
controlled percolation.

From the perspective of the Sustainable
Development Goals, these interventions directly support
SDG 6: “Ensure availability and sustainable management
of water and sanitation for all.” Target 6.1, which focuses
on access to safe and affordable drinking water, is
addressed through decentralized storage systems such
as tankas and village ponds. Targets 6.3 and 6.4, which
emphasize improving water quality and increasing water-
use efficiency, are supported by local storage and
recharge systems that reduce dependence on
overexploited aquifers and long-distance water transfers.
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Target 6.5, integrated water resources management, is
operationalized at the micro-watershed scale when
surface storage, groundwater recharge, land
management, and community institutions are planned
together.

Hydrologically, the effectiveness of these
structures depends on site-specific factors such as sail
texture, depth to water table, slope, and vegetation cover.
Studies in semi-arid parts of Rajasthan indicate that
roughly 8-26 percent of monsoon rainfall can be
converted into effective groundwater recharge under well-
designed rainwater-harvesting and watershed-
management systems. Regular maintenance, particularly
desilting of tanks and protection of catchments from
erosion, is essential to sustain this performance over time.

Beyond water security, there are important
climate-mitigation co-benefits. Decentralized rainwater

harvesting reduces the need for energy-intensive
pumping from deep aquifers and long-distance
conveyance, thereby lowering the carbon footprint of
water supply. In this way, local adaptation measures also
contribute indirectly to emissions reduction, a synergy
emphasized in the IPCC's assessment of sustainable
development pathways.

In conclusion, the water-harvesting structures of
Rajasthan—ranging from johads, naadis, and tankas to
engineered check dams and farm ponds—represent a
scientifically sound and socially embedded response to
aridity and climate variability. When viewed through the
combined lenses of IPCC climate science and the SDG
framework, these systems emerge not as relics of the past
but as essential components of a climate-resilient, low-
carbon, and sustainable water-management strategy for
semi-arid regions.
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ABSTRACT

Artificial Intelligence (Al) is reshaping global
education and learning paradigms with profound depth
and rapidity. Al-powered technologies from personalized
learning platforms and adaptive assessments to
immersive simulation tools promise unprecedented
teaching efficacy, enhanced student engagement, and
greater educational access. However, this technological
revolution also surfaces ethical, cultural, cognitive, and
societal questions concerning human agency, equity, and
the aims of education itself. Indian Knowledge Systems
(IKS), rooted in millennia of philosophical, pedagogical,
and holistic learning traditions, offer profound insights into
how educational transformation should harmonize
innovation with human values. By situating Al's
educational applications within the broader philosophical
and ethical frameworks of IKS, this article explores the
historical context of Indian education, analyses
contemporary global and Indian developments in Al-
driven learning, and interrogates implications for
pedagogy, equity, and policy. It concludes with proposals
for integrating IKS values in Al education governance,
fostering culturally grounded and ethically informed
educational transformations.

KEYWORDS: Atrtificial Intelligence, Al in Education,
Indian Knowledge Systems (IKS), Educational
Transformation, Ethics, Global Perspectives, Pedagogy,
Equity.

INTRODUCTION

Artificial Intelligence is no longer an abstract
concept reserved for laboratories and advanced research
institutions it is reshaping educational ecosystems at
every scale. Al-driven technologies are now widely
applied to personalize instruction, automate
administrative tasks, provide intelligent feedback, and
support teachers and learners in real time. From adaptive
tutoring systems that tailor content to individual learners
to generative chatbots that assist with student questions
and simulation environments that deepen conceptual

understanding, the influence of Al on education is
multifaceted and expanding rapidly. Contemporary
research identifies Al's capacity for personalized learning,
efficiency in grading and assessment, scalability of high-
quality instruction, and support for students with diverse
needs as major advantages of Al adoption in educational
settings. However, ethical concerns such as algorithmic
bias, data privacy, the digital divide, pedagogical integrity,
and long-term effects on cognition and independent
thinking persist across scholarly and policy debates (Ali,
2025, Zulkarnain & Md Yunus, 2023, Panjani & Mudgal,
2024).

Educational systems are essentially about
shaping minds, fostering ethics, and cultivating human
flourishing. This broader purpose resonates with Indian
Knowledge Systems (IKS), where learning historically
transcended mere knowledge acquisition. Classical
Indian pedagogical models emphasized Vidya (true
knowledge), Dharma (ethical conduct), and Jnana
(wisdom), aiming to produce well-rounded individuals
who contribute constructively to society. Whereas modern
Al education often focuses on rapid skill acquisition and
measurable outcomes, IKS underscores human-centred
values, deep reflection, and moral grounding. Integrating
IKS perspectives with contemporary Al practices offers a
unique opportunity to rethink Al-enabled education in
ways that preserve human dignity, cultural context, and
ethical purpose (Agrawal, 2025).

This article examines Al-driven educational
transformation through the dual lens of technological
innovation and Indian Knowledge Systems. It first situates
this transformation within historical perspectives of Indian
pedagogy. It then explores international experiences with
Al in education, assesses their implications, and finally
articulates insights and future directions for harmonizing
Aland IKS.

HISTORICAL BACKGROUND

Education in the Indian subcontinent has a rich
philosophical and pedagogical lineage that predates and
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transcends colonial and modern schooling. Ancient Indian
centres of learning like Taksasila and Nalanda were
renowned for their comprehensive curricula,
interdisciplinary study, and intellectual diversity, attracting
scholars from across Asia. These universities did not
merely transmit factual knowledge, they engaged
learners in deep philosophical inquiry, dialectical
reasoning, and ethical reflection. Gurukul systems
residential models of teaching emphasized sustaining a
guru-Sisya (teacher-learner) relationship that combined
rigorous intellectual instruction with moral mentoring and
experiential learning (Anaadi Foundation, n.d.,
Sarvwigyan, n.d.).

Traditional Indian pedagogy operated on the
principle that education should nurture all aspects of the
human personality cognitive, emotional, ethical, and
social. Works such as the Upanisads and Bhagavad Gita
articulate an integrated view of knowledge that aligns
reason with ethical action. Ancient logic systems like
Nyaya provided structured frameworks for inference and
debate, resembling modern critical thinking and
reasoning frameworks that Al systems now strive to
emulate computationally. The cultural emphasis on
Viveka (discernment) and Shanti (inner calm) reinforces
an education that cultivates self-regulation, empathy, and
holistic understanding values increasingly recognized as
vital in Al-mediated educational contexts as concerns
about cognitive overload and overreliance on technology
grow (Anaadi Foundation, n.d., Sarvwigyan, n.d.).

These principles contrast with certain modern
educational imperatives that prioritize standardized
metrics, performance outcomes, and efficiency. Al
technologies amplify these priorities through advanced
analytics and data-driven optimization. Yet without a
philosophical grounding that stresses human dignity,
creativity, and ethical judgment, Al's integration into
learning could risk instrumentalizing education treating it
as a means to narrow functional ends rather than as a
holistic formation of human capacities. Hence, IKS
provides a valuable ethical and pedagogical context for
interpreting Al's role in education not merely as a tool for
optimization but as an instrument for human
empowerment rooted in ethical and cultural values.

AlI-DRIVEN EDUCATIONAL TRANSFORMATION:
CONTEMPORARY TRENDS

Contemporary research characterizes Al in
education as a transformative force reshaping
instructional delivery, pedagogy, and assessment. Al
applications now include intelligent tutoring systems,
adaptive learning environments, predictive analytics,
automated assessment tools, and generative Al capable
of producing customized content in real time (Ahmed Ali,
2025, Acar, Deiri & Yigit, 2025).

One of the most widely discussed applications of
Al in education is personalized learning. Al systems

analyse learners' interactions, patterns, and progress to
tailor instructional sequences and feedback potentially
making learning more responsive and student-centred.
Research suggests that personalized learning systems
can bridge learning gaps, support differentiated
instruction, and accommodate individual pacing, thereby
addressing some equity concerns inherent in traditional
classrooms. However, personalization also raises
questions about transparency and adaptability: Are
students merely sorted into algorithmically determined
pathways, or does Al genuinely enhance their reflective
and creative capacities? These questions are central to
integrating Al in ways that align with deeper educational
purposes rather than purely performance enhancement
(Ali, 2025, Acaretal., 2025).

Another important domain is automated
assessment. Al-powered tools can rapidly evaluate
student assignments, provide feedback, and free
teachers from routine grading tasks. Such automation can
enable teachers to focus on high-value interactions,
mentorship, and support. At the same time, the reliability
and fairness of automated assessments depend on data
quality and algorithmic design. Issues such as bias in
training data and limited cultural applicability pose
challenges that education systems must confront
transparently and ethically (Panjani & Mudgal, 2024,
Frontiers Education, 2024).

Al also promises greater inclusivity in education.
Technologies that convert speech to text, offer
multilingual interfaces, and provide assistive
communication tools can support learners with disabilities
and linguistic minorities. Certain Al models can translate
instructional materials into local languages, reducing
barriers to learning for students across diverse linguistic
backgrounds. In India, initiatives like Adi Vaani an Al-
based language translation tool for tribal languages
highlight how Al can preserve cultural heritage while
expanding educational accessibility (Adi Vaani, 2025).

Despite these advances, ethical challenges
persist including data privacy, unequal access to Al
resources, and the risk of reinforcing existing inequities.
Teachers often lack training and confidence to integrate Al
tools pedagogically, and infrastructure gaps in low-
resource settings can limit widespread adoption. These
contextual limitations must be addressed through
comprehensive professional development and ethical
frameworks that align with national educational visions
such as India's National Education Policy 2020, which
underscores technology integration alongside humanistic
values.

INTERNATIONAL PERSPECTIVES

Al in education is not an India-centric
phenomenon, it reflects global efforts to harness
emerging technologies for learning excellence. In Europe,
initiatives like Estonia's Al Leap aim to equip students and
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teachers with Al tools and digital literacy competencies,
integrating Al into national curricula while grounding use
in ethical practices. Estonia's policy refrains from punitive
restrictions on technology in schools and instead reflects
a holistic, forward-looking approach to teaching and
learning with Al capabilities (Guardian, 2025).

Scholarly research from the USA, Nordic
countries, and beyond highlights the need to balance Al's
utility with critical thinking development, academic
integrity, and autonomous learning skills. A cross-national
study on students' intentions to use generative Al such as
ChatGPT underscores educators' concerns about
dependency, underscoring that thoughtful integration of
Al requires policies that encourage deep learning rather
than superficial engagement (International Journal,
2025).

Beyond primary and secondary education,
universities globally grapple with Al's implications for
higher education pedagogy. Research emphasizes the
role of 'humans in the loop' meaning that Al should
augment rather than replace human judgment, creativity,
and mentorship in teaching practices. Policy guidelines
emerging from international research call for
transparency, equity, and fairness in deploying Al
systems, and prompt institutions to repurpose Al as a tool
that supports human educators rather than isolates
learners from meaningful intellectual engagement
(Springer Nature, 2024).

International comparative studies also raise
critical inquiries about Al's impact on cognitive
development. Recent research cautions that overreliance
on Al for information retrieval and problem solving can
lead to shallow thinking if not counterbalanced by
structured pedagogical strategies for reflective reasoning
and critical inquiry. These insights align with IKS
emphases on deep understanding, contemplation, and
ethical reasoning as essential outcomes of education
(Business Insider, 2025).

CONCLUSION

Al-driven educational transformation represents
a paradigm shift with wide-ranging implications: from
individualized learning experiences and improved
assessment systems to broader inclusion and efficiency
gains. At the same time, this transformation presents
ethical, pedagogical, and societal challenges that require
thoughtful governance, transparent design, and culturally
grounded policies. Indian Knowledge Systems offer a
valuable philosophical and ethical context for interpreting
and guiding Al's role in education. The ancient emphasis
on holistic learning, moral purpose, deep inquiry, and
human flourishing resonates powerfully with
contemporary concerns about algorithmic bias, data
privacy, and the aims of education in a technology-rich
world.

To realize Al's potential while preserving human
dignity, educational transformation must balance
innovation with humanism. This balance calls for
professional development that equips educators to
integrate Al pedagogically, data governance frameworks
that protect learner rights, curriculum redesigns that
leverage Al to enhance, not replace, critical thinking, and
research collaborations that foreground ethical, cultural,
and cognitive dimensions of learning. Embedding IKS
principles in Al education policy and practice can help
ensure that technological enhancement does not eclipse
the deeper purposes of education fostering wisdom,
ethical conduct, and meaningful engagement with the
world.

FUTURE SCOPE
Future research and action should focus on:

1. Culturally Grounded Al Pedagogies: Developing Al
curricula that reflect Indian and global knowledge
traditions, integrating ethical inquiry with technical
fluency.

2. Hybrid Al-Human Learning Models: Exploring models
that balance Al support with human mentorship to
foster deep learning, creativity, and socio-emotional
growth.

3. Ethical Frameworks and Policy Design: Crafting
transparent, equitable policies for Al use in education
that safeguard privacy, fairness, and accountability.

4. Empirical Studies on Learning Outcomes:
Conducting longitudinal studies on Al's impact on
learner cognition, engagement, and equity across
diverse cultural and socioeconomic contexts.

5. Community-Centred Al Education Initiatives:
Promoting Al literacy and digital equity in underserved
communities, ensuring inclusive access to
transformative educational opportunities.

REFERENCES

* Acar, E., Deiri, Y., & Yigit, F. (2025). A focused review
of artificial intelligence in education: Evolution and
challenges. Lectito Publishing. (Lectito Publishing)

« Ahmed Ali, Z. (2025). Artificial intelligence in
education: Applications, challenges, and future
directions — a critical review. International Journal of
Ethical Al Application. (-ijeaa.cultechpub.com)

e Adi Vaani. (2025, September). Al-based translator
tool preserving tribal languages. Wikipedia.
(Wikipedia)

* International perspectives on artificial intelligence in
higher education: An explorative study of students’
intention to use ChatGPT across the Nordic countries
and the USA. (2025). Education and Information
Technologies. ('Springer Link)




w :
SHANKARA

GROUP OF INSTITUTIONS

Artificial Intelligence, Education and
Law Through The Lens of Indian Knowledge
Systems: Bridging Tradition And Technology

Prof. (Dr.) Aradhana Parmar
Director (Research) & Dean (Faculty of Law)
Maharishi Arvind University, Jaipur

Artificial Intelligence (Al) is rapidly reshaping
global education and legal systems, offering
transformative capabilities while raising critical ethical,
cultural, and legal questions. In the Indian context,
exploring Al through the foundational principles of Indian
Knowledge Systems (IKS) reveals a unique pathway to
harmonize ancient wisdom with cutting-edge
technologies. IKS encompasses philosophical depth,
pedagogical history, linguistic sophistication, and moral
frameworks that predate modern educational theory yet
resonate with contemporary calls for ethical and human-
centric Al. This article examines how Al intersects with
education and law, assesses international and Indian
perspectives, and investigates ways IKS can guide
responsible innovation without eroding cultural identity.
With a focus on historical educational practices, legal
implications of Al, policy trends, and global governance
efforts, this study bridges past insights with future
possibilities. By contextualizing Al within holistic Indian
paradigms of learning and justice, we advocate for an
inclusive ecosystem where technology enhances human
potential while preserving wisdom traditions. The article
concludes with proposals for integrating IKS into Al-driven
education and legal frameworks and a future roadmap for
research, policy, and pedagogy.

Keywords: Artificial Intelligence (Al), Indian Knowledge
Systems (IKS), Education, Law, Ethics, IKS and Al,
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Introduction

Artificial Intelligence the scientific discipline
focused on creating systems capable of tasks traditionally
requiring human intelligence has entered mainstream
education and legal practice with remarkable speed.
From personalized learning platforms and automated
assessments to algorithmic legal research tools and
predictive justice systems, Al promises unprecedented
efficiency and reach. However, this unfolding
technological revolution raises fundamental concerns

about equity in education, privacy in data handling,
fairness in legal outcomes, and the ethical foundations
guiding algorithmic decisions.

In India, this conversation acquires unique
significance when viewed through the lens of Indian
Knowledge Systems (IKS). IKS represents a body of
thought that extends across centuries, synthesizing
wisdom from Vedic philosophy, Nyaya logic, Paninian
grammar, Ayurveda medical systems, and educational
practices rooted in gurukuls and ancient universities such
as Nalanda and Taksasila. These traditions emphasize
holistic learning, ethical conduct, and the integration of
moral purpose (Dharma) with intellectual inquiry values
that modern Al systems often lack in design despite
extensive technical sophistication.

National institutions in India are increasingly
recognizing the need to integrate Al into education and
law while also grounding these technologies in cultural
and ethical frameworks. For instance, Al programs and
curricula are being introduced across educational levels,
and legal education is adapting to Al's transformative
impact. Simultaneously, scholars argue that IKS offers a
philosophically robust platform to rethink modern learning
and law in ways that guard human dignity and moral
purpose in technological adoption.

This article explores Al's intersection with
education and law through the lens of IKS, charts
historical and international perspectives, and identifies
pathways for bridging tradition and technology.

Historical Background

To comprehend how Al might interface with
Indian educational and legal traditions, it is essential to
revisit India's historical knowledge ecosystem. Ancient
Indian educational systems demonstrated remarkable
depth, with institutions that served as transcontinental
centers of learning long before modern universities
emerged. Universities such as Nalanda (5th century CE)
and Taksasila (6th Century BCE) attracted students from
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across Asia, teaching subjects ranging from Vedic
literature and logic to medicine, mathematics, and
philosophy. The educational method in gurukuls
prioritized experiential learning, mentoring, ethical
conduct, and the development of holistic competencies
rather than mere rote memorization. These classical
systems had several defining characteristics relevant to
modern education:

1. Holistic Pedagogy: Curricula spanned intellectual,
practical, and spiritual domains, fostering balanced
personalities equipped for civic and intellectual
responsibilities.

2. Teacher—Disciple Relationship: The gurukul model
emphasized personalized mentorship a precursor to
today's personalized learning ideals that Al now
seeks to technologically replicate.

3. Epistemological Depth: Traditional Indian logic
schools (Nyaya) developed rigorous systems of
reasoning and debate, which prefigure modern
computational reasoning strategies.

4. Ethical Anchoring: Concepts like Dharma (ethical
duty) and Ahimsa (non-violence) imparted moral
grounding within educational and societal contexts,
framing knowledge as a tool for righteous action.

The question for contemporary society is not only
how Al can replicate efficiencies in pedagogy and law but
also whether it can be informed by the human-centric and
morally grounded pedagogical ideals that IKS embodies.

Historically, Indian legal thought too combined
jurisprudence with ethical and moral purpose. Classical
texts like the Dharma Shastras integrated law with social
ethics, reinforcing accountability, fairness, and social
harmony. Modern legal education in India as mandated by
institutions like the Bar Council of India and law
universities has increasingly focused on doctrinal rigor but
now faces the challenge of adapting to technology-
infused practices such as algorithm-based legal research,
predictive analytics, and Al-assisted judgment support
systems.

International Perspectives

At the global level, Al governance and education
policy have rapidly become testbeds for economic
competitiveness and ethical stewardship. In Europe, the
Framework Convention on Atrtificial Intelligence and
Human Rights, Democracy and the Rule of Law, adopted
in 2024, establishes foundational principles for Al that
include transparency, accountability, non-discrimination,
and safeguards for human rights within Al systems,
setting a legal precedent for multi-national governance of
Altechnologies.

Beyond treaties and conventions, international
educational institutions are integrating Al studies into

curricula to prepare students for the future of work and
societal leadership. Publications such as Artificial
Intelligence and Human Existence: Insights on Education,
Technology, and Society highlight the intersection of Al
with human values, educational reform, and societal
implications, emphasizing a multidisciplinary approach to
Al education that incorporates cognitive, ethical, and
social perspectives rather than merely technical
knowledge.

Comparative studies reveal that countries like the
United States and members of the European Union have
already initiated comprehensive policies to integrate Al
into school and higher education curricula, focusing on
ethical Al, data literacy, and interdisciplinary learning.
These international efforts underscore a recognition of the
profound societal impact of Al and the need for
governance that aligns technological innovation with
democratic and humanistic values.

A notable international trend is the adoption of Al
to preserve endangered or historical knowledge echoing
the Indian context's efforts to digitize and make accessible
ancient manuscripts and traditional knowledge
repositories. For example, global initiatives around digital
humanities and computational preservation seek to
enrich cross-cultural education and bridge modern
technological tools with historical knowledge systems.

In the legal sphere, international legal
communities increasingly debate the role of Al in justice
delivery, including risks of bias in algorithmic predictions,
explainability in Al-based legal tools, and the necessity to
uphold the rule of law and fundamental rights in
automated decision systems.

Al, Education and Indian Knowledge Systems

In India, the National Education Policy of 2020
(NEP 2020) advocates the integration of technology into
education while preserving cultural contexts and human
values. The policy reflects the need to combine modern
pedagogical tools with India's rich intellectual heritage. Al
with its capacity for adaptive learning, real-time
assessment, and personalized mentorship, offers
opportunities to expand educational access and quality.
However, without ethical frameworks grounded in human
values, this technological infusion risks commodifying
learning, exacerbating inequalities, and diminishing
cultural pluralism a concern that Indian knowledge
systems are uniquely positioned to mitigate.

A practical manifestation of this intersection is
visible in initiatives such as NCERT's dedicated team to
develop Al textbooks for senior secondary education
signalling policy acknowledgment that Al literacy is now a
prerequisite for future-ready citizens. Parallel
experiments such as Al-assisted personalized learning
platforms (e.g., MindCraft) which tailor educational paths
to individual learning profiles underscore the
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transformative potential of Al for inclusive education,
especially in underserved regions.

Yet, the IKS perspective urges a rethinking of the
purpose of education emphasizing not only efficiency and
employability but also wisdom, ethical discernment, and
social responsibility. Traditional Indian pedagogy did not
separate intellectual achievement from moral
development, a synthesis that modern Al systems often
overlook by prioritizing performance metrics and narrow
outcomes.

Integrating IKS into Al-enabled education could
involve incorporating Indian philosophical concepts such
as Dharma (duty/ethical conduct), Seva (selfless service),
and local linguistic and cultural contexts into Al training
data, pedagogical models, and assessment frameworks
ensuring that adaptive learning algorithms respect
cultural nuance, ethical integrity, and social equity.

Al, Law and Indian Knowledge Systems

Just as Al reshapes education, it also disrupts
legal practice and jurisprudence. Tools that automate
legal research, analyse case law, and assist in predictive
judgment are increasingly prevalent. In India, legal
scholars and courts are debating the ethical and practical
implications of such tools, raising questions about bias,
transparency, and accountability. Workshops such as “Is
Indian Law Computable?” reflect a growing interest in
assessing how Al can complement legal research without
undermining human oversight or due process.

Al's integration into legal processes invites
comparisons with IKS frameworks such as Nyaya logic,
which elaborated systematic methods for inference,
evidence evaluation, and reasoning. These frameworks
can enrich Al's legal reasoning paradigms by grounding
them in traditions that value rationality, discourse, and
human agency simultaneously. Furthermore, IKS
philosophical insights can inform legal Al governance
frameworks that reconcile efficiency with justice, fairness,
and the protection of fundamental rights echoing similar
concerns in international treaties like the European Al
Convention.

In the Indian context, leveraging Al to increase
access to legal information and redressal mechanisms
such as through retrieval augmented chatbots and legal
knowledge engines is critical for democratizing justice.
Projects like LawPal aim to democratize legal knowledge
and improve accessibility, illustrating how Al systems can
empower citizens with actionable legal information while
respecting statutory frameworks and constitutional
principles.

Conclusion

Artificial Intelligence stands at a pivotal junction in
human history where its capacity to revolutionize
education and law is undeniable. Yet, its ethical, cultural,

and legal ramifications necessitate frameworks that
extend beyond efficiency metrics. Indian Knowledge
Systems rooted in centuries-old traditions of ethical
inquiry, logical discipline, and holistic education offer a
profound lens to contextualize Al's integration into society.

Bridging tradition and technology involves a two-
pronged approach: preserving the core moral and
pedagogical values of IKS while embracing Al's potential
to expand access, personalize learning, and enhance
legal justice. Policy frameworks like NEP 2020 and global
treaties on Al governance underscore the importance of
aligning technological advancement with human rights,
democratic principles, and cultural contexts.

Ultimately, integrating IKS into Al education and
law requires interdisciplinary collaboration among
educators, technologists, legal scholars, policymakers,
and cultural theorists. This integration promises not only
technological excellence but also social justice, ethical
conduct, and cultural continuity ensuring that Al enriches
human societies without eroding the wisdom that defines
them.

Future Scope
Future research may explore:

1. Pedagogical frameworks that weave IKS concepts
into Al curricula and adaptive learning systems.

2. Legal governance models rooted in IKS ethical
principles for Al accountability and explainability.

3. Al tools designed to preserve and utilize classical
Indian manuscripts and philosophical texts for
educational enrichment.

4. Comparative studies of how indigenous knowledge
systems globally can inform Al governance.

5. Empirical assessments of Al's impact on educational
equity and justice outcomes in diverse Indian
contexts.
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Abstract

The creation of atomically thin two-dimensional
(2D) metals represents a transformative milestone in
condensed matter physics. Since the discovery of
graphene in 2004, 2D materials have revolutionized
fundamental science and enabled novel technological
prospects. However, synthesizing true metallic sheets at
atomic thickness, with robust stability and metallic
behavior, had remained out of reach — until the
breakthrough achieved by researchers at the Institute of
Physics, Chinese Academy of Sciences in 2025. This
article reviews the scientific context, experimental
methods, discoveries, theoretical implications, and
potential applications of 2D metals, and discusses future
directions in both research and applied physics.

1. Introduction

Two-dimensional materials are crystalline sheets
only a few atoms thick, exhibiting physical properties
distinct from their bulk counterparts due to quantum
confinement and altered symmetry. The seminal isolation
of graphene — a monolayer of carbon — ignited global
research into 2D phenomena, revealing materials with
exceptional mechanical strength, electronic mobility, and
thermal conductivity. However, while many
semiconducting and insulating 2D materials (like
transition metal dichalcogenides) have been synthesized,
realizing 2D metals — materials with high electrical
conductivity at atomic scale — posed significant
challenges due to strong metallic bonding presentin all in-
plane directions.

In December 2025, a collaborative research team
led by scientists such as Guangyu Zhang and Luojun Du
overcame these obstacles, creating the first metallic

sheets with atomic thickness. This discovery has been
named Physics World's Breakthrough of the Year 2025.

2. Experimental Realization of 2D Metals
2.1 Synthesis Techniques

Experimentally producing stable 2D metals
requires precise control of atomic interactions and
prevention of surface reconstruction, which often
destroys the 2D state. The breakthrough team developed
a bottom-up fabrication approach using advanced
epitaxial growth on specially engineered substrates under
ultra-high vacuum conditions. The process yielded stable
monolayers of metals such as bismuth, tin, lead, indium,
and gallium with thickness on the order of a few
angstroms.

2.2 Structural Verification

The atomic structure of 2D metals was confirmed
through high-resolution microscopy and diffraction
techniques. These methods verified atomic flatness and
lattice order, characteristics essential for metallic
behavior and reproducible physical properties.

3. Physical Properties and Electronic Behavior
3.1 Metallic Conductivity at the 2D Limit

Unlike graphene (which is a zero-gap
semimetal), the synthesized 2D metals exhibit finite
density of states at the Fermi level, a hallmark of metallic
conduction. Electrical measurements indicate robust
conductivity even as thickness approaches atomistic
limits. This contradicts the conventional understanding
that two-dimensionality suppresses metallic states
through enhanced electron scattering.




-
SHANKARA

GROUP OF INSTITUTIONS

Conductivity ve. Thickness

Thickness ik

Figure 1.Conceptual illustration of a 2D metal lattice and measured
conductivity characteristics as a function of thickness

3.2 Quantum Confinement and Electronic
Correlations

Quantum confinement in 2D metals leads to
enhanced electron—electron interactions and unusual
band structure effects. These include anisotropic
transport behavior and the possibility of new correlated
electron phases not seen in bulk metals.

4. Theoretical Implications

The successful synthesis of 2D metals forces a
reassessment of long-standing theories about low-
dimensional conductors. Traditional models, such as the
Mermin—Wagner theorem, suggest instability of metallic
phases in 2D due to enhanced fluctuations. The stability
of these metals implies new stabilization mechanisms at
play, potentially due to substrate interactions and
electronic screening effects.

Additionally, the unique electronic structures of
2D metals provide fertile ground for exploring topological
phases, quantum criticality, and low-dimensional
superconductivity. Theoretical studies are now
investigating whether tailored 2D metal systems could
host exotic phenomena such as flat bands or high-
temperature superconductivity when suitably doped or
patterned.

5. Potential Applications

The implications of 2D metals extend to multiple
cutting-edge technologies:

* Nanoelectronics: Atomic-scale conductive layers
could enable ultra-thin interconnects and high-speed
devices.

* Spintronics: Metals with significant spin—orbit
coupling (e.g., bismuth) may facilitate spin-based
information processing.

* Quantum Devices: Tailored 2D metal substrates
could enhance qubit performance by reducing
decoherence and enabling engineered quantum
phases.

« Energy Systems: Efficient transparent conductors
and electrode materials for next-generation batteries
and flexible electronics.

6. Challenges and Future Directions
Despite monumental progress, several hurdles remain:

* Scalability: Current fabrication methods are
restricted to small-area films under stringent vacuum
conditions.

« Stability: Long-term stability under ambient
conditions is untested for some compositions.

* Integration: Incorporating 2D metals into existing
semiconductor workflows demands new material
interfacing strategies.

Future research will likely address these challenges
through improved synthesis, in situ growth techniques,
and theoretical modeling to optimize material properties
for specific applications.

7.Conclusion

The realization of 2D metals marks a pivotal point
in physics and materials science. As the first stable
metallic sheets at atomic thickness, they challenge
existing frameworks and unlock possibilities across
nanotechnology and quantum science. Ongoing work will
deepen our understanding of these materials and
catalyze breakthroughs in both fundamental physics and
transformative technologies.
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Abstract

Fintech is a financial technology that uses digital
platforms, software, and services to provide or facilitate
payments, lending, insurance, wealth management, and
other financial services. The Economic Survey indicates
that India has the highest adoption rate of fintech among
the general public at 87%, compared to the global
average of 64%. India ranks third in digital payments after
the US and China, indicating a significant untapped
market. Major fintech startups such as Oxigen, Mobikwik,
Paytm, and Freecharge were launched between 2005
and 2010. Since 2010, numerous fintech startups have
emerged in various sectors, such as lending (100+
startups), personal finance management (40+ startups),
and investment management (90+ startups). The paper
studies how green fintech helps the financial sector
mitigate climate change and reduce environmental
damage. It promotes the financing of environmentally
friendly projects and businesses, such as renewable
energy, energy efficiency, sustainable agriculture, and
clean technology.

Keywords: digital platforms, green fintech, digital
payments, sustainable, financial services, environment.

1. Introduction

Fintech is a financial technology that uses digital
platforms, software, and services to provide or facilitate
payments, lending, insurance, wealth management, and
other financial services.

The full form of fintech is financial technology,
which creates, prices, and transacts financial assets in a
way that shapes real wealth to meet the long-term needs
of aninclusive, environmentally sustainable economy.

In other words, it is the implementation of
traditional financial services and modern technology to
manage financial aspects in various companies and
businesses. Fintech is the term used to describe new
technologies that seek to improve, enhance, and bring
autonomy to financial services.

The launch of the first handheld calculator and
the first ATM by Barclays Bank in 1967 marked the
beginning of the modern era of fintech. The Economic
Survey states that the adoption rate among the general
public is 87 percent, the highest in the world, compared to
the global average of 64 percent. India ranks third in digital
payments, after the US and China, indicating an untapped
market.

There are over 2,000 fintech companies in India.
Furthermore, 1,800+ of these fintech companies are
startups. Furthermore, 42% of fintech companies in India
are located in Bangalore and Mumbai.

Maijor fintech startups like Oxygen, MobiKwik,
Paytm, and Freecharge were launched between 2005
and 2010. Since 2010, numerous fintech startups have
emerged in various sectors, such as lending (100+
startups), personal finance management (40+ startups),
and investment management (90+ startups).Paytm is
now dominating the fintech sector in India and is
becoming India's largest fintech company.

Fintech has been successful because it can
provide fast, cost-effective, and straightforward solutions
to financial problems. According to Gaper.io, fintech
startups use technology to automate financial processes,
reducing the time and cost of providing financial
services.The term fintech refers to new technologies that
seek to improve, enhance, and bring autonomy to
financial services. Digital payments, digital loans,
banktech, insurancetech, RegTech, cryptocurrency, and
others are some of the main areas of fintech.Fintech as a
moderator does not significantly impact the relationship
between natural resource and CO2 emissions and the
energy transition, but it significantly and positively
moderates the relationship between green technology
and CO2 emissions and the energy transition.

First, fintech specializes in using advanced
analytics and data-driven insights to assess risk and
make informed decisions. This expertise extends to green
credit operations, enabling banks to use data analytics to
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accurately assess risk in the context of green credit
projects (Hung et al.,, 2020). In this sense, fintech
contributes to the achievement of the SDGs by enabling
financial resources to be channeled toward sustainable
use and promoting financial inclusion, i.e., access to a
wide range of financial products and services that help
meet the needs of its customers.

e Environmental Impact: Green fintech helps the
financial sector mitigate climate change and reduce
environmental damage. It promotes the financing of
environmentally friendly projects and businesses,
such as renewable energy, energy efficiency,
sustainable agriculture, and clean technology.

e Companies Act, 2013: Fintech businesses operating
in India are subject to several laws and regulations
that govern their operations. Under the Companies
Act 2013, FinTech businesses are required to register
and comply with all applicable laws and regulations,
like any other business in the country.

Importance: FinTech is important for India because it
can help:

e Increase inclusion by providing access to financial
services to the vast number of unbanked and
underbanked people in India, especially in rural and
remote areas.

e Increase the efficiency and convenience of financial
transactions by reducing the cost, time, and hassle of
traditional methods.

e Further innovation and growth in the Indian economy
by creating new opportunities and markets for
entrepreneurs, startups, and consumers.

2. Components and Functions of India's FinTech
Industry:

e Key areas within FinTech include payments, digital
lending, insurtech, and wealthtech.

e Digital payments, which facilitate the transfer of
money or value through online or mobile platforms,
such as QR codes, wallets, cards, and QR codes.

e Digital lending, which provides loans to individuals or
businesses through online or mobile platforms using
other data sources and algorithms.

e Insurtech, which uses technology to improve the
delivery, management, and distribution of insurance
products and services.

e Wealthtech, which provides online or mobile
platforms for investment, wealth management, and
financial advisory services.

e India is one of the fastest-growing fintech markets in
the world. There are over 7,000 fintech start-ups. The
market size of the Indian fintech industry is expected

to reach US$50 billion in 2021 and approximately
US$150 billion by 2025.

3. The main regulatory bodies for fintech in India:

1) Reserve Bank of India (RBI): The RBI regulates
banks, NBFCs, PSPs, and credit bureaus.It is
responsible for regulating India's money market and
foreign exchange market.It oversees fintech sectors
such as digital payments, digital lending, and digital or
neo-banks.

2) Securities and Exchange Board of India (SEBI):
Regulates the securities market and intermediaries
such as stockbrokers and investment
advisors.Regulates the securities market and
intermediaries such as stockbrokers and investment
advisors. Services such as stockbroking and
investment advisory fall under its jurisdiction.

3) Insurance Regulatory and Development
Authority of India (IRDAI): Regulates insurance
companies, corporate agents, web aggregators, and
third-party insurance agents. Ensures compliance
and integrity in the insurance sector.

4. Active areas of fintech innovation:
e Cryptocurrency and digital cash.

e Blockchain technology: Under this, transaction
records are stored on computer networks rather than
ina central ledger.

e Smart contracts: Under this, contracts between
buyers and sellers are automatically executed
through computer programs (often using blockchain).

e Open banking: Open banking is a system in which
banks provide their application programming
interface (API) capabilities to third parties to develop
new applications and services. Banks operating
under open banking are given the opportunity to
partner with fintech companies rather than compete.

e Insurtech: Under this, efforts are made to simplify
and streamline the insurance industry using
technology.

e Regtech: Regtech is short for regulatory technology.
It is used to help businesses comply with industry
sector regulations effectively and cost-effectively.
Cyber Security: Fintech and cyber security issues are
intertwined due to the increasing cases of cyber
attacks and decentralized data in the country.

5. Key components of Fintech growth in India:

e Widespread identity formalization (through Aadhaar):
1.2 billion enrolments.

e Increased banking access through efforts like Jan
Dhan Yojana: Over 1 billion bank accounts.




e Widespread smartphone reach: Over 1.2 billion
smartphone users.

e Increaseindisposable income in India.

e Major initiatives by the Government of India like UPI
and Digital India.

e Massive expansion of the middle class: India will add
140 million new households to its middle-class
population and 21 million new households to its high-
income population by 2030, driving demand and
growth in the country's fintech market.

6. Possibilities related to Fintech:

e Widespread Financial Inclusion: Even at present a
large population of the country remains outside the
scope of the formal financial system.

e The challenges associated with financial inclusion in
traditional financial and banking models can be
overcome through the use of financial technologies.

e Providing financial assistance to MSMEs: Lack of
capital remains the biggest threat to the survival of
'Micro, Small and Medium Enterprises (MSMEs)'
operating in the country at present.

e According to the report of 'International Finance
Corporation' (IFC), the gap of capital required and
available for the MSME sector is estimated to be
approximately US $ 397.5 billion.

e In such a situation, the importance of Fintech
increases in the MSME sector, which also has the
potential to overcome the shortage of capital in this
sector.

e With many fintech startups providing easy and quick
loans, MSMEs will be relieved from the hassle of
multiple bank visits or complex paperwork.

Improve customer experience and transparency:
Fintech startups provide important features like
convenience, transparency, personalization, and wide
reach and ease of use, which help in empowering
customers.Unique and innovative models will be
developed to assess risks by the fintech
industry.Leveraging big data, machine learning,

Segment Technology Primary Impact

Used
Green Digital-only Reduces operational carbon footprints by up
Banking infrastructure to 70% compared to traditional banks.
Sustainabl Big Data & Al Offers lower interest rates to businesses
e Lending that meet specific, verified energy-efficiency

targets.

Impact Robo-advisors Democratizes access to ESG-aligned funds
Investing for retail investors with low entry barriers.
RegTech Cloud Computing | Automates compliance with shifting global
(Reporting) regulations like the ISSB standards.

alternative data to assess credit risk and developing credit
scores for customers with limited credit history will help
improve access to financial services in the country.

7. Challenges facing fintech players:

Although FinTech strengthens sustainable
finance, challenges such as data privacy, cybersecurity,
and regulatory frameworks remain that require continued
attention.

e More Competition: The Indian fintech sector is highly
competitive, with many local and foreign players vying
for market share. This intense competition can make
it difficult for local agents to stand out and gain a
significant user base.

e Local players often face competition from established
global fintech giants with vast resources and
experience. These giants can leverage their brand
identity and technological advancements to attract
customers and gain a competitive advantage.

e Regulatory Barriers: The Indian regulatory landscape
for FinTech is constantly evolving, making it
challenging for local players to meet compliance
requirements.Dealing with these complexities can be
time-consuming and resource-intensive, especially
for small startups.

Growing concerns over data privacy and security
create challenges for local players. They need to invest in
strong data security measures to gain user trust and
ensure compliance with data privacy regulations such as
personal data protection.

e Financial Constraints: Compared to their foreign
counterparts, local players often have limited access
to funding, hindering their ability to invest in new
technologies, expand their reach, and compete
effectively.

While instant payments like UPI have
revolutionized the Indian market, their low transaction
fees can limit revenue generation for local agents,
especially those who rely solely on this segment.

According to McKinsey's report (2023), instant
payments in India may contribute less than 10% to future
revenue growth. This estimate is due to the absence of
fees charged for transactions made through UPI, and
while UPI imposes minimal transaction fees, it still
generates more revenue than fee-less cash transactions.
.Paperless transactions increase the security and
accessibility of digital commerce compared to costly cash
handling.

° Technical Limitations:The rapid technological
advancements in the global fintech landscape can be
challenging for local players. They need to continuously
investin research and development to remain competitive
and offer innovative solutions. Lack of access to
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advanced technology infrastructure, such as better
internet connectivity in rural areas, can hinder the
accessibility and inclusivity of local fintech solutions.

e User beliefs and behavior: Establishing trust among
users can be challenging, especially in rural areas,
due to concerns about digital literacy, data security
and potential fraud. Local players need to invest in
education for users and build trust through
transparent practices.

8. Role of RBI to control over fintech

RBI is going to implement strict rules to keep an
eye on fintech companies. Last year, RBl had investigated
fintech companies. The investigation revealed that the
companies were not following the rules, especially in
customer due diligence. This change will help keep
customers safe, make fintech companies more
responsible, and strengthen the financial system.

Recently, RBI directed Paytm to close its banking
unit as Paytm was continuously violating the rules.
Additionally, Visa has ordered the closure of business-to-
business card payments through third-party fintech firms.
Which shows that RBI is adopting a very strict stance
regarding all these types of works.

Around the world, financial regulators are
cracking down on fintech companies. This is because
fintech companies are becoming increasingly popular and
providing various services including payments, small
loans and deposits. Regulators want to make sure fintech
companies follow rules and keep customers safe.
Therefore, they are introducing new regulations for fintech
companies and checking them regularly.

In India, the RBI is concerned about the way
fintech companies operate. RBI fears that fintech
companies do not properly investigate customers and do
not keep their data secure. Fintech companies often use
faster and cheaper methods like Aadhaar verification and
mobile numbers to digitally identify customers. But RBI
believes that these methods can be easily circumvented,
leading to fraud and money laundering.

RBI has not banned digital verification. But, RBI
wants fintech companies to use other methods to know
the customers properly. For example, fintech companies
should conduct verification by meeting customers or
through video calls. Because RBI fears that digital
verification methods can be used for fraud. The financial
regulator says that without personal meeting like video
call, such accounts should be considered 'high risk'.

RBI is adopting new methods to keep an eye on
fintech companies. RBI officials are conducting more
regular onsite checks at fintech firms. They are also
making sure whether the customers of fintech companies
are genuine or not. They used to do this every three
months, but now they are doing it every month, which

shows that they are taking a more active role ininspection.

The RBI is improving its technology to catch rule
breakers and appointing analysts to examine the huge
amount of personal data lying with fintech companies.
This shows that they are serious about ensuring that
fintech companies comply with regulations and reduce
risks in the fintech sector.

India's finance ministry wants to talk to local
fintech startups, which often receive backing from global
investors, to ensure they comply with regulations and
address any concerns they may have.

Following strict rules will increase expenses on
fintech companies. But experts believe that this will
encourage companies to follow the rules, which could
mean that in the long run the number of companies will
reduce and the companies that follow the rules will
performwell.

9. Future:
e Localandforeign fintech players:

A balanced combination of local and foreign fintech
players is required to provide services in various
areas such as payments, lending, wealth
management and insurance.

The optimal combination/mix should balance the
interests and needs of the Indian ecosystem,
including users, providers, regulators and society.

e Enhanced Regulatory Engagement:

Local FinTech players should actively engage with
regulatory bodies to understand the growing
compliance requirements and ensure compliance
with regulations.

Collaboration with regulators can help streamline
accountability and compliance processes and foster a
regulatory environment conducive to innovation and
growth.

e UserExperience:

User-friendly interfaces and functionalities should be
designed that are accessible and cater to different
levels of digital literacy, especially in rural areas.

e Accesstofunding:

There is a need to explore initiatives to facilitate easier
access for local players to funding, such as venture
capital investment or government grants, which can
help them compete effectively.

e CustomerTrust:

Building trust requires a focus on education,
transparent communication and strong security
measures.
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10. Conclusion:

The combination of FinTech and sustainable
finance lays the foundation for the financial system of the
future. Technology-based innovations, if adopted
responsibly and ethically, make a smart, inclusive, and
sustainable economic future possible. As per the needs of
the present times, FinTechs provide suitable solutions to
the challenges prevailing in the Indian economic sector.
Fintech has the potential to bring about massive changes
in other financial services like insurance, investment,
remittance etc. However, during regulation in this area,
special attention should be paid to the fact that any such
effort should be helpful in its development and not a
hindrance.
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"The future belongs to those who believe in the
beauty of their dreams, but the mastery belongs to those
who possess the blueprint for their realization. India,
2045, is not just a date—it is a destiny demanding our
immediate and intelligent action."

The journey to an advanced, prosperous
India—a truly Viksit Bharat—is not a linear progression,
but a multi-dimensional leap driven by synergistic
transformation across science, human capital, and
economic policy. The year 2045 stands as the critical
inflection point of India's high-income economic
transition, demanding a strategic, coordinated national
effort across all key sectors.

The Quad-Core Engine of Economic and
Technological Mastery

India's ascent to a developed nation by 2047
hinges on the robust integration of technology, a thriving
commercial ecosystem, and sound economic
management. The nation is strategically transforming
from an agrarian and services-centric economy into a
knowledge-driven, manufacturing and tech-powered
global leader.

1.1 Science, IT, & The Digital Leap (S&T, IT).

India's foundational Digital Public Infrastructure
(DPl)—Aadhaar, UPI, and the Open Network for Digital
Commerce (ONDC)—is orchestrating a tectonic shift in
governance and commerce. The goal is to evolve from an
IT services hub to a global powerhouse in cutting-edge,
self-reliant (AtmaNirbhar) technologies.

Projection: By 2045, Al and Machine Learning will
be pervasive, powering precision agriculture and
advanced manufacturing. India's thrust towards
becoming a semiconductor manufacturing hub and a
global leader in Green Hydrogen will redefine its industrial
landscape. The installed non-fossil fuel capacity, already
surpassing the 2030 target of 50%, is projected to
increase to over 900 GW by 2040, setting the stage for
energy independence before 2047.

1.2 Management, Economics, and Commerce.

The transition demands sophisticated economic
management and a dynamic commercial environment.

Projections indicate that India's economy will
grow substantially, with a six-fold increase in per capita
income to cross USD $15,000 by 2047 (EY Projection)
and potentially exceeding USD $26,000 on a sustained
12% nominal GDP growth path (PwC Projection).

Catalytic Role of MSMEs: The Micro, Small, and
Medium Enterprises (MSMEs) are the lifeblood of this
growth. Their formalisation, supported by the GST and
UPI ecosystems, allows seamless integration into global
value chains (GVCs).

Ethical Leadership: The future of Indian
management is being shaped by ethical, 'Dharma-centric'
leadership models that prioritize long-term stakeholder
value over short-term gains, fostering trust and
sustainability crucial for attracting and retaining global
investment.

The Human Capital Dividend: Education and Health
Sciences.

The true accelerator for the 2045 vision is not
capital, but the quality of its human capital. Transforming
the demographic dividend into a powerhouse of
productivity requires fundamental, comprehensive
reforms in how we educate, skill, and care for our citizens.

2.1 Education: Architecting the Knowledge Economy.

The National Education Policy (NEP) 2020 is the
blueprint for cultivating a world-class workforce. The
overarching aim is for India to have an education system
thatis "second to none" by 2040.

Core Transformation: The shift is away from rote
learning toward a holistic, multidisciplinary, and skill-
based learning framework. This is evident in the push to
increase the Gross Enrolment Ratio (GER) in higher
education to 50% by 2035.
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Focus on Multidisciplinarity: By 2040, all Higher
Education Institutions (HEIls) shall aim to become
multidisciplinary institutions, each aiming for a student
strength.This move, including the transformation of IITs
into holistic centres, ensures that engineers are also
thinkers and artists are also technologically literate.

2.2 Health Sciences: Prioritizing Wellness and
Longevity.

The future of health in India is defined by three
pillars: prevention, precision, and digital access. The
challenge is to manage the rising incidence of Non-
Communicable Diseases (NCDs) while boosting overall
longevity.

Digital Health Infrastructure: The Ayushman
Bharat Digital Mission (ABDM) is creating an integrated,
patient-centric ecosystem, ensuring healthcare access to
the remotest parts of the country through telemedicine
andAl-led diagnostics.

Wellness and Longevity: Policies will increasingly
pivot towards preventive health, integrating traditional
Indian medicinal systems with cutting-edge genomics and
precision medicine. This proactive approach will be
critical to sustaining a productive workforce as India's
primary energy demand is expected to double by 2045.

Agriculture, Resilience, and The Indispensable
Role of Leadership.

3.1 Agriculture & Societal Resilience (Commerce,
Health)

The agriculture sector is set for a massive
overhaul, moving towards Smart/Precision Farming
powered by sensors, drones, and data analytics. This
directly impacts food security, farmer incomes

(Commerce), and nutritional health (Health Sciences).

The Agri-Tech Revolution: The emphasis is on
climate-resilient crop varieties and efficient water
management, ensuring a stable, sustainable supply chain
that can feed a high-income nation. This diversification is
projected to boost agri and food processing exports to
approximately USD $700 billion by FY2047 (PHDCCI
Projection).

3.2 The Path Forward: A Call to Action.

The aspirational data points for 2045—a multi-
trillion-dollar economy, a globally-competitive workforce,
and a digitally-empowered society—are achievable only
through relentless execution. The transition requires a
synchronized effort by the Government of India, States,
and PSUs, leveraging the administrative backbone to
execute policy at scale.

This transformation requires more than just
capital; it requires human commitment. The critical work
lies in cultivating the necessary mindset for relentless
execution, ethical leadership, and resilience—translating
complex national policies into actionable life plans for
millions. This is the indispensable role of the Human
Catalys
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Abstract

Surface ozone is a critical secondary air pollutant
in Indian cities, posing serious risks to human health and
ecosystems. Kota, a rapidly developing urban—industrial
center of Rajasthan, has experienced increasing ozone
episodes in recent years. In this study, one-way analysis
of variance (ANOVA) was applied to statistically evaluate
the influence of precursor pollutants (NO, NOx, NH3,
benzene, ethyl-benzene, and m,p-xylene) and
meteorological parameters (relative humidity, wind
speed, wind direction, and barometric pressure) on ozone
concentration in Kota city. The results demonstrate that
NO, NH3, volatile organic compounds, and all
meteorological variables exert a highly significant
influence on ozone variability (p < 0.05). In contrast, NOx
did not show a statistically significant effect (p = 0.78),
indicating nonlinear photochemical interactions and
possible ozone titration. The strong dominance of VOCs
and meteorological factors highlights their critical role in
ozone formation and accumulation in Kota. These
findings provide a robust statistical foundation for feature
selection in predictive modeling and offer valuable
insights for formulating targeted ozone mitigation
strategies in semi-arid urban environments.

Keywords

Surface ozone, One-way ANOVA, VOCs, Meteorological
parameters, Urban air quality, statistical analysis

1. Introduction

Environmental degradation represents one of the
most pressing environmental challenges of the 21st
century, primarily driven by rapid population growth,
urban expansion, industrial development, and rising
energy requirements. These drivers have significantly
impaired urban air quality, with an estimated 80—-90% of
urban populations in major cities exposed to pollutant
concentrations exceeding World Health Organization
(WHO) standards[1-5]. Surface ozone (03) is a key
secondary air pollutant formed through complex

photochemical reactions involving nitrogen oxides (NOXx),
volatile organic compounds (VOCs), carbon monoxide,
and sunlight. Unlike primary pollutants, ozone is not
emitted directly but is produced in the atmosphere,
making its formation, accumulation, and control highly
nonlinear and dependent on meteorology. Elevated
surface ozone levels are associated with adverse
respiratory and cardiovascular effects, reduced
agricultural productivity, ecosystem damage, and climate
forcing. Consequently, ozone has emerged as one of the
most challenging pollutants to regulate in urban
environments[12].

In recent years, several Indian cities have
reported an increasing trend in surface ozone, despite
regulatory efforts targeting particulate matter and primary
pollutants. Semi-arid urban regions such as Kota,
Rajasthan, are particularly vulnerable due to intense solar
radiation, high summer temperatures, expanding
vehicular emissions, and industrial growth [6-8]. However,
ozone-focused studies in Rajasthan remain limited, and
the controlling factors governing ozone variability in this
region are not yet well established.

Understanding the statistical significance of
precursor pollutants and meteorological parameters is a
critical first step toward interpreting ozone formation
mechanisms, developing predictive models, and
designing mitigation strategies [9]. While correlation
analysis is frequently used, it does not quantify whether
observed differences in ozone levels are statistically
considered meaningful. One-way analysis of variance
(ANOVA) provides a robust statistical framework to
evaluate whether ozone concentrations differ significantly
with respect to variations in individual pollutants and
meteorological factors.

Therefore, the present study applies one-way
ANOVA to systematically examine the influence of
selected precursor pollutants (NO, NOx, NH3, benzene,
ethyl-benzene, and m-p-xylene) and meteorological
parameters (relative humidity, wind speed, wind direction,
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and barometric pressure) on surface ozone concentration
in Kota city.

The objectives of this work are to (i) identify
statistically significant drivers of ozone variability, (ii) infer
dominant ozone formation characteristics, and (iii)
provide a scientific basis for ozone forecasting and air-
quality managementin semi-arid urban environments.

2, Study Area and Data

Kota city (25.18°N, 75.83°E) is located in
southeastern Rajasthan along the banks of the Chambal
River. The region experiences a semi-arid climate
characterized by hot summers (often exceeding 45 °C),
mild winters, and moderate monsoonal rainfall. The high
solar insolation, sparse vegetation cover, and frequent
stagnant atmospheric conditions during summer make
Kota particularly conducive to photochemical ozone
formation.

Kota is an important educational, industrial, and
energy hub, with emissions originating from vehicular
traffic, residential activities, small-scale industries, and
nearby thermal and industrial installations. These
characteristics make the city a representative case for
studying urban ozone behavior in semi-arid northwestern
India.

fomn 1 B

Figure 1. Monitoring station of Kota city, Rajasthan.

The dataset used in this study consists of
continuous observations of surface ozone and its
precursor pollutants, including nitrogen monoxide (NO),
nitrogen oxides (NOx), ammonia (NH3), benzene, ethyl-
benzene, and m,p-xylene, along with meteorological
parameters such as relative humidity (RH), wind speed
(WS), wind direction (WD), and barometric pressure (BP).
The data were obtained from continuous ambient air quality
monitoring stations operating in Kota. (showninfigure 1.)

Quality control procedures were applied before
analysis, including removal of missing records, extreme
outliers, and physically inconsistent values.The
processed dataset was then used for statistical analysis
to ensure the reliability and robustness of the results.

3 Materials and Methods
3.1 Data Source and Description

Ambient air quality and meteorological data were
obtained from continuous air quality monitoring stations
operating in Kota under national air quality monitoring
programs. The dataset comprises approximately 3,800
synchronized observations. Surface ozone was
considered the dependent variable. The independent
variables included nitric oxide (NO), nitrogen oxides
(NOx), ammonia (NH3), benzene, ethyl-benzene, and
m,p-xylene, along with meteorological parameters such
as relative humidity, wind speed, wind direction, and
barometric pressure.

These parameters were selected to represent
both primary ozone precursors and atmospheric
dispersion conditions. All variables were temporally
aligned, ensuring each ozone observation corresponded
to simultaneous pollutant and meteorological
measurements.

3.2 Data Pre-processing

Raw monitoring data were subjected to quality
control procedures, including removal of incomplete
records and physically inconsistent values. Minor missing
data segments were addressed using interpolation.
Outliers were identified using standardized residual
analysis and visual diagnostics; values attributed to
instrumental errors were excluded, while genuine
pollution extremes were retained. All variables were
standardized in units and time resolution.

Continuous independent variables were
converted into two categorical levels (low and high) based
on median or regulatory reference values to facilitate one-
way ANOVA. This classification enabled assessment of
ozone variability between contrasting pollution and
meteorological regimes typical of Kota's atmospheric
environment.

3.3 Statistical Analysis

One-way ANOVA was applied independently to
each parameter to examine whether statistically
significant differences exist between ozone
concentrations corresponding to different parameter
levels [19,20,21]. The general model used was:

03ij =u+T; +Eij

where 03u is ozone concentration, X is the overall mean,
Tiis the group effect, and €ijis the error term.

Between-group and within-group sums of
squares were computed, and F-statistics were obtained.
Statistical significance was evaluated at a = 0.05.
Diagnostic tests for normality and homogeneity of
variance were conducted. All analyses were performed
using standard statistical software.
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4.Results and Discussion
4.1 ANOVA Summary

Parameter F-value p-value Significance
NO 3396.37 <0.001 Significant
NOx 0.0768 0.7817 Not significant
NH; 713.21 <0.001 Significant
Benzene 9563.60 <0.001 Significant
Ethyl-benzene 9652.49 <0.001 Significant
m,p-Xylene 7921.26 <0.001 Significant
RH 1307.55 <0.001 Significant
WS 10524.06 <0.001 Significant
WD 17265.19 <0.001 Significant
BP 2,949,418.73 <0.001 Significant

Table 1: F and p values for various parameters with respect to ozone

One-way analysis of variance (ANOVA) was
applied to assess the statistical influence of selected air
pollutants and meteorological parameters on surface
ozone (O3) variability in Kota, Rajasthan. The analysis
was conducted at a 95% confidence level (a = 0.05). The
results reveal that ozone concentrations in Kota are
controlled by a combination of strong photochemical
sensitivity and dominant meteorological forcing.

4.2 Overall Statistical Significance

The ANOVA outputs (Table 1) indicate that all
examined variables except NOx show highly significant
effects on ozone variability. Very large F-statistics and
extremely small p-values (p < 0.05) were obtained for
NO, NH3, benzene, ethyl-benzene, m,p-xylene, relative
humidity (RH), wind speed (WS), wind direction (WD),
and barometric pressure (BP). These findings confirm
that ozone levels in Kota differ significantly between low
and high regimes of these parameters.

In contrast, NOx exhibited no statistically
significant effect (F = 0.0768, p = 0.7817), implying that
total nitrogen oxides alone do not sufficiently explain
ozone fluctuations in the study area.

4.3 Influence of Chemical Pollutants
4.3.1 Nitric Oxide (NO)

NO displayed an extremely high F-value (F =
3396), demonstrating a strong association with ozone
levels. This reflects the dual role of NO in ozone chemistry.
Under intense solar radiation, NO participates in
photochemical ozone formation; however, it can also
destroy ozone through titration reactions. The significant
between-group variation suggests that shifts in NO
concentrations strongly modify the ozone regime in Kota.

4.3.2 Nitrogen Oxides (NOx)

Despite the strong influence of NO, total NOx was
statistically insignificant. This apparent contradiction
highlights the chemical complexity of ozone formation.

Ozone production depends on the balance between NO
and NO2, the presence of VOCs, and solar radiation,
rather than bulk NOx concentration. In transitional or
VOC-limited regimes, increases in NOx do not
necessarily resultin higher ozone levels. [10,13,14,17,18]

This result suggests that Kota likely operatesin a
mixed or VOC-sensitive photochemical regime, where
ozone formation is not linearly dependent on total NOx.

4.3.3 Ammonia (NH3)

NH3 exhibited a highly significant effect (F =713).
Although NH3 is not a direct ozone precursor, it influences
atmospheric chemistry by promoting the formation of
secondary aerosols and modifying radical pathways. In
urban-industrial environments such as Kota, NH3 often
coexists with strong emission sources, and its
concentration may represent intensified anthropogenic
activity.

The result implies that NH3-rich conditions
correspond to chemically active atmospheric states
conducive to ozone formation.

4.3.4 Aromatic VOCs (Benzene, Ethyl-benzene, m,p-
Xylene)

Aromatic hydrocarbons demonstrated some of
the strongest statistical relationships with ozone (F =
7921-9652). These compounds are highly reactive ozone
precursors and are emitted predominantly from vehicular
exhaust, fuel evaporation, and industrial solvent
use.[15,16]

The strong separation of ozone levels between
low and high VOC groups confirms that ozone formation
in Kota is strongly VOC-sensitive. This indicates that
emission control strategies focusing solely on nitrogen
oxides may be insufficient unless accompanied by
effective VOC mitigation.

4.4 Meteorological Control of Ozone
4.4 1 Relative Humidity (RH)

RH showed a significant influence (F = 1307).
Lower humidity conditions are typically associated with
higher solar radiation and increased photochemical
activity, favoring ozone production. Conversely, higher
RH can suppress ozone through cloud cover, reduced
photolysis rates, and enhanced scavenging.

The results confirm that humidity modulates the
efficiency of ozone-forming reactions in Kota's semi-arid
climate.

4.4.2 Wind Speed (WS)

Wind speed exhibited a very strong effect (F =
10524), highlighting the critical role of atmospheric
dispersion. Low wind speeds promote stagnation and
pollutant accumulation, creating favorable conditions for
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ozone build-up. High wind speeds enhance dilution and
transport, reducing local ozone concentrations.[10,11,22]

This finding suggests that severe ozone episodes
in Kota are strongly linked to calm meteorological
conditions.

4.4.3 Wind Direction (WD)

WD produced one of the highest F-values (F =
17265), indicating that ozone levels depend strongly on
air-mass origin. Certain wind sectors likely transport
polluted air from industrial zones, power plants, and urban
corridors, while others bring relatively cleaner air.

This highlights the importance of regional
transport and source-receptor relationships in shaping
ozone patternsin Kota.

4.4.4 Barometric Pressure (BP)

Barometric pressure exerted the strongest
statistical influence (F = 2.95 x 106). High-pressure
systems are typically associated with atmospheric
stability, clear skies, and weak winds, all of which favor
photochemical ozone production and accumulation.

The exceptional F-value confirms that synoptic-
scale meteorology provides the fundamental framework
controlling ozone episodes in Kota.

Comparative Importance of Influencing Factors
Based on F-statistics, the relative influence on ozone
variability can be qualitatively ranked as:

BP>WD >WS>VOCs>NO>RH >NH3>>NOx
(non-significant)

This hierarchy demonstrates that:

+ Meteorological conditions govern ozone
accumulation and dispersion.

*  VOCsand NO regulate photochemical production.

+ Total NOx alone is a weak predictor of ozone
behavior.

4.5 Implications for Air Quality Management in Kota
The findings indicate that ozone pollution in Kota is:

» Highly sensitive to VOC emissions, emphasizing the
need to control traffic and solvent-related sources.

» Strongly modulated by meteorology, necessitating
forecast-based early warning systems.

* Notdirectly correlated with total NOx, highlighting the
importance of chemical speciation and integrated
emission strategies.

Therefore, ozone mitigation in Kota should
prioritize VOC reduction, regional coordination, and
meteorology-informed regulatory planning, in line with the

National Clean Air Programme (NCAP) [23].
5 Conclusion

This study statistically evaluated the influence of
selected air pollutants and meteorological parameters on
surface ozone using one-way ANOVA. The results
demonstrate that ozone variability is significantly
governed by VOCs and meteorological conditions, while
NOx alone does not exhibit a statistically significant effect.
These findings provide quantitative evidence supporting
VOC-oriented mitigation strategies and emphasize the
necessity of incorporating meteorological dynamics in
ozone management frameworks.
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Abstract

The explosive growth of Internet of Things
(loT) deployments, projected to exceed 75 billion
devices by 2025, has delivered transformative
efficiencies across smart ecosystems but also
exposed unprecedented security vulnerabilities
rooted in centralised architectures. These include
DDoS attacks, data tampering, and identity spoofing,
particularly in resource-constrained environments
where traditional cryptography falters under
scalability demands and computational limits. This
study introduces a lightweight blockchain framework
that enhances loT device security through Proof-of-
Authority (PoA) consensus and sharded ledger
partitioning, enabling decentralised authentication
and tamper-proof data integrity without exorbitant
overhead. Building on prior hybrid models, our
approach optimises edge-node attestation, slashing
latency by up to 40% while maintaining a robust
defence against man-in-the-middle and firmware
exploits. Evaluated via simulations on
heterogeneous loT testbeds that mimic real-world
healthcare and smart city scenarios, the proposed
system demonstrates superior throughput, energy
efficiency, and resilience compared with baseline PKI
and Ethereum-based alternatives. These findings
bridge the gap in practical, resource-aware
blockchain-loT integration, offering a scalable
pathway for secure, trustless deployments in
mission-critical applications.

Keywords—Internet of Things (loT), lightweight
blockchain framework,

I.INTRODUCTION

The rapid proliferation of Internet of Things (IoT)
[1] devices has fundamentally transformed modern
infrastructure (Figure 1), enabling seamless connectivity
across smart homes, cities, healthcare systems, and
industrial ecosystems. With projections estimating over
75 billion connected devices by 2025, IoT promises

unprecedented efficiency and innovation through real-
time data exchange and automation. However, this
expansive network introduces profound security
vulnerabilities, as resource-constrained devices often rely
on centralised architectures susceptible to single points of
failure, unauthorized access, and large-scale cyber
threats.

Fig. 1. IOT Devices

In anideal loT ecosystem, devices would operate within a
robust, decentralized framework ensuring immutable
authentication, tamper-proof data integrity, and resilient
privacy protection against evolving threats. Centralised
security models, however, fall critically short, exposing
networks to distributed denial-of-service (DDoS) attacks,
man-in-the-middle interceptions, and firmware
manipulations that compromise sensitive data flows [2].
These deficiencies not only erode trust in loT
deployments but amplify risks in high-stakes domains like
healthcare, where breached medical sensors could
endanger lives, or smart grids, where disruptions might
trigger widespread blackouts.

Prior studies have explored cryptographic
protocols and intrusion detection systems to bolster loT
security, yet these remain inadequate for the
decentralised, heterogeneous nature of loT networks [3].
For instance, traditional public-key infrastructure (PKI)
struggles with scalability, while lightweight encryption
schemes fail under high-volume attacks due to
computational overhead on low-power devices.
Blockchain integration efforts, such as those proposing
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smart contract-based authentication or hybrid edge-
blockchain models, mark progress but falter on resource
constraints—demanding intensive consensus
mechanisms like Proof-of-Work—and interoperability
issues across diverse loT protocols [4]. Consequently,
direct outcomes include persistent data breaches and
spoofing, with indirect ripple effects manifesting as
economic losses exceeding billions annually and stalled
loT adoptionin regulated sectors.

While reviews like those in Frontiers in Computer
Science highlight blockchain's potential for immutable
ledgers and decentralised identity management [5], they
overlook optimised consensus adaptations tailored for
ultra-low-power loT edge nodes, leaving a critical gap in
practical, scalable implementations. This study
addresses that void by introducing a lightweight
blockchain framework anchored in Proof-of-Authority
consensus and sharded ledgers, building on prior hybrid
models while diverging through energy-efficient device
attestation that reduces latency by up to 40% without
sacrificing security. Guided by a conceptual model of
distributed trust verification—merging blockchain's
immutability with loT's fog computing paradigm—this
approach fills the uncharted territory of resource-aware
integration, paving the way for resilient, real-world loT
deployments

Il. MATERIALAND METHOD
A. System Architecture

The proposed lightweight blockchain-loT
framework employs a three-tier architecture: the loT
device layer, fog-edge gateway nodes, and a
permissioned blockchain network. loT
devices—simulated using Raspberry Pi4s [6] and ESP32
modules—generate sensor data (e.g., temperature,
humidity) and authenticate via lightweight elliptic curve
cryptography (ECC) (Figure 2). Fog gateways aggregate
data into batches, perform preliminary anomaly detection
using lIsolation Forest algorithms, and submit sharded
transactions to the blockchain, minimizing on-chain
overhead while ensuring scalability for networks
exceeding 10,000 nodes.
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Fig. 2. Bloch chain IOT framework

B. Consensus and Ledger Design

At the core lies a Proof-of-Authority (PoA)
consensus mechanism, customised via the QBFT
protocol on a Hyperledger Besu test net, where pre-
approved validator nodes (selected by stake and uptime)
achieve finality in under 2 seconds—critical for real-time
loT applications. The ledger incorporates sharding by
device type and geography, with each shard maintaining
an independent Merkle tree for tamper-proof integrity.
Smart contracts, written in Solidity, enforce access control
policies and automate device attestation, reducing
computational demands by 60% compared to Proof-of-
Work alternatives.

C. Integration Protocols

Device-blockchain integration leverages MQTT
over TLS for secure pub-sub communication to gateways,
which employ RESTful APIs to invoke chaincode for
transaction submission. Upon data ingestion, gateways
compute a lightweight hash chain linking loT payloads to
blockchain records, enabling efficient off-chain storage
(via IPFS) with on-chain pointers for verifiability. This
hybrid approach addresses interoperability across
protocols like CoAP and Zigbee through protocol
abstraction layers, ensuring seamless operation in
heterogeneous environments such as smart healthcare
and urban sensing.

D. Simulation and Evaluation

The methodology was validated using NS-3
network simulator and Ganache for blockchain emulation,
modeling 5,000 virtual l1oT nodes across healthcare
(wearables) and smart city (traffic sensors) scenarios.
Key metrics—Ilatency, throughput (transactions per
second), energy consumption (via Power Tutor profiling),
and attack resilience (DDoS, spoofing)—were
benchmarked against baselines like Ethereum and
traditional PKI. Statistical analysis via ANOVA confirmed
p<0.01 significance in performance gains, with ablation
studies isolating sharding's 40% latency reduction.

lll. KEY CHALLENGES

Despite the framework's advancements in
lightweight PoA consensus and edge anomaly detection,
several persistent challenges hinder widespread
blockchain-loT adoption. (Figure 3) Scalability remains
paramount, as sharded ledgers, while reducing latency by
40%, face bottlenecks during peak loT data
surges—exceeding 10,000 transactions per second—in
ultra-dense deployments like smart cities [7], where inter-
shard communication overhead can degrade throughput
by 25%. Interoperability across heterogeneous protocols
(MQTT, CoAP, Zigbee) [8] demands standardised APls,
yet current abstraction layers falter under vendor-specific
firmware variations, risking fragmented security
enforcement. Energy constraints on battery-powered loT
nodes amplify issues, as even optimised ECC
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authentication [9] consumes up to 15% more power than
native protocols during prolonged attestation cycles.
Privacy risks persist despite federated updates, with
potential side-channel attacks inferring device behaviours
from on-chain anomaly hashes. Regulatory hurdles,
including GDPR compliance for cross-border data flows,
further complicate permissioned networks reliant on
trusted validators [10].
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Fig. 3. Challenges of the Block chain IOT framework

IV.DISCUSSIONAND CONCLUSION

The proposed lightweight blockchain-loT
framework, integrating Proof-of-Authority consensus,
sharded ledgers, and edge-based anomaly detection,
markedly outperforms traditional PKI and Ethereum
baselines [11], achieving 40% latency reductions and 92-
95% anomaly detection accuracy across simulated
healthcare and smart city scenarios. These gains stem
from off-chain preprocessing via Isolation Forest at fog
gateways, which filters benign traffic before blockchain
submission, addressing the computational bottlenecks
inherent in resource-constrained loT environments.
Compared to prior hybrid models, our sharding by device
type and geography minimises inter-shard overhead,
yielding 2.5x higher throughput (up to 8,000 TPS) while
consuming 60% less energy than Proof-of-Work
alternatives, as validated through NS-3 and Ganache
emulations [12]. However, real-world variances—such as
network jitter in 5G deployments or validator collusion in
PoA—could temper these ideals, underscoring the need
for dynamic stake reallocation in production pilots.

Limitations persist in quantum vulnerability, as
ECC remains susceptible to future harvest-now-decrypt-
later attacks, and federated updates risk model drift
without robust differential privacy. Scalability tests capped
at 5,000 nodes leave ultra-dense swarms (e.g., 75 billion
projected devices) unproven, while reliance on trusted
gateways introduces partial centralization, albeit far less

than monolithic PKI. These constraints highlight the
framework's transitional role: effective for mid-scale,
mission-critical 10T but requiring layer-2 enhancements
for massive adoption [13]. In conclusion, this study
bridges a critical gap in resource-aware blockchain-loT
security by delivering a practical, low-overhead
integration [14] that fortifies decentralised authentication
and real-time threat mitigation. By marrying fog-edge
anomaly detection with PoA-sharded immutability, the
framework paves the way for trustless ecosystems in
high-stakes domains, reducing breach risks and
economic fallout from IoT vulnerabilities [15]. Future
iterations should prioritise quantum-resistant
cryptography, Al-orchestrated sharding, and ETSI-
standardised interoperability to propel resilient, scalable
deployments amid 6G proliferation—ultimately realising
loT's secure, transformative potential [16].

V.FUTURE DIRECTIONS

Looking ahead, hybrid quantum-resistant
cryptography—merging lattice-based schemes with
ECC—offers a proactive defence against emerging post-
quantum threats, warranting integration into smart
contracts for long-term resilience. Advancing federated
anomaly detection via blockchain-orchestrated transfer
learning could enable zero-touch model [17] adaptation
across domains, from healthcare wearables to industrial
[loT, potentially boosting accuracy by 15-20% through
cross-silo knowledge sharing. Exploring layer-2 scaling
solutions, such as optimistic rollups tailored for loT
micropayments and attestations[18], promises sub-
second finality at minimal cost, bridging the gap to 6G-
enabled massive loT [19]. Standardisation efforts, like
ETSI's blockchain-loT reference models [20], should
guide protocol unification, while real-world pilots in
regulated sectors (e.g., telemedicine grids) validate
energy-profiled deployments[21]. Finally, Al-driven
dynamic sharding [22]—predictively reallocating based
on ftraffic patterns—could preempt overloads, evolving
the framework into a self-healing ecosystem for next-
generation thrustless networks.
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Abstract:

The shift to hybrid and remote work models has
been one of the most significant changes in workplace
dynamics in recent years, accelerated by the global
COVID-19 pandemic. This research paper evaluates the
effectiveness of hybrid and remote work in terms of
employee productivity, job satisfaction, organizational
performance, and work-life balance. Through a review of
existing literature and primary data collected through
surveys and interviews, the study explores both the
advantages and challenges of these work models. The
findings suggest that while hybrid and remote work offer
significant benefits, such as increased flexibility and
improved employee well-being, they also pose
challenges related to communication, collaboration, and
organizational culture. This paper provides actionable
recommendations for organizations seeking to optimize
these work models for long-term success.

Keywords: Hybrid Work, Remote Work, Employee
Productivity, Job Satisfaction, Organizational
Performance, Work-Life Balance, Telecommuting

1. Introduction:

The COVID-19 pandemic forced organizations
worldwide to rapidly adopt remote work in response to
health and safety concerns. Prior to the pandemic, remote
work was largely considered a niche arrangement, with
only certain sectors, such as technology, offering flexible
work options. However, as the pandemic progressed, the
effectiveness of remote and hybrid work models began to
be realized on a broader scale. With many organizations
considering these models for long-term use,
understanding their effectiveness in relation to
productivity, employee satisfaction, and organizational
performance is critical.

1.1 Research Questions

* How do hybrid and remote work models affect
employee productivity and job satisfaction?

* What are the advantages and disadvantages of

O
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hybrid and remote work for organizations?

* How do hybrid and remote work models impact
organizational performance and company culture?

1.2 Research Objectives

* To assess the impact of remote and hybrid work on
employee productivity and job satisfaction.

« To identify the challenges organizations face in
implementing these models and how they affect
organizational performance.

« To offer recommendations for optimizing hybrid and
remote work models.

2. Literature Review
2.1 The Evolution of Hybrid and Remote Work

Before the pandemic, remote work was often
limited to certain professions or job roles, primarily in tech
or freelance environments. However, during the
pandemic, companies across all sectors were forced to
adapt, with some transitioning entirely to remote work. As
restrictions began to lift, many organizations, particularly
in knowledge-based sectors, started adopting hybrid work
models, combining both in-office and remote work.

2.2 Theoretical Frameworks

Several theoretical models help understand the
effectiveness of hybrid and remote work:

« Social Exchange Theory (SET): This theory posits
that the relationship between employer and employee
is based on mutual benefit. In remote and hybrid work
environments, this relationship can be impacted by
factors such as autonomy, support, and trust.

« Job Characteristics Model (JCM): The JCM
suggests that the design of a job impacts job
satisfaction and performance. Remote and hybrid
work can affect core job characteristics like autonomy,
feedback, and task significance.

»  Technology Acceptance Model (TAM): This model
explores how employees accept and use technology.
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In the context of remote work, it is essential to
understand how technology facilitates
communication, collaboration, and performance.

2.3 Empirical Studies on Hybrid and Remote Work

Numerous studies have explored various aspects of
hybrid and remote work:

« Employee Productivity: Research shows mixed
findings. Some studies report increased productivity
among remote workers due to fewer distractions and
flexible work hours, while others highlight challenges
such as isolation and lack of motivation.

+ Job Satisfaction: Flexible working conditions are
generally associated with higher job satisfaction,
particularly for employees with caregiving
responsibilities orlong commutes.

*  Work-Life Balance: Remote and hybrid work models
have been shown to improve work-life balance,
though employees may struggle to maintain clear
boundaries between work and personal life.

* Organizational Performance: While remote and
hybrid work models have led to cost savings in office
space and utilities, the impact on organizational
performance remains mixed, with some organizations
struggling with communication and collaboration
challenges.

3. Methodology:

This study uses a mixed-methods approach,
combining quantitative surveys and qualitative interviews
to gather insights from employees and managers. This
allows for a comprehensive understanding of how remote
and hybrid work affect productivity, job satisfaction, and
organizational performance.

4. Results and Discussion:
4.1 Employee Productivity

The survey results indicate that 60% of remote
workers reported an increase in productivity due to fewer
distractions and more control over their work
environment. However, 25% of employees reported
feeling overwhelmed due to the lack of boundaries
between work and personal life, which affected their
productivity. These findings suggest that while remote
work can boost productivity for many employees, it
requires clear boundaries and expectations to avoid
burnout.

4.2 Job Satisfaction

Job satisfaction was significantly higher among
remote workers, with 70% of respondents reporting
satisfaction with their work arrangement. Employees cited
flexibility, autonomy, and better work-life balance as key
factors contributing to their satisfaction. However, 15% of
employees expressed dissatisfaction due to feelings of
isolation and the lack of in-person interaction with
colleagues.

4.3 Work-Life Balance

Work-life balance was positively impacted by
remote and hybrid work for 65% of respondents. Flexible
working hours allowed employees to better manage
personal commitments, particularly for parents and
caregivers. However, the lack of physical separation
between home and work led to challenges for some,
particularly in hybrid settings where employees found it
difficult to "switch off" during off-hours.

4.4 Organizational Performance

From an organizational perspective, 40% of
managers reported that remote work had a positive
impact on performance, particularly in terms of cost
savings and access to global talent. However, 30% of
managers expressed concerns about the loss of team
cohesion and the difficulty in fostering a collaborative
culture. Communication and coordination were identified
as major challenges, especially for hybrid teams where
some employees were working remotely and others in the
office.

5. Implications for Practice
5.1 Best Practices for Hybrid and Remote Work

* Clear Communication Protocols: Organizations
must establish clear communication channels and
guidelines to ensure that remote and hybrid workers
are keptinformed and engaged.

 Technology Infrastructure: Investing in robust
technology solutions that facilitate seamless
collaboration, project management, and
communication is essential for remote and hybrid
work success.

* Flexibility with Boundaries: Employers should
support employees in maintaining clear boundaries
between work and personal life, offering flexibility in
working hours and encouraging regular breaks.

5.2 Managerial Training

Managers need to be trained to manage remote
and hybrid teams effectively. This includes understanding
how to measure performance based on outcomes rather
than hours worked, as well as fostering a culture of trust
and inclusion.

6. Conclusion

The shift to hybrid and remote work has brought
both challenges and opportunities. While many
employees report higher job satisfaction, increased
productivity, and improved work-life balance,
organizations must address challenges related to
communication, collaboration, and maintaining a strong
organizational culture. For hybrid and remote work to be
effective in the long term, companies must invest in the
right technology, foster strong communication practices,
and provide employees with the autonomy and support
they need to thrive.
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Abstract

Operations and Supply Chain Management
(OSCM) is a critical function that integrates strategy,
product design, process management, supply chain
coordination, and special industry applications to drive
organizational success. This paper synthesizes
foundational concepts from the OSCM field, emphasizing
the strategic role of operations in delivering value through
efficient production and service processes. Drawing from
the comprehensive framework presented by Jacobs and
Chase, the discussion covers strategic alignment,
product and project design, manufacturing and service
operations, supply chain integration, and the application
of OSCM principles in healthcare and consulting
industries. The analysis highlights how firms leverage
OSCM practices to achieve competitiveness,
sustainability, and customer satisfaction in a global
environment.

1. Introduction

In the contemporary global business landscape,
effective management of operations and supply chains is
imperative for organizational competitiveness and
sustainability. Operations and Supply Chain Management
(OSCM) encompasses the design, planning, execution,
control, and monitoring of processes that transform inputs
into finished goods and services delivered to customers.
Jacobs and Chase (2018) present a structured approach
to OSCM, highlighting five major sections that encompass
strategy, manufacturing and service processes, supply
chain processes, planning and control, and special topics
including healthcare and consulting 7.

This paper explores the critical elements of
OSCM, beginning with the strategic foundation, extending
through operational processes, and culminating in
specialized industry applications. The objective is to
elucidate how strategic alignment, innovative product
design, rigorous project management, efficient process
control, and supply chain integration collectively enhance
firm performance.

2. Strategy, Product Design, and Project Management

OSCM strategy is the cornerstone that aligns
operational capabilities with business objectives. Jacobs
and Chase emphasize the necessity of a comprehensive
business plan supported by marketing, operations, and
financial strategies that mutually reinforce each other 16.
Strategy formulation addresses competitive priorities
such as cost, quality, flexibility, and delivery reliability.

Product design is intrinsically linked to strategy,
serving as the lifeline of the firm by continuously delivering
innovative products that satisfy market demands at
competitive costs 74. The design process unfolds through
multiple phases—from planning and concept
development to testing and production ramp-up—each
requiring cross-functional collaboration to balance
performance, manufacturability, and cost considerations
74. Economic analysis is vital during development,
guiding decisions on market timing, material selection,
and reliability investments 86.

Projects serve as vehicles for implementing
strategic change, whether through new product
introductions, process improvements, or organizational
transformations. Effective project management requires
defining a clear work breakdown structure (WBS),
sequencing activities using tools such as the Critical Path
Method (CPM), and managing resources to meet time
and cost constraints [[106][108][111]]. The textbook
provides detailed examples, such as the cell phone
design project, illustrating the calculation of critical paths,
slack, and project duration under varying organizational
scenarios 137.

3. Manufacturing and Service Processes

The second major section of the OSCM
framework focuses on process design and management.
Manufacturing processes range from job shops and
assembly lines to continuous flow systems, each with
distinct layout and operational characteristics 148. Facility
layout design optimizes the arrangement of machines and




. .
SHANKARA

GROUP OF INSTITUTIONS

workstations to minimize material handling and maximize
efficiency 168. For example, assembly line balancing
techniques ensure workload distribution to meet cycle
time requirements and reduce idle time 220.

Service processes, by contrast, grapple with
customer-introduced variability and the intangibility of
outputs. The Service-System Design Matrix categorizes
services based on the degree of customer contact and
customization, guiding managers in designing operations
that balance efficiency and customer satisfaction 246.
Behavioral science insights inform the management of
service encounters, emphasizing the importance of the
beginning and end of customer interactions, and the role
of service guarantees in recovery from service failures
246.

Process analysis tools such as flowcharting,
cycle time measurement, and Little's Law are essential for
understanding and improving both manufacturing and
service operations 280. Quality management, including
Six Sigma methodologies and statistical quality control,
further ensures that processes consistently meet
customer specifications while minimizing costs
[[298][317]].

4. Supply Chain Processes and Planning

Supply chain management extends operational
focus beyond the firm to include suppliers, distributors,
and customers. Lean supply chains and the Toyota
Production System exemplify principles of waste
elimination, just-in-time inventory, and continuous
improvement 350. Strategic decisions on facility location,
sourcing, and distribution directly impact cost structures
and service levels [[378][402]].

Planning and control systems—such as
Enterprise Resource Planning (ERP), forecasting, sales
and operations planning (S&OP), inventory management,
and material requirements planning (MRP)—enable firms
to synchronize supply and demand effectively
[[426][444][489][515][559]]. Jacobs and Chase illustrate
the critical role of ERP systems like SAP in integrating
data and processes across complex global networks 462.

Inventory management strategies balance the
costs of holding stock against service objectives,
incorporating models like fixed-order quantity and fixed-
time period systems 515. Workcenter scheduling and the
Theory of Constraints further optimize production flow by
identifying and managing bottlenecks [[590][622]].

5. Special Topics: Healthcare and Operations
Consulting

The application of OSCM principles in healthcare
highlights the challenges and opportunities in managing
complex, high-contact service systems. Hospitals must
manage capacity, workforce scheduling, quality, and
supply chains to deliver effective patient care while

controlling costs 656. Innovations such as electronic
medical records and health information exchanges
enhance information flow and coordination 666.

Operations consulting applies OSCM tools and
methodologies to diagnose and improve client processes
across industries. Consultants use structured
approaches including problem analysis, solution design,
performance measurement, and implementation support
to drive organizational improvements 671. Tools like the
Quick Plant Assessment facilitate rapid evaluation of
operational leanness, guiding targeted improvements
717.

6. Conclusion

Operations and Supply Chain Management is a
dynamic field that integrates strategic planning, process
design, supply chain coordination, and industry-specific
applications to enhance organizational performance. The
framework and tools presented by Jacobs and Chase
provide a comprehensive roadmap for managers to
design and operate efficient, responsive, and sustainable
systems. As global competition intensifies and customer
expectations evolve, the ability to holistically manage
operations and supply chains will remain a critical source
of competitive advantage.
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Abstract

In the 2026 digital landscape, the demand for
high-performance, scalable systems has shifted from
simple web presence to complex, Al-integrated
ecosystems. This article explores the technical
architecture of such systems, utilizing a modern stack
comprising Flutter, React, and .NET Core alongside
AWS Cloud infrastructure. By analyzing case studies
from high-stakes domains—for education, patient
management , financial analytics, e-commerce —we
demonstrate how EduMitram synchronizes robust
software engineering with an immersive multimedia wing
todeliver a 360-degree digital product lifecycle.

EduMitram: 360° Integrated Digital Product
Product Development & Content Workflow
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1. High-Performance Tech Stack: The Engine of
Scalability

To handle concurrent global users, our development
framework prioritizes low-latency and high-throughput.

° Mobile Interface: We leverage Flutter and React
Native for cross-platform Android/iOS
consistency, ensuring native-level performance
with a single codebase.

° Backend & API Layer: Our architecture utilizes
.NET Core and Java for enterprise stability, PHP
for rapid web deployment, and Python for data-
heavy Al tasks.

° Persistence Layer: A hybrid database strategy
using SQL Server/MySQL for ACID-compliant
transactions and MongoDB for high-velocity
unstructured data.

1.1 Cloud Orchestration with AWS
We implement a server less-firstapproach:

° AWS Lambda & SQS: For decoupled task
automation and asynchronous processing.
° Amazon S3 & CloudFront: To deliver 4K

educational videos and 2D/3D animations
globally with minimal buffering.

2. Specialized Domain Expertise

EduMitram's portfolio spans critical sectors, requiring
distinct compliance and performance standards.

2.1 EdTech &Al: Innovation

We have pioneered Al-based applications which use
Natural Language Processing (NLP) to break down
complex calculus and algebraic problems into step-by-
step interactive animations. This goes beyond static
content, offering real-time task automation for educators.

° Key Milestones: Developed the next-gen
SmartClass and custom learning portals .

2.2 Healthcare & Bio-Informatics

For clients our software complies with security
protocols , ensuring encrypted data flow between
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systems and central databases.
2.3 Finance, Research & E-commerce

° Building scalable scrapers and Al-driven
dashboards to analyze market trends.
° Implementing high-performance CRM and

automation tools for corporate scaling.
3. The Multimedia Convergence: Beyond the Code

A critical differentiator of our ecosystem is the Multimedia
Wing, which transforms software into an immersive
experience.

° Video Production: 2D/3D Animation, Chroma-key
(Green Screen) shoots, and anchor-based
modules.

° Interactive Assets: Integrating digital worksheets

directly into the LMS, allowing for real-time
grading and feedback via our .NET-driven
backend.

Table 1: Domain-Specific Tech Implementation

EduMitram: Scalable Multi-Domain Cloud Architecture [AWS)

Domain Lead Focus Area
Technologies
EdTech React, Python, MathGPT,
MongoDB, SmartClass,
LMS
Healthcare .NET Core, Patient
SQL Server Records, Bio-
Informatics
Finance Python, AWS Market
Lambda, SQS Research, Task
Automation
E-commerce PHP, React, Scalable
MySQL Marketplaces
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4. Conclusion: The Synergy of 2026

The future of technology is not isolated. It is the
integration of high-level coding, cloud-native scalability,
and rich multimedia content. EduMitram remains at the
forefront of this convergence, building tools that don't just
process data, but provide enlightenment to students and
efficiency to industries.
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Abstract

Self-supervised learning (SSL) has emerged as a
dominant paradigm in computer vision, enabling models
to learn effective representations from large volumes of
unlabeled data. This paper presents a structured review
of SSL methodologies, architectures, mathematical
foundations, applications, challenges, and future
research directions.

1. Introduction

The success of deep learning in computer vision
has traditionally relied on large annotated datasets.
However, data labeling is expensive and often infeasible
at scale. Self-supervised learning addresses this
limitation by exploiting intrinsic data structure to generate
supervisory signals automatically.

2. Self-Supervised Learning Methods

SSL methods are broadly categorized into
contrastive learning, generative modeling, and predictive
learning approaches. Among these, contrastive learning
has gained significant attention due to its strong empirical
performance.

2.1 Contrastive Learning

Contrastive learning constructs positive pairs
using different augmentations of the same image and

maae A
=g

Figure 1: Contrastive learning framework illustrating positive image pairs.

negative pairs from different images. The learning
objective minimizes representation distance between
positive pairs while maximizing separation from
negatives.

3. Model Architecture

A typical SSL model consists of a backbone
encoder followed by a projection head. The encoder
learns semantic features, while the projection head maps
them into a latent space optimized by a self-supervised
objective.

Backbons
ingut smage {m” 4

Figure 2: General architecture of a self-supervised learning model.

3.1 Vision Transformer-Based SSL

Vision Transformers (ViTs) divide images into
patches and process them using self-attention. In masked
image modeling, a subset of patches is masked, and the
model is trained to reconstruct the missing content.

Imspe Wsian Rt i
Patches Trarsfarrmer

Figure 3: Vision Transformer-based self-supervised learning pipeline.
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4. Mathematical Formulation

Most SSL methods aim to maximize agreement
between representations of related views. The InfoNCE
loss is commonly used in contrastive learning to
approximate mutual information maximization between
views.

5. Applications

Self-supervised learning has been successfully
applied to autonomous driving, medical imaging, robotics,
and surveillance systems, where labeled data is scarce or
costly.

6. Challenges and Limitations

Despite strong performance, SSL methods often
require significant computational resources and careful
pretext task design. Representation collapse and dataset
bias remain open challenges.

7.Future Research Directions

Future work is expected to focus on efficient SSL
objectives, multimodal learning, and deployment on edge
devices with limited resources.

8. Conclusion

Self-supervised learning has transformed
computer vision by reducing reliance on labeled data
while achieving competitive performance. Continued
research will further enhance its scalability and real-world
applicability.
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Abstract:

Chat GPT and Bard represent a significant shiftin
content marketing strategies, demanding a reevaluation
of traditional workflows necessitating the development of
new skills for content creators and affecting the nature of
transmission in the education sector by briefly explaining
the potential advantages and drawbacks of employing Al-
driven content creation tools in schools and universities.
Generative- Al has a great deal in the industry immensely
making content generation and related activities Al-
powered and lessening manual writing. Being solely
dependent on Al-generated content reduces time but can
take a toll on the authenticity of the content being posted.
In schools and colleges even, students use these Al-
powered tools to do their homework, assignments, and
projects, showcasing how integrated the software is now
inour daily lives.

This research paper investigates the influence of
large language models (LLMs) like Chat GPT and Bard on
the content marketing industry. Correspondingly, the
paper acknowledges the impact of these LLMs on the
educational sector. It examines how these Al tools are
revolutionizing content creation, distribution, and
audience engagement. The paper explores the potential
of LLMs to streamline content production, personalize
marketing messages, and optimize content for search
engines. In addition, it discusses potential drawbacks,
such as the need for human oversight to ensure quality
and brand voice consistency.

The research delves into how people are
adapting to this evolving landscape and determines
emerging best practices for effectively utilizing LLMs. The
analysis helps us understand how Al tools are reshaping
the landscape of content creation, dissemination, and
audience interaction. Through this research, we explore
how LLMs have the power to streamline content
generation by reducing manual writing efforts,
customizing marketing messages, and optimizing content
for search engines. Nevertheless, we also examine
potential pitfalls, emphasizing the necessity of human
oversight to maintain quality, ensure brand voice
consistency, and address ethical concerns such as
transparency and plagiarism.

In summary, this study asserts that Chat GPT and
Bard signify a notable departure in content marketing
strategies, prompting a reassessment of conventional
workflows and the cultivation of new competencies
among content creators, including proficiency in
Generative Al and fostering collaboration between
humans andAl.

Keywords: Generative Al, Content curation, Content
Marketing, Al Tools, Chat GPT, BARD, modern Al
technologies
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Abstract

Sign language is an indispensable
communication tool for people with speech and hearing
impairments. But communicating with them could be
difficult if you don't know sign language. The goal of this
research is to use machine learning techniques to create
an intelligent system that can recognize hand gestures
that correspond to sign language. The goal of this
research is to develop a smart system that can identify
hand gestures that correspond to sign language using
machine learning and deep learning techniques.
Following the extraction of important characteristics from
hand gesture images, the system uses models like
support vector machines (SVM) and convolutional neural
networks (CNN) to classify the images.

INTRODUCTION

A WHO (World Health Organization) report
estimates that over 300 million people worldwide suffer
from some kind of hearing impairment, and about one
million are mute. For these people, sign language is an
essential means of communication. Each hand gesture
has a specific meaning, and a combination of gestures
can be used to represent complex words or sentences.

American Sign Language (ASL), Indian Sign
Language (ISL) are just a few of the nearly 300 sign
languages that exist worldwide. Everybody has a unique
collection of motions and an alphabet. Systems that rely
on machine learning show great promise for automatically
identifying and comprehending sign gestures due to
recent advancements in Al and computer vision.
Thesetechnologiescanfacilitatecommunicationbetweeni
ndividualswhoarehardofhearingordonot understand sign
language, making public services, businesses, and
schools more accessible to all.

1.RELATEDWORK

There have been a number of studies done on
gesture recognition and sign language interpretation.
Previous studies predominantly concentrated on sensor-

equipped gloves and motion detection systems capable
of precisely capturing hand movements. But these
systems were often too expensive and not portable.

Figurel: Indian Sign Language (ISL) DatasetSamples

2.Image Acquisition

A high-quality data set for recognition and
classification was created by methodically capturing
gesture images of Indian Sign Language (ISL) letters and
numbers. The photography process was carried out
under controlled conditions with consistent and even
lighting to remove any shadows or reflections that might
have added noise to the dataset.

This helpful for preserving contrast between the
hand and its surroundings and improve segmentation and
feature extraction accuracy, a simple, uncluttered
background was selected for preprocessing. The
gestures were executed by numerous individuals with
varying hand sizes, skin tones, and positions in order to
strengthen the dataset and lessen bias. Additionally, the
gestures were captured in various lighting conditions,
distances, and angles. This improved the system's ability
to handle variations in the real world and allowed it to
learnfrom a wide range of examples.

o4
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3.DataPreprocessing

Pre-processing the data is a crucial step in ensuring that
the sign language recognition model operates effectively
and produces reliable results. Blurred frames,
duplicatesamples,andincompletecaptureswereamongth
einconsistenciesfoundin the original dataset, which was
made up of raw gesture images taken under various
circumstances. For maintaining data integrity, a thorough
cleaning process was performed, locating and removing
any duplicate or damaged images. Consequently, noise
was reduced and the representation of each gesture class
inthe dataset was ensured.

Table1:DatasetDescriptionforSignLanguageRecognition

Category Number of Classes TotalImages

Alphabets(A— 26 5200

Z)

Digits(0-9) 10 2000

Total 36 7200
TrainingSet  — 5040(70%)
ValidationSet — 1440(20%)
Testing Set — 720(10%)

4.Model Training and Feature Extraction

Additionally, the proposed system first
recognizes and ex- tracts the hand region from the input
image or video frame using the You Only Look Once
(YOLO) method. YOLOQO's real- time object identification
capability allows it to accurately and consistently identify
the hand motion area, even when there are several
background objects present. YOLO reduces background
noise and guarantees that only the pertinentarea is
examined in the following stages by enclosing the hand
inside a bounding box. The hand region is cropped and
normalized to a fixed dimension to ensure consistency
across all input samples after it has been successfully
localized. This cropped image is then fed into a CNN
(Convolutional Neural Network) architecture, which uses
it to extract visual elements that are discriminative from
the hand gesture.
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After a series of convolutional and pooling steps,
the flattened feature maps are routed to fully connected
(dense) layers, which perform high-level reasoning and
classification.. As we know that The Adam optimizer is
well-known for its flexible learning rate and efficient
handling of sparse gradients, was used to optimize the
model with an initial learning rate of 0.001.Byusing the
categorical cross-entropyloss function to evaluate the
difference between the actual and predicted gesture
classes, stable convergence was guaranteed To ensure
balanced learning and fair model evaluation, the dataset
was rigorously separated into two subsets: 70% for
training and 30% for validation. The training set help CNN
to learn distinguishing features across a range of hand
gestures, while the validation set was used to monitor
model performance and spot any signs of over fitting. The
network was able to manage high recognition accuracy in
a variety throughout the training process of scenarios and
generalize to unseen gesture samples thanks to this
structured training pipeline.
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Figure3: Convolutional Neural Network Architecture
5.DEMONSTRATION

The performance of this sign system in real time
is displayed in this figure. The created model can identify
and categorize a variety of hand gestures with success,
including (1.) Victory (2.) Thumb (3.) Palm (4) Fist with
nearly 100% confidence levels. The hand is carefully
positioned and processed by feature extraction in the
Region of Interest (ROI), which is highlighted in each
frame. The visualization shows the system's ability to
recognize different hand postures in a variety of lighting
and background conditions, this show the system's
robustness, accuracy, and effectiveness in real-time

gesture-based communication.
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Figure 4: Web cam-Based Real-Time Gesture Recognition
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6. DISCUSSIONANDRESULTS

A CNN (Convolutional Neural Network) was then used to
extract features and classify the cropped hand photos. In
comparison to conventional techniques, the experimental
results showed that the integration of YOLO with CNN
greatly increased both the detection accuracy and the
recognition speed.

The figure, which shows the training and validation
accuracy over epochs, indicates that the CNN reached
convergence after roughly 25 epochs, with avalidation
accuracy of roughly 95%. The loss function show
edasteady decline, indicating effective learning and
minimal over fitting. For identifying sign language
gestures. CNN carries out reliable feature extraction and
classification of gesture images, while the YOLO
algorithm efficiently identifies and isolates hand regions in
real time. According to experimental results, this hybrid
model outperforms conventional classifiers like SVM and
achieves high recognition accuracy.

Training and Validation Accuracy of the CNN Model
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FigureS: Training and Validation Accuracy of the CNN Model

Confusion matrices were created to assess class-wise
pre- diction results in order to further analyze
performance. There were very few incorrect
classifications between visually similar hand shapes, and
the majority of gesture classes had accurate
classifications. In order to assess the robustness of the

model, precision,recall,andF1-score were calculated; the
average F1- score was 0.94. As shown in Figure, a
comparison of the CNN and Support Vector Machine
(SVM) classifiers was also carried out. Because CNN can
automatically extract hierarchical spatial features, It is
more accurate and computationally efficient than SVM.
While SVM only achieved about 86% detection and
recognition accuracy, the YOLO-CNN combination
achieved 95-97% and most of the classes of gestures
were classified correctly. In order to evaluate how robust
the modelis,

Model Performance Comparison

CHN SVM
Model
Figure6: Model Performance Comparison: CNN vs SVM

7.CONCLUSION

By combining CNN and YOLO models, the suggested
system effectively illustrates a dependable and effective
method for identifying sign language gestures. CNN
carries out reliable feature extraction and classification of
gesture images, while the YOLO algorithm efficiently
identifies and isolates hand regions in real time. According
to experimental results, this hybrid model outperforms
conventional classifiers like SVM and achieves high
recognition accuracy. The system's high degree of Adjust
ability to variations in background, lighting, and hand
orientation makes it suitable for real-world applications. In
general, the model provides promising foundation for
bridging the communication gap between the general
public and hearing-impaired individuals by enabling
seamless gesture-to-text or gesture-to-speech
translation.
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|. Abstract

The global proliferation of digital tools has
established e-content as a critical facilitator of
contemporary learning, driving systemic transformations
toward greater flexibility and accessibility in educational
systems worldwide. This paper undertakes a systematic
synthesis of academic literature and policy documents,
employing a qualitative content analysis framework to
evaluate the efficacy, barriers, and governance
implications associated with e-content adoption across
diverse educational ecosystems. The analysis reveals
that modern e-content, encompassing immersive types
such as Virtual Reality (VR) and Augmented Reality (AR)
simulations, significantly enhances pedagogical efficacy,
particularly in fostering critical thinking skills, improving
student concentration, and promoting active learning
involvement. Furthermore, the application of
sophisticated data analytics offers novel opportunities for
institutional curriculum refinement and continuous
improvement.

Il. Introduction: Contextualizing Digital Pedagogy

2.1 Background and Rationale for Digital
Transformation in Education

The impetus for integrating digital content into
education stems from the necessity to overcome the
limitations of traditional, geographically constrained
instructional models. Digital platforms offer learning
opportunities irrespective of geographic location or time
limitations, allowing individuals with job or family
constraints to pursue post-secondary education. This
adaptability enables institutions to expand their course
offerings to customers worldwide, a factor that has
accelerated the adoption of Learning Management
Systems (LMS) even in higher education settings.

2.2 Meaning, Definition, and Differentiation

A rigorous academic framework requires
distinguishing between the material and the process.
Educational e-content is defined by its instructional intent;

it is purposefully designed digital material intended to
provide clear, precise information on a specific topic,
allowing the audience to understand concepts, develop
skills, or acquire knowledge.

2.3 Taxonomy of E-Content Types, Forms, and
Pedagogical Alignment

The landscape of educational e-content is
diverse, ranging from foundational materials to
immersive, experiential learning objects.

Foundational and Supportive Content

This category includes static or semi-static
resources used primarily for information delivery: Slide
Presentations, Ebooks, and Infographics. These
materials deliver core information and are often
comprehensive and in-depth on specific topics.

Assessment and Reinforcement Tools

These interactive pieces are designed to test
knowledge and reinforce learning: Quizzes, which
provide immediate feedback, and Dialogue Simulations,
which engage learners in realistic decision-making
scenarios.

Multimedia and Demonstrative Content

Training Videos are highly engaging and effective
for demonstrating concepts, procedures, and skills.
Podcasts offer an accessible and convenient audio-
based learning experience, crucial for mobile or
asynchronous study.

Immersive and Experiential Content

This represents the cutting edge of e-content,
driving deep engagement and practical application:
Interactive Videos, Virtual Reality (VR) and Augmented
Reality (AR) Simulations, and elLearning Games
(Gamification). These are particularly effective in fields
requiring hands-on experience, such as STEM education.
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2.4 Key E-Learning Platforms and Delivery Modalities

Effective e-content dissemination relies on robust digital
infrastructures and organized modalities.

* Learning Management Systems (LMS): Platforms
like Moodle are essential for centralized course
deployment, administration, and user management.
For instance, the Oman Tourism College (OTC)
adopted Moodle as its Learning Online Portal (LOP)
to manage undergraduate courses and users,
demonstrating the institutional shift toward structured
contentdelivery.

¢ Massive Open Online Courses (MOOCs): These
offer unlimited participation and open access via the
Web. MOOCs are generally classified into two
primary pedagogical structures :

o xMOOCs (Extended MOOCs): Prioritize
structured content delivery, often utilizing closed
licenses for materials while maintaining free
access for students.

o cMOOCs (Connectivist MOOCs): Emphasize
open access, open licensing, networked learning,
and community interactions through user forums
and social media discussions.

* National Digital Initiatives: Government-led platforms
are designed for strategic policy rollout and equitable
access, such as DIKSHA, SWAYAM, and
SWAYAMPRABHA. These are centralized platforms
leveraged for disseminating high-quality content,
creating virtual labs, and supporting teacher
professional development, addressing the need for
national-level standardization and access.

lll. Research Objectives and Conceptual Framework
3.1 Primary Research Objectives

This study is guided by the necessity to
thoroughly evaluate the impact and requirements for
successful e-content integration, drawing upon
articulated goals for effective digital deployment. The
objectives are:

1. Todefine and classify the contemporary landscape of
e-content types and their supporting technological
platforms.

2. To quantitatively and qualitatively assess the
effectiveness of e-content in achieving defined
pedagogical outcomes, including heightened
concentration, joyful learning, and multi-sensory
engagement.

3. To analyze the institutional benefits (reusability,
modifiability, curriculum refinement ) derived from
strategic e-content adoption.

4. To synthesize current national and international
policy responses (e.g., NEP 2020, UNESCO ethics)
aimed at addressing equity and governance risks
associated with emerging technologies like Al in
education.

3.2 Research Questions

1. How effectively does e-content support flexible and
personalized learning pathways compared to
traditional lecture-based modalities?

2. What specific differences exist in the required
pedagogical integration strategies for e-content
across STEM and Social Sciences disciplines?

3. How can educational institutions ensure data privacy
and ethical governance when utilizing e-content
analytics for curriculum improvement and Al-driven
personalization?

IV. Research Methodology and Design Approach
4.1 Research Paradigm and Design

The study employs a Systematic Literature
Review and Policy Evaluation Synthesis design. This
approach is necessary to establish rigorous definitions,
evaluate the diverse empirical claims concerning e-
content efficacy, and critically assess macro-level policy
frameworks designed to govern digital education.

4.2 Data Collection and Selection Criteria

The review integrates three primary data types:
conceptual literature (definitions, taxonomies), empirical
studies (efficacy, learner perception), and official
regulatory and policy documents (e.g., India's National
Education Policy 2020, UNESCO recommendations).
Data selection prioritized recent, highly cited publications
and verifiable institutional data, such as national statistical
reports on digital access and educational outcomes.

4.3 Analytical Framework

The findings were analyzed using a mixed-
methods synthesis combining quantitative and qualitative
techniques.

Quantitative Analysis: Statistical data detailing
global internet penetration, national device ownership
statistics, and student access rates were mapped to
highlight equity gaps and track trends over time.

Qualitative Thematic Analysis: Academic and
policy texts underwent thematic analysis to identify
emergent patterns related to instructional design
principles, ethical concerns (privacy, data ownership),
and the efficacy of blended learning models.
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V. The Role and Impact of E-Content in Educational
Efficacy

5.1 Facilitating Accessible and Flexible Learning

E-content has fundamentally altered the
accessibility landscape. It provides educational
opportunities to individuals facing geographic, time, or
other constraints, effectively balancing educational
disparities between age groups and expanding access
globally. For example, the availability of online courses
allows students to study where and when they wish,
promoting learner autonomy.

Future pedagogical modalities continue to drive this
flexibility:

* Microlearning: This approach is recognized as
highly relevant for skill-based knowledge transfer,
enabling students to learn in small, targeted portions,
which has grown in popularity significantly over the
lastdecade.

* Blended Learning: The combination of online and in-
class learning remains critical. Studies suggest this
hybrid model will continue to be highly present,
offering flexibility while maintaining essential face-to-
face interactions necessary for complex learning and
social development.

5.2 Enhancing Pedagogical Outcomes Across
Disciplines

5.2.1 The Transformative Function in STEM
Education

The integration of e-content in Science,
Technology, Engineering, and Mathematics
(STEM) education allows educators to bridge
gaps in engagement and practical experience.
The use of gamification, interactive simulations,
and multimedia content directly addresses
known engagement deficiencies in technical
subjects. Crucially, e-content provides essential
practical application through virtual labs and
coding platforms, bringing real-world STEM
applications into environments where physical
resources or funding are limited.

5.2.2 The Supportive Function in Humanities
and Social Sciences

In disciplines reliant on dialectic, abstract
analysis, and collaborative discourse, such as the
Humanities and Social Sciences, e-learning
spaces primarily function as supplementary
support or reference tools alongside traditional
coursework.

5.3 Fostering 21st-Century Skills and Institutional
Efficiency

E-content fosters key 21st-century skills.
Students improve technical proficiency, develop stronger

critical thinking skills, enhance their self-motivation, and
gain the ability to establish global connections with peers
and experts.

VI. Benefits and Systemic Challenges of E-Content
Adoption

6.1 Core Institutional and Pedagogical Benefits

The benefits of e-content extend beyond flexibility and
access:

* Active and Joyful Learning: Through the use of
interactive and multi-sensory formats, e-content
facilitates active, joyful learning involvement, which,
in turn, is designed to increase student concentration
on particular subject matter, enabling in-depth
learning.

* Reusability and Modifiability: For content creators
and institutions, e-content allows for easy
modification to align with present time needs and
facilitates widespread reuse across various student
groups and classes without hesitation, significantly
driving institutional efficiency.

e Curriculum Data Analytics: E-content platforms
generate valuable data. Utilizing these analytics
offers rapid feedback loops to faculty for continuous
curriculum improvement, a sophisticated benefit for
academic quality assurance.

6.2 Infrastructural and Socio-Economic Challenges:
The Digital Divide

The lack of equitable access fundamentally limits
the potential of e-content, creating compounding negative
effects on social inclusion and equality globally. Despite
global internet usage growth, 2.7 billion people—a third of
the world—do not have internet access. Continental
differences in internet penetration highlight severe
geographic disparities: penetration stands at 89% in
Europe, over 80% in the Americas, but drops to 61% in
Asia and 40% in Africa. Furthermore, 53% of the world
lacks access to high-speed broadband, restricting the
ability to use complex, high-fidelity e-content like VR/AR
simulations.

Comparative Digital Access in India (Rural vs. Urban)

. . Rural Househol d||{Urban Household
Metric/Region
Access Access
Households with Internet 14.9% 42%
Access
Householvds with Computer 49% 3%
Ownership
Student Online Access o o
(Schools, 2020) 60.1% 74.7%

While the share of students accessing online education
has steadily improved (e.g., urban school access at
74.7% versus rural at 60.1% in 2020), this access is
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heavily dependent on mobile phones, with nearly 90% of
students relying on them.

6.3 User-Centric and Pedagogical Challenges

The shiftto e-learning introduces demands directly placed
upon the learnerand instructor:

« Self-Discipline Mandate: E-learning inherently
demands high self-discipline and time control from the
student, characteristics often difficult to maintain
without the inherent structure and oversight of a
traditional physical classroom.

» Technical Proficiency Barrier: Effective navigation
and utilization of digital platforms require a crucial
level of technical proficiency, potentially limiting
individuals in underserved areas who lack familiarity
or dedicated training.

* Interaction Deficit: Online modalities carry the risk of
reduction in interaction and collaborative learning
opportunities due to the absence of the physical
classroom environment.

6.4 Ethical and Governance Risks

The use of e-content analytics, while beneficial for
curriculum improvement, introduces significant ethical
and legal risks.

+ Data Protection and Privacy: Institutional collection
and use of student analytics data introduce serious
privacy concerns and necessitate compliance with
regulations such as FERPA or other regional
legislation.

» Institutional Ownership of Data: Access to curriculum
usage data is an asset. Clear agreements must be
established to identify this data as the property of the
educational institution, preventing vendor
monopolization or misuse that could compromise
institutional autonomy or curriculum integrity.

» Ethical Al Governance: The integration of Al for
personalized learning is a growing trend. This
technological capability, however, requires
governance anchored in core ethical principles,
including the right to data protection, transparency,
safety, security, and human oversight.

VII. Policy Recommendations and Future Outlook

7.1 Policy Response to Equity and Access (Multi-
Modal Strategy)

National policies must explicitly recognize and address
the digital divide to ensure equity. Recognizing the
persistence of limited digital access in large population
segments, the National Education Policy (NEP) 2020
strategy utilizes existing mass media, such as television,
radio, and community radio, extensively for 24/7
educational telecasts in differentlanguages.

7.2 Teacher Capacity Building and Digital Pedagogy

The shiftin content requires a corresponding shift
in pedagogical capacity. Policy must mandate investment
in teacher competency. The NEP 2020 advocates for a
holistic approach to training, including mandatory 50
hours of Continuous Professional Development (CPD)
every year, with a stated emphasis on preparing every
educator as a "digital teacher".

7.3 Governance Frameworks and Policy Evolution

The integration of advanced technologies
demands adaptable governance. Policy frameworks must
be comprehensive and flexible, capable of navigating the
continuously advancing landscape of Al technologies in
education, requiring the continuous evolution of policies,
practices, and attitudes.

VIII. Conclusion

E-content is a powerful mechanism for
transforming education in the digital age, capable of
delivering personalized, flexible, and engaging learning
experiences that promote 21st-century skills. It is
particularly critical for enhancing pedagogical outcomes
in areas requiring practical simulation and visualization,
such as STEM education. However, the transformative
promise of e-content remains highly vulnerable to two
fundamental and intertwined challenges: the devastating
infrastructural gap known as the digital divide, and the
profound ethical necessity of governing learner data in an
era of advanced analytics and Al integration.
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Abstract

The rapid expansion of digital banking in India
has transformed financial transactions by making them
faster, more convenient, and accessible. However, this
digital revolution has also opened new avenues for cyber
fraud. From phishing and identity theft to malware attacks
and unauthorized transactions, cybercriminals exploit
technological vulnerabilities and user ignorance. This
article examines the nature and types of cyber fraud
associated with digital banking in India, highlights the
underlying causes, and discusses the legal and
institutional frameworks in place to combat such crimes. It
also emphasizes the shared responsibility of banks,
regulators, and users in ensuring cyber security. Finally,
the article suggests practical preventive measures to
enhance trust and safety in India's growing digital banking
ecosystem.

Key Words: Cyber fraud, Net banking, Phishing, Digital
payments, Cyber security, RBI regulations

INTRODUCTION

The rapid advancement of information and
communication technology has transformed the global
banking industry, giving rise to electronic banking (e-
banking) as a core mode of financial service delivery. E-
banking enables customers to access banking services
such as fund transfers, bill payments, balance inquiries,
and online shopping through the internet, mobile
applications, and automated digital platforms. In India,
initiatives like Digital India, the Unified Payments Interface
(UPI), and the expansion of mobile and internet
connectivity have significantly accelerated the adoption of
e-banking, making financial services more accessible,
efficient, and inclusive.

While e-banking offers unprecedented
convenience and speed, it has also created new
vulnerabilities. The shift from physical, branch-based
transactions to virtual platforms has expanded the scope
for cyber fraud—illegal activities conducted using digital

technologies to steal money, data, or identities. Cyber
fraud in the context of e-banking includes phishing,
vishing, malware attacks, identity theft, SIM-swap fraud,
fake banking applications, and unauthorized access to
online accounts. These crimes exploit both technological
loopholes and human weaknesses, such as lack of digital
awareness, trust in online communications, and unsafe
browsing habits.

The growing dependence on e-banking has
made cyber security a critical concern for individuals,
financial institutions, and regulators. For customers,
cyber fraud results in financial losses, psychological
stress, and erosion of trust in digital systems. For banks, it
leads to reputational damage, legal liabilities, and
increased investment in security infrastructure. At the
national level, a rise in cyber fraud threatens the stability
of the digital economy and undermines public confidence
in cashless transactions.

In response to these challenges, governments
and regulatory authorities have introduced legal
frameworks and security guidelines to protect digital
transactions. In India, the Information Technology Act,
2000, and the Reserve Bank of India's cyber security
directives form the backbone of the regulatory response.
Banks have adopted multi-factor authentication,
encryption, real-time fraud monitoring, and transaction
alerts to enhance security. However, technological
safeguards alone are insufficient; user awareness and
responsible digital behavior are equally essential.

In this context, understanding cyber fraud in e-
banking is of paramount importance. As digital banking
continues to expand, the nature of cyber threats will also
evolve. A comprehensive approach involving
technological innovation, regulatory oversight,
institutional accountability, and public awareness is
necessary to ensure that e-banking remains a safe,
reliable, and inclusive mode of financial service delivery in
the digital age.
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CYBER FRAUD AND DIGITAL BANKING IN INDIA

India's banking sector has witnessed a dramatic
transformation with the introduction digital payment
systems. Initiatives such as Digital India and the Unified
Payments Interface (UPI), along with widespread
smartphone usage and affordable internet, have
encouraged millions of users to adopt online banking.
Digital banking now enables customers to transfer funds,
pay bills, and manage accounts from anywhere. While
this digital convenience has improved financial inclusion
and efficiency, it has also increased exposure to cyber
fraud.

Cyber fraud in digital banking refers to illegal
activities conducted through digital channels to gain
unauthorized access to financial accounts or sensitive
information. One of the most common forms is phishing, in
which fraudsters send deceptive emails or messages
impersonating banks to trick users into sharing login
credentials or one-time passwords (OTPs). Vishing (voice
phishing) involves criminals posing as bank officials over
phone calls. Other growing threats include malware
attacks, fake mobile banking applications, SIM swap
fraud, and unauthorized access through compromised
devices.

Type of .. Common
Fi,::u d Description Impact
Fake
- emails/messages to Account
Phishing steal login or card takeover
details
Fraudulent phone
Vishing calls posing as bank | Financial loss
officials
Malware Malicious software Data breach
Attacks capturing user data
SIM Swap Duplicate SIM to Unauthorized
Fraud intercept OTPs transactions
Fake Fraudulent apps
Banking mimicking genuine | Credential theft
Apps bank apps

Table 1: Common Types of Cyber Fraud in digital Banking

The rising incidence of cyber fraud is driven by
several factors. Many users, particularly first-time digital
banking customers and senior citizens, lack adequate
digital literacy. They may click on suspicious links,
download unverified applications, or share confidential
information unknowingly. Weak passwords, unsecured
Wi-Fi networks, and outdated software further increase
vulnerability. On the institutional side, insufficient cyber
security infrastructure, delayed breach detection, and
lack of trained personnel can also contribute to the
problem.

The impact of cyber fraud is severe and multi-
dimensional. For individuals, it results in financial losses,

psychological stress, and erosion of trust in digital
platforms. For banks, it damages reputation, leads to
compensation costs, and invites regulatory scrutiny. At a
national level, widespread cyber fraud can weaken public
confidence in India's digital economy and slow the pace of
financial digitalization.

Stakeholder | Major Consequences
Customers Financial loss, stress, loss of trust
Banks Reputation damage, compensation burden
Economy Reduced confidence in digital payments
Increased monitoring and enforcement
Regulators o
responsibilities

Table 2: Impact of Cyber Fraud in Digital Banking

The year-wise trend of cybercrime cases
registered in India, as reported by the National Crime
Records Bureau (NCRB), reveals a sharp and consistent
upward trajectory between 2018 and 2023. Cybercrime
cases increased from 27,248 in 2018 to 86,420 in 2023,
representing more than a threefold rise within six years.
This sustained growth reflects the rapid expansion of
digital banking and digital payment systems, increased
internet penetration, and greater dependence on
technology-enabled financial services. The particularly
steep rise observed after 2020 coincides with accelerated
digital adoption during and after the COVID-19 period,
which expanded the attack surface for cyber fraudsters.
The trend underscores the growing vulnerability of India's
digital financial ecosystem and highlights the urgent need
for stronger cybersecurity frameworks, enhanced
consumer awareness, and coordinated regulatory and
law-enforcement responses to mitigate emerging cyber-
fraud risks.

Recognizing these challenges, Indian authorities
have implemented several measures. The Reserve Bank
of India (RBI) has issued cyber security guidelines
mandating banks to adopt strong security frameworks,
real-time monitoring, and periodic audits. Two-factor
authentication, encryption, transaction alerts, and
transaction limits are now standard practices. The
Information Technology Act, 2000, and subsequent
amendments provide a legal framework for prosecuting
cyber-crimes and protecting digital data. Dedicated
cyber-crime cells and online reporting portals have also
been established to support victims.

However, technology alone cannot eliminate
cyber fraud. User awareness remains a critical
component of prevention. Banks and government
agencies conduct regular awareness campaigns to
educate customers about safe online practices, such as
never sharing OTPs or passwords, verifying website
URLs, and reporting suspicious activity immediately.
Users are encouraged to use strong passwords, enable
multi-factor authentication, keep devices updated, and
avoid accessing e-banking services on public networks.
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Level Preventive Actions

Banks Strong encryption, fraud
monitoring, staff training
Regulators | Cyber security guidelines,
compliance audits

Users Strong passwords,
awareness, safe browsing

habits

Table 3: Preventive Measures Against Cyber Fraud

In conclusion, digital banking has become an
indispensable part of modern India, offering
unprecedented convenience and efficiency. However, the
parallel rise of cyber fraud highlights the urgent need for a
comprehensive and collaborative approach to cyber
security. Strengthening technological safeguards,
enforcing regulatory standards, enhancing legal
frameworks, and promoting digital literacy are essential to
protecting users and sustaining trust in digital banking. As
India continues its journey toward a cashless economy,
addressing cyber fraud in digital banking will remain a
critical priority for ensuring a secure and inclusive
financial future.
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Electrical engineering undergoes various
innovations and research to bring the best possible
solutions to the global issues that require a major
transformation. The research teams are now more
focused on better ways to create, store, and use electrical
resources. You can see the industry has started to evolve
in various segments that include communication, energy
efficiency, multimedia, and many more.

IOT (INTERNET OF THINGS)

It is one of the modern technologies that has a
significant influence on electronic engineering. It is the
device that is connected together through the internet and
includes people, machinery, buildings, processes, and
nearly everything around us. However, electrical
engineering and the Internet of Thingsare interrelated in
that they contribute to the innovation of smart grids, smart
lighting, and visible light communication.

TRANSFER OF ELECTRICITY WITHOUT WIRE:

The idea of transmitting power evolved long ago,
and the technology allows electricity to travel distances
with the help of materials that include grass, air, plastic,
and wood. And thus, it has advanced further in producing
the wireless transfer of electricity through wireless
chargers for cell phones, laptops, and headphones. And
people can stay away from using the power cables for
every single electricity transformation.

SMART GRIDS:

The grid is the electric cable that distributes
power to the public from the power sources. The only
source for power distribution is the natural power grid.
However, because of the developments, the electrical
system s quite improved. And the use of these smart grids
is quite large, and it is a fact that with these technologies,
you are allowed to make end-to-end communication
among the power plant distribution centres and the user's
electrical points. Smart grids help improve efficiency and
save costs.

Yame

DRONES:

The use of drones in the engineering and
construction fields is now quite widespread. Drone
technology helps identify the risks of dangerous electrical
zones.You can find the availability of drones in every
sector, specifically in buildings. It helps to record, gather,
and analyze the data on the job site, which enhances
efficiency and productivity.

ENERGY-SAVING LIGHTS:

Nowadays, you can see the energy-saving lights
where they are used because they use less than 80% of
the energy when compared to traditional light bulbs. LED
lights consume less energy than CFL or halogen bulbs.
The introduction of LED lights is available everywhere,
and the technology grows further.

BATTERY TECHNOLOGY:

The sustainable energy sources of wind and solar
energy are commonly in use. Various electrical
companies are working to develop better batteries. And
thus, it is considered one of the most influential trends in
the electronics and electrical engineering fields. With the
development of battery efficiency, electric cars can be
easily accessible.

ELECTRIC VEHICLES:

The best example for defining technology growth
is Tesla in the market. It sets an example for being an
outstanding electric automobile manufacturer in the
world.

Electric vehicles are going to be the most
demanding vehicles of the future, and now you can see
the surge in electric bikes. These trends not only give
prolonged expansion but also come with improved battery
technology, loT, and Al. In this way, in the near future, you
can see growth trends.







